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Preface

As the human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) epidemic was first recognized in the 1980s and 1990s outside of Africa, there was great concern about the lack of a cure or effective therapy.

People have historically used dietary plants, herbal extracts, and nutrients as potential therapies for incurable diseases. Thus, people used these substances also for the management of AIDS to compensate for physical changes such as wasting and nutritional deficiencies caused by the retroviral infection. Treatment of nutritional problems could compensate for some of the effects of the retroviral infection. Each plant has about 10,000 different chemical entities. Many have been used as therapy for different diseases and may reduce the burden of HIV infection.

With the advent of various retroviral therapies, the lifespan of people with HIV has been dramatically extended, although a cure for the infection still has not been found. Many consequences of AIDS such as severe wasting have been delayed or prevented with the new therapies. Importantly, body mass changes due to alterations in metabolism are caused by antiretroviral therapy (ART). These include accumulation of fat and energy loss. People continue to search for methods within their control such as dietary plants, herbal extracts, and nutrients as potential therapies, to cope with the adverse effects of ART. The authors of Volume 1 have reviewed the literature and have provided data relating to the benefits and consequences of combining dietary changes with ART in search for better outcomes than that of either approach alone.

Section I: Food and Overview. Maharaj reviews the role of exercise in the rehabilitation of subjects with HIV; exercise is something that most patients treated with HAART can manage. Hejazi and Rajikan describe the effects of HIV infection on the metabolism of patients during and prior to ART. This analysis is important to understand the effects of therapy on metabolism. Paul and Watson review the effects of various fats on the physical and metabolic changes that occur during ART as well as the associated physical changes. Wcislo reviews the risks associated with various foods, in particular, mycotoxins and the cancers increasingly associated with AIDS. Singh and Watson review fatty acids, especially omega-3 fatty acids, which increasingly are associated with beneficial effects in the general population. Finally, in this section, Lawson and Watson evaluate the effects of nutrients known to modulate inflammation in people with on HAART.

Section II: Nutrition and Lifestyle. Ellis begins by describing a self-management plan to define nutritional needs. Talluri, Prabhala, and Prabhala carefully define the effects of nutrients on HIV infection. Sheikh, Wynn, and Chakraborty review the historical effects of foods and nutrients on children before ART as well as during HAART. Three groups review different aspects of vitamin D, a critical nutrient increasingly recognized as deficient even in many people not infected by HIV. First, Jiménez, Lázaro, Ochoa, and Aparicio review the immunomodulatory and extraskeletal effects of vitamin D in HIV infection. In particular, they focus on the prevalence, risk factors, and effects of HAART. Gandhi, Psevdos, and Felix document the overall effects of vitamin D on HIV infection. Griffin describes the effects of HIV infection on vitamin D status, which is critical, as the health of people with HIV can be dramatically affected by vitamin D levels. Aidala and her large team describe food as a medicine, using the Ryan White food and nutrition program in the United States as a model for comprehensive food and nutritional services for those treated with HAART. Almeida and dos Santos describe the effects of food on CD4 T cells infected by HIV.

Section III: Nutritional Issues in Patients with HIV/AIDS: Focus on ART-Treated Populations. Hughes, Hydrie, and Vohra ask and answer a key question: How do natural health products affect the function and metabolism of various antiretrovirals? Anema, Karim, Milloy, Wood and McCandless describe the importance of applying causal pathway analysis to observational studies focused on food security among people living with HIV. They highlight the role of directed acyclic graphs in a case study exploring hunger among illicit drug users receiving ART. da Silveira and Falco describe nutrients as therapy of children with HIV who are receiving ART. They continue by reviewing the effects of nutrition on adults with HIV on ART therapy. Kourtis and Bultreys’ chapter then reviews breast-fed children with HIV and how understanding the science behind this process can help make new policy. Anema, Mehra, Weiser, Vgenthaler and Kerr present an evidence-based conceptual framework for understanding the linkages between illicit drug use, food insecurity and HIV / Hepatitis C Virus clinical outcomes.

Section IV: Foods in the Prevention and Treatment of Obesity, Diabetes, and Cardiovascular Disease as Modified by HIV/AIDS During Antiretroviral Therapy. Clearly, in the case of patients with HIV/AIDS, many comorbidities interfere with treatment and care. Duncan reviews the role of diabetes care in patients with HIV and problems encountered in their care. Monteiro and Salomão describe the diversity and modulation of serum lipids in children with HIV during ART. Bello finds that such lipid changes resulting from ART and fat accumulation can be modified by dietary interventions. McMahon, Blanchard, and Samaras describe the combined effects of diabetes and lipid changes and potential cardiovascular complications. Vassimon describes energy expenditure and substrate oxidation resulting from the metabolic changes occurring during ART. Finally, Obi reviews changes in mortality and morbidity in African patients with HIV.

Section V: Exercise and Behavioral Lifestyle Changes in the Prevention and Treatment of HIV/AIDS: Nutritional Changes During Antiretroviral Therapy. People do recognize that exercise can have positive effects on health and alleviate problems caused by aging, disease, and chronic illnesses. Knackfuss, Maia, and Soares describe problems of adherence common among many people who are prescribed exercise; these issues are unique to patients with AIDS and are affected by important physiologic variables. Knackfuss, Soares, and Maia then describe the role of physical exercise in adherence to HAART and the effect of HAART on health. Schuelter-Trevisol, Alves, Sene, and Trevisol provide an assessment and overview of physical activities that yield optimal health benefits to people with AIDS.

Section VI: Psychological Interventions in AIDS During Antiretroviral Therapy. Campbell, Rohleder, Beadle, and O’ Keeffe review the changes in psychological responses that have occurred 40 years after the initiation of the AIDS epidemic. For example, religion plays an important part in the lives of many people with HIV/AIDS. Kagimu reviews the role of religiosity in HIV prevention among Muslims and Christians in Africa including those living with HIV/AIDS.
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Chapter 1

Exercise and Rehabilitation

Exercise in the Era of HAART in South Africa
Sonill Sooknunan Maharaj,    University of KwaZulu-Natal, Durban, South Africa


Highly active antiretroviral therapy (HAART) for individuals with human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) has been in use in South Africa for the past decade. Factors such as patient compliance, side effects of medications, and availability of HAART for the increasing number of individuals being infected by the virus, as well as transition from acute to chronic illness, have made it necessary to come up with alternative forms of therapies. Exercise is one such form of therapy, but due to limitations in cardiorespiratory fitness and other pathologies, exercise must be set according to the level of fitness of the infected individual. Rebound exercise appears to be suitable for this population; it is a simple form of aerobic activity performed on a mini-trampoline, which is based on the use of an elastic surface, gravity, and springs. Individuals who cannot perform other more physically demanding exercises enjoy and cope with the bouncing or jumping activities on the mini-trampoline. This chapter explains how this exercise can benefit HIV-infected individuals receiving HAART and the physiology of exercise.
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1.1 Introduction
Highly active antiretroviral therapy (HAART) for individuals with human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) with a CD4 count of less than 200 cells/mm³ was introduced in South African public hospitals in 2004 and has been in use for the past decade. HAART, which is a triple combination of antiretroviral drugs (ARVs), has changed the prognosis of AIDS from a terminal to chronic cyclical illness because the combination of drugs results in elevating the CD4 counts in infected individuals and increasing the potential to live longer [1,2]. It is estimated that more than 80% of individuals diagnosed with AIDS and receiving HAART survive for 3 years or more with a lower incidence of opportunistic infections [3,4]. However, it is reported that these infected individuals are presenting with an increase in chronic health problems, impairments, and disabilities compared with the pre-HAART era [5]. Projections in South Africa indicate that beyond 2015, the number of patients with chronic AIDS will continue to increase even with antiretroviral treatment [6]. The reason for this is that HIV infection and HIV drug therapies cause physical and psychological challenges for the patients. The physical challenges result from neuro-musculo-skeletal symptoms with neurologic manifestations. Of these, peripheral neuropathy seems to be the most common condition, followed by respiratory complications, mainly pneumonia and tuberculosis (TB). The neurologic complications may be related to studies that have documented relationships among the central or peripheral nervous system, peripheral neuropathy, and the HIV infection, in association with antiretroviral therapy [7,8]. The relationship between the antiretroviral therapy and the development of peripheral neuropathy has been attributed to the HIV nucleoside reverse transcriptase inhibitors.

Although the specific pathophysiology is not well understood, Moyle and Sadler [8] indicate that several nucleoside antiretroviral agents such as zalcitabine, stavudine, and didanosine cause peripheral neuropathy within 3 months and other related comorbidities such as cardiorespiratory-related illnesses, neuro-musculo-skeletal symptoms, and pain. The finding is that long-term exposure to these inhibitors may possibly cause mitochondrial injury to the host cells, which results in mitochondrial toxicities that could lead to myopathies, enthesopathies, and pain [9]. The effects of these conditions may lead to the affected person to spend less time on vigorous activities because of the lower aerobic capacity and functional limitations; this can be attributed to a detraining effect and the resultant poor quality of life (QoL) [9–11]. It is also now being reported that in South Africa, an additional burden associated with HIV is the rate of co-infection with TB [12]. It was found that although HAART resulted in an 80% reduction in the incidence, morbidity, and mortality rates of HIV-associated TB, there is evidence that co-infected patients become more ill following the commencement of antiretroviral therapy, and the condition is referred to as paradoxical worsening of TB symptoms [13]. This could be attributed to the interaction of TB and HIV medications, as there is reconstitution of the immune response to mycobacteria caused by rifampicin, an anti-TB drug that metabolizes protease inhibitors and non-nucleoside reverse transcriptase inhibitors [14]. Since the incidence and prevalence rates of HIV/AIDS are still on the increase, the South African health services are challenged by the double impact of an increase in HIV-related illnesses and TB; financial and human resources available to meet these challenges, mainly in public hospitals, are limited. An additional factor is that individuals on HAART follow a strict medication regime and possibly have to take additional medications for TB, pain, psychological disorders, and other pathologies related to HIV, which may result in these individuals becoming overwhelmed by the number of medications and protocols. The side effects of antiretrovirals may also be contributing to the compromise of the value of medical management and the relatively poor QoL of these individuals. Therefore, alternative therapies are warranted and necessary so that the affected individuals have options in terms of potential treatment outcomes. This will help maintain or improve their QoL and motivate them to adhere to and comply with HAART, thus maintaining CD4 cell counts of greater than 200 cells/mm³, critical for therapeutic success in the treatment of HIV infection. This will also result in improvement in scores for most domains of QoL, assessed using health-related questionnaires [15].
1.2 Quality of Life
With the introduction of HAART, an improvement has been seen in the QoL of the affected individuals, although the outcomes may be different, depending on the person’s baseline QoL [16]. Over a period with the use of HAART, it has been found that there are side effects or adverse effects associated with the use of these medications. The resulting physical, psychological, metabolic, or morphologic manifestations are associated with anthropometric abnormalities caused by body fat redistribution [17]. Symptoms such as pain, nausea, fatigue, anxiety, depression, or impaired psychosocial deficits result in the affected individuals either discontinuing or not complying with their course of medication or turning to complementary and alternative forms of therapies. These may include, but are not limited to, acupuncture, massage, homeopathy, and vitamin supplements. The main objective of these alternative therapies is to improve the health and subjective perceptions of the individual. These perceptions may include assessment of life in terms of happiness, life satisfaction, and positive effects that may reflect not only how they feel physically but, to some extent, what their health allows them to do functionally as well. The reason for this is that good health, which can be regarded as absence of mental, physical, and psychological symptoms and the ability to achieve and maintain maximal functional independence and autonomy, is an important factor that contributes to a good QoL. Therefore, rehabilitation techniques focus on maintaining, restoring, and enhancing the QoL in individuals with HIV and is an important outcome for HIV treatment [18–20]. Physical movement is the cornerstone for performing recreational activities or activities of daily living (ADLs) and also improves psychosocial and mental health. Limitations in mobility of individuals with HIV who may or may not be receiving HAART were shown to be commonly associated with problems such as pain and loss of muscle power and neuro-musculo-skeletal and related functions because patients often avoid physical activity as they fear that this will cause injury and worsen the pain. These symptoms and physical impairments can influence coping strategies and have a negative effect on the QoL and health of the infected individuals [21,22]. Rehabilitation programs must therefore consider mobility and QoL as important goals when initiating any form of therapy for individuals affected by HIV/AIDS. It is often found that questionnaire-based methods are commonly used to assess the health status of people with HIV/AIDS. These measures are often used to determine the effects of medical, physical, and community-based health interventions. One of the generic questionnaires used to assess the measures of QoL is the Short Form-36 Medical Outcomes Study (SF-36). This questionnaire measures the outcome of health care delivery and is also used to monitor people living with HIV/AIDS in South Africa, as patient-reported measures of QoL are likely to be reliable and valid methods of assessing the impact of different HIV/AIDS interventions within the African context. [23,24]. Following the use of this instrument, patients can be assessed with the primary aim of rehabilitation to restore the patient to optimal physiologic and psychological health, relieving pain, encouraging movement, and potentially relieving stress and depression. The paradigm shift of any rehabilitation intervention must therefore be related to the goal of improving short-term function by decreasing discomfort and increasing mobility to an emphasis on long-term independent function, placing the emphasis on patient-based outcomes and improvement in QoL as the main objectives of treatment [25,26]. QoL, therefore, becomes important factor in determining the impact of chronic diseases on patients’ lives, and improvement in QoL should be recognized as an significant outcome in the treatment of HIV [19,25,27].
1.3 Exercise and HAART
Generally, exercises are known to improve immune function and QoL of the individuals with HIV by improving their lung function, breathing, and ventilation and their physical and emotional status and by delaying AIDS-related complications [28]. However, it appears that medications used in HAART, mainly zidovudine and didanosine, have variable effects on exercise tolerance, physical and psychological challenges, and motivation due to decrease in the performance of activities. Various studies have indicated that vigorous activity and aerobic capacity are lower among those on HAART as the infected individuals reported climbing fewer stairs and walking fewer blocks per day, and fewer of them were employed because they did not have the physical capacity to work [29–32]. Even in the absence of clinical immunosuppression, infected individuals experience depression, disabilities, activity limitations, and restricted participation due to pain and diminished muscle power and movement-related functions; thus, they avoid physical activity fearing that this will worsen the pain and cause further injury [21]. Physiologically, persons of all ages infected with HIV show low functional capacity, which is expressed as lowered capacity to utilize oxygen and perform work [33]. The ability to utilize oxygen is referred to as functional aerobic capacity, and studies have shown that individuals with HIV have a maximal functional aerobic capacity of 24–44% below the normal values for their age [29]. It is generally acknowledged that physical activity provides health benefits, with moderate physical activity being one of the primary interventions in the treatment of some diseases [32,34]. In the pre-HAART era, physical activity three or more times per week was associated with slower progression to AIDS, and an inverse relationship was seen between viral load and physical activity [28,35,36]. In the era of HAART, studies have shown that physical activity is recommended for the treatment and prevention of cardiovascular disease, lipodystrophy, and insulin resistance and to improve the health-related QoL in individuals with HIV [37–39]. Since the introduction of HAART, although the lifespan of the infected individuals has been prolonged, specific adverse effects, including neuropathy, fatigue, insomnia, nausea, diarrhea, vomiting, skin rashes, anemia, body fat distribution, and psychiatric symptoms, occur following long-term use of HAART medications, [40]. Since rehabilitation management and techniques require self-activity to ensure physical and mental health, one of the primary methods to facilitate this is through the engagement of these individuals to participate in exercise programs. The premise is that an improvement in the participants’ feeling of physical and mental well-being will likely serve as positive reinforcement, which may provide an impetus for engaging in and continuing with the exercise programs.
1.3.1 Exercise Activities
Many studies have indicated the benefits of aerobic, resistance, or combination exercises to patients infected with HIV and receiving HAART [28,41,42]. Exercise has been associated with an improvement in self-confidence, sense of well-being, and mental relaxation, all of which have a positive impact on the overall QoL [43]. Aerobic exercises incorporating treadmill activities, cycle ergometer, jogging, walking, running, and other exercises related to cardiorespiratory fitness have been advocated as being beneficial for persons with HIV and those receiving HAART. Some of these studies have focused on the general benefits of exercises to physical function and others specifically on the QoL of individuals with HIV. In a study using a rehabilitation program of moderate-intensity cycling and treadmill exercises, incorporating a home exercise program for patients on HAART, the findings were that there was a significant improvement in the QoL in those individuals participating in the study with no adverse effects from these exercises [44]. This study also found that sick days from work decreased from a mean of 7 days to 3 days. The female dropout rate was significant, as more females dropped out of the study compared with men. In a study not based on exercise programs, Ajithkumar et al. [45] noted that the majority of patients receiving antiretrovirals went back to their jobs. Evidence has shown that women have a higher incidence of psychological symptoms and greater psychological distress [46]. Therefore, it seems that the physiological manifestation of HIV is different in women than in men [18], which could be a reason for women not participating in rehabilitation programs to the same extent as do men. However, this is in contrast to the study by Keyser et al. [33], in which female participants were found to be either less affected by their infection or their lifestyles required more time to be spent on other activities, which could be the reasons for females not seeing the benefit of participating in formal exercise or rehabilitation programs. The study by Maharaj and Chetty [44] on exercises also noted significant improvements in physical and mental component scores following the exercise program, possibly due to improvements in the participants’ feeling of physical and mental well-being serving as positive reinforcement and providing an impetus for continuing with the exercise program. It was also shown that functional limitations common in individuals with HIV due to detraining could be reversed by adherence to a moderate exercise program [47]. Although various types of exercise seem to have positive effects on the individual with HIV, rehabilitation professionals have noted that sometimes resource-poor communities and facilities do not have the necessary infrastructure for running successful exercise programs and that individuals with HIV fatigue easily or show no interest in exercise regimes. Therefore, alternative methods of exercise activities are warranted. One such exercise is the rebound exercise.
1.3.2 Rebound Exercise
Rebound exercise performed on a mini-trampoline with an elastic surface and springs, including gravity-assisted vertical movements, is a relatively new type of exercise recommended inter alia to improve cardiorespiratory fitness [48] (Figure 1.1). Rebound exercise can vary in intensity, depending on the age and fitness of the individual; feet are either in constant contact as in a bouncing movement or raised above the elastic surface, depending on jump height assisted by gravity, springs, and a handlebar for support (Figure 1.2). Bounce or jump frequencies can be monitored by signals from an electronic metronome, which, when set at a minimum of 60 per minute and height of 15 cm, does not provoke an increase in maximal oxygen consumption (VO2) or energy expenditure [49]. The benefit of this is that the signal from the metronome can act as a means of feedback to the individual, and if a successful number of bounces are performed, it can serve to motivate the patient. Thus, it encourages further activity, and the relative stability of VO2 will not lead to fatigue of the individual. It is, therefore, a suitable exercise for an individual who has either respiratory compromise such as pulmonary TB or other challenges related to activity and exercises. Anecdotal reports indicate that patients enjoy the bouncing and jumping activities and also cope adequately with rebound exercise, as patients with neuro-musculo-skeletal weakness use the handlebars for support and stability. The elastic surface of the trampoline and the springs facilitate movement. The additional benefit is the avoidance of a jarring effect on the musculoskeletal system, mainly on joints affected by arthritis and osteoporosis, which commonly prevent individuals from engaging in other aerobic exercises such as jogging and treadmill activities. Cycle ergometer exercises can be beneficial to individuals with arthritis or osteoporosis; mobilization in standing, which is possible with gentle bouncing on the trampoline, improves functional residual capacity, oxygen saturation, and the partial pressure of oxygen and reduces the partial pressure of carbon dioxide with short-term improvements in tidal volume, inspiratory flow rate, and minute volume [50]. Studies indicating the effect of exercises in individuals presenting with pathologies are limited, but some of the initial studies have indicated that rebound exercise has the potential to benefit certain conditions.
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Figure 1.1 The rebounder (mini-trampoline).
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Figure 1.2 Feet in contact (handlebar for safety).
1.3.3 Studies with Rebound Exercise
The author has conducted two studies with different exercise programs for individuals with HIV using rebound exercise to determine its effect as follows:
1. Cycle ergometer and rebound exercises with chest physiotherapy: a useful adjunct for sputum expectoration in mild to moderately symptomatic HIV infected children [51]. This study was conducted on children aged 8–12 years with mild to moderately symptomatic HIV, who presented with difficulty expectorating sputum. The volumes of sputum produced following cycle ergometer or rebound exercise after chest physiotherapy were compared. Both exercises were found to be safe for these children, but the combination of rebound exercise and physiotherapy resulted in the production of significantly more sputum. This combination was, therefore, considered useful to remove excess sputum commonly occurring in these children.

2. Chest physiotherapy and rebound exercise for sputum in patients co-infected with TB and HIV [52]. This study focused on the use of rebound exercise as a potential adjuvant with chest physiotherapy for sputum induction in patients who were co-infected with TB and HIV and were on HAART. A significant amount of sputum was produced when rebound exercise was followed by chest physiotherapy compared with a group receiving only chest physiotherapy. The acid-fast bacilli yield also improved after the combination of rebound exercise and chest physiotherapy. The additional benefit was less exposure to infected patients and thus a reduction in nosocomial TB infections and minimization of direct interaction with patients with HIV and TB co-infection. This is a significant advantage in the South African health care environment, as the health care professionals are already challenged by the HIV pandemic and the increasing incidence of TB. Co-infection has placed an enormous financial and human resource burden on the South African public health care. However, as the combination of rebound exercise with chest physiotherapy is a cough-generating and respiratory-facilitated procedure, biosafety measures must be implemented strictly, and rebound exercise should be used with caution due to the risk of increase in respiratory and blood pressure rates.



1.3.4 Precautions During Rebound Exercise
In both studies listed above, as the patients have cardiorespiratory compromise, an increase of 30% from baseline (preintervention) values of systolic or diastolic blood pressure during the exercise was deemed an indication that the patient was reaching an unstable state and the exercise was to be stopped [53]. Moderate intensity of exercise was between 50% to 60% of the age-predicted maximum heart rate (220-age in years), and a rate of 10 beats within this percentage was set as the predicted maximum for safety [54]. In general, as respiratory and blood pressure rates increased during rebound exercise these vital characteristics should be closely monitored during the use of this exercise in HIV-infected and other respiratory compromised patients.
1.3.5 Physiologic Responses Following Rebound Exercise
The significant amount of sputum produced with rebound exercise may be associated with the exercise facilitating strength and function of the respiratory system, which influences pulmonary pressures, volume, breathing depth, and frequency [55]. Physiologically, inspiratory muscles, including the diaphragm, are morphologically and functionally skeletal muscle, and patients with compromised elasticity of lung tissue will experience hyperinflation with shortening and flatting of the diaphragm resulting in altered length and decreased force production [56]. Rebound exercise, which requires rhythmic bouncing on the elastic surface and is assisted by gravity and springs, enhances the movement of the diaphragm and lung tissue into repetitive “wavelike movements.” This facilitates breathing excursions and mucus clearance by hyperventilation, which leads to high air flow and mechanical squeezing. The increase in mucus clearance is achieved by the mimicking of the active cycle of breathing techniques and natural work of breathing, which clears a significant volume of secretions from the bronchial tree and improves bronchopulmonary secretion and lung function [57,58]. Similar to the findings in the study by Weston et al. [59], other studies have also shown that the respiratory rates increased significantly in the rebound exercise group, as some patients may have bounced more than the prescribed minimum of 60 per minute. This may have caused an increase in step frequency and thus an increase in the respiratory rate but with no significant increases in the heart rate. These findings support the use of rebound exercise, as during treadmill exercises, an increase in heart rates has a linear increase in VO2 [59], which may be reduced in respiratory-compromised patients with HIV and TB co-infection. The hypertensive readings post-rebound exercise could be related to positive and negative lower body position changes, which alter central and thoracic blood volumes, causing changes in central venous pressure and mean values of systolic blood pressure. Systolic blood pressure also increases with exercise duration, peaking at 12 min at a heart rate of 160 beats per minute (beats/min), and diastolic pressure remains fairly constant, which must be noted during the use of rebound exercise [60,61].
1.3.6 Rebound Exercise and QoL
In an unpublished longitudinal study over 9 months, 69 patients on HAART for a minimum period of 3 years or more were recruited and subjected to rebound exercise. One of the aims of the study was to determine the effect of rebound exercise on the QoL domains of physical and mental components. Thirty minutes of rebound exercise twice per week improved the physical and mental components from baseline, peaking in the third month and marginally declining in months 6–9 (Figure 1.3). This may be due to rebound exercise having maximal physiologic and mental benefits during this period for the participants. However, over a longer period, the benefits decrease, which may possibly be due to physiologic adaptations of the body to the effects of the exercise and the decreased motivation of the individual, which lowered the values of the mental component.
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Figure 1.3 Physical and mental component scores following rebound exercise (n = 69).

1.4 Summary and Clinical Implications

The era of HAART has seen significant changes in comorbidities associated with HIV in infected individuals. Peripheral neuropathy, TB, cerebral vascular accidents, musculoskeletal pain, and enthesopathies are commonly associated with the use of HAART and require medical and rehabilitation management. The overall aim of medication is to prevent and manage comorbidities associated with the virus, and rehabilitation programs aim to restore, maintain, and enhance the QoL and avoid inactivity in individuals with HIV due to the detraining effect. There are various ways to encourage activity and improve the QoL in this population with the use of exercise programs. The management of the virus and the comorbidities associated with it and the psychosocial aspects present challenges to health care professionals. Rehabilitation professionals must therefore contribute to the overall management by encouraging activities that are safe, manageable, and enjoyable for this population. Exercises, in particular rebound exercise, seem to have beneficial outcomes in these individuals and should therefore be encouraged. However, any exercise program must be used with appropriate caution in this population.
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Chapter 2
Metabolic Abnormalities in HIV-Infected Populations without or with Antiretroviral Therapy (ART)
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Irregularities in blood metabolic parameters have been detected in the human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) era prior to and during the period of treatment with HIV medications. Serum lipids and glucose concentrations, which are highly prevalent metabolic abnormalities, have been affected unfavorably in different patterns. Low concentrations of serum cholesterol and high-density lipoprotein cholesterol (HDL-c) are typically manifested during infection with HIV, whereas increased levels of serum triglycerides (TG), cholesterol, and glucose are well-known metabolic disorders seen during therapy for advanced HIV. In general, serum lipids and glucose disorders are more common and severe with some HIV medicines, which play significant roles in these metabolic complications. Based on the availability of various HIV medicines, the mechanism and pathway, occurrence rate, and severity may be dissimilar for each class of HIV medicine. This chapter introduces and explicates the findings of studies on HIV-associated metabolic abnormalities without and with antiretroviral therapy (ART) in detail.
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2.1 Introduction
Human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS), a set of clinical signs and symptoms, is not similar to other infectious diseases. It cannot be seen merely in the form of ordinary clinical manifestations of infection, such as fever, appetite loss, fatigue, or pain. In fact, this unique infectious syndrome can negatively affect all vital human body organs through deleterious changes in the form of weakening the immune system. As the results of spectrum immune alterations, some metabolic abnormalities can be seen early in the course of HIV infection. Aggravations in lipid and glucose metabolism and insulin resistance (IR) are examples of highly prevalent metabolic dysregulations [1–10]. HIV can interact with metabolic irregularities in many pathways. Another aspect of metabolic abnormalities can be explained in relation to HIV treatment, which has altered the clinical picture of this infection by declines in morbidity and mortality rates. These metabolic disorders are caused mainly by the introduction of some HIV medicines [1,8,10]. Some of these complications such as dyslipidemia, IR, and increased serum glucose can be recognized before or during HIV/AIDS treatment, particularly with the initiation of advanced and multiple antiretroviral therapy (ART), which is also referred to as highly active antiretroviral therapy (HAART). Before treatment with antiretroviral medication, rise of serum triglyceride (TG) level, decreases of high-density lipoprotein cholesterol (HDL-c), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-c) levels, as well low or high levels of serum glucose, were attributed to HIV infection, whereas ART regimens have dissimilar effects on lipid and glucose metabolisms among people living with HIV/AIDS (PLHIV) [11–14]. During prescriptions of antiretroviral agents, high serum concentrations of TG, TC, LDL-c, and plasma glucose and low level of HDL-c are associated with treatment. It is believed that the most of the hallmark influences of anti-HIV drugs in terms of metabolic complications are caused by a third class of antiretroviral agent, called the protease inhibitor (PI) [1,8,9,11]. Moreover, other associated risk factors increase the possibility of the occurrence of these disorders. Overall, these metabolic instabilities might be caused by a cluster of influences, comprising the adverse effects of anti-HIV drugs, the nature of HIV, environmental or lifestyle factors, and individual genetic susceptibility. Remarkably, cardiovascular diseases (CVDs) are the one of tragic consequences of these multiple metabolic illnesses, also called noncommunicable diseases (NCDs). Increasing in ART receiving rates (with a global target of 15 million people living with HIV [PLHIV]) from 54% at the end of 2011 to 65% in 2012, as reported by the World Health Organization (WHO) in 2013 [2], may elevate the incidences of these NCDs in the future. Understanding of the extremely complicated and multifactorial pathogeneses of these metabolic alterations is worthwhile for implementation of preventive programs and therapeutic management. This chapter explains the definition and type of metabolic abnormalities, epidemiology, pathophysiology (mechanism), and associated risk factors, as well studies and findings in relation to these topics. On account of the importance of HIV infection and the role of ART in the occurrence of these abnormalities, two sections in this chapter provide information on the courses of metabolic associated disorders without ART and with ART.
2.1.1 Metabolic Abnormalities
Metabolic abnormalities have been defined as a part of lipodystrophy syndrome in patients with HIV. HIV-associated lipodystrophy syndrome, which was first defined in 1998 [1], is characterized by undesirable metabolic and morphologic changes, including dyslipidemia, IR, and body fat redistribution. Dyslipidemia, which is a range of increased levels of serum TG (hypertriglyceridemia), LDL-c, and TC (hypercholesterolemia) and also low concentration of HDL-c, may or may not be associated with serum glucose disturbances. Also, IR and serum glucose disorders are frequently seen with this infection. In IR, body cells are unable to respond to the normal biologic activities of the hormone insulin so that the excess levels of insulin circulating in blood (hyperinsulinemia) almost reveals the IR [4]. Lack of insulin production as a result of defects in β-cells, which make insulin hormone in the pancreas and release it into the bloodstream, IR, or both are the other causes of glucose abnormalities in blood and human tissues. IR and serum glucose irregularities lead to numerous morbid illnesses, including impaired glucose tolerance (IGT), type 2 diabetes mellitus (T2DM), hypertension, coronary heart diseases (CHDs), and CVDs [3,4]. However HIV-associated body fat disorders are typically caused by the adverse effects of HAART, which alters body composition, and are considered morphologic changes. Excess local body fat accumulations (lipohypertrophy) in the abdomen as visceral fat, back of neck (buffalo hump), breast, liver, epicardium, and muscles may be seen with loss of subcutaneous adipose tissue (lipoatrophy). Lipoatrophy is observed in the extremities, including the arms and legs; in the face as shrunk temporal and periorbital fat pad; and in the chin as nasolabial double fold [5,6], which are the well-known morphologic alterations [1,7]. In most cases, body habitus changes are linked to blood lipid abnormalities in the form of high levels of TC, LDL-c, TG, or a combination of these [8,9].

Overlay metabolic disorders associated with HIV infection and ART can be summarized as follows:
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2.1.2 Grading of Severity in Dyslipidemia and Abnormal Glucose Level
Definitions and classifications for serum lipids and glucose are slightly different in the HIV/AIDS era. The descriptions and categorizations recommended by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) with regard to blood metabolic abnormalities, which are presented in Table 2.1, are widely used by researchers and clinicians in HIV studies [10].



Table 2.1

National Cholesterol Education Program Adult Treatment Panel III Approach to Dyslipidemia and Hyperglycemia




	Triglyceride (mg/dL)
	Triglyceride (mmol/L)
	Condition




	<150
	<1.695
	Desirable


	150–199
	1.695–2.249
	Borderline high


	200–499
	2.26–5.639
	High


	≥500
	≥5.6
	Very high







	LDL cholesterol (mg/dL)
	LDL cholesterol (mmol/L)
	Condition




	<100
	<2.58
	Optimal


	100–129
	2.58–3.33
	Near optimal/above optimal


	130–159
	3.36–4.11
	Borderline high


	160–189
	4.13–4.88
	High


	≥190
	>4.91
	Very high







	Total cholesterol (mg/dL)
	Total cholesterol (mmol/L)
	Condition




	<200
	<5.17
	Desirable


	200–239
	5.17–6.18
	Borderline high


	≥240
	≥6.19
	High







	HDL cholesterol (mg/dL)
	HDL cholesterol (mmol/L)
	Condition




	<40
	<1.03
	Low


	≥60
	≥1.55
	High







	Fasting glucose (mg/dL)
	Fasting glucose (mmol/L)
	Condition




	≥110
	≥6.1
	High





2.1.3 Anti-HIV Drugs by Class
The recent six classes of antiretroviral drugs (Table 2.2) comprise nucleoside reverse-transcriptase inhibitors (NRTIs), non-nucleoside reverse-transcriptase inhibitors (NNRTIs), PIs, fusion inhibitor (FI), and integrase inhibitor, which is also referred to as integrase strand transfer inhibitors (INSTIs). As a result of failure in first-line treatment with NRTIs, NNRTIs, or both, clinicians switch from first-line ART to second-line ART, which consists of two NRTIs+one PI [11] in both adults and children. Third-line regimens include new drugs such as integrase inhibitors, FIs, CCR5 antagonists, or new agents of second-generation NNRTIs and PIs. Switching to another line may be due to failure with previous line regimens, ART intolerance, or severe side effects of antiretroviral agents.


Table 2.2

The Clustering of Anti-HIV Medications by Class





	NRTI
	NNRTI
	PI
	FI
	CCR5 antagonist
	Integrase inhibitor




	Abacavir (ABC)
	Efavirenz (EFV)
	Atazanavir (ATV)
	Enfuvirtide(T-20)
	Maraviroc (MVC)
	Raltegravir (RAL)


	Didanosine (ddI)
	Etravirine (ETR)
	Darunavir (DRV)
	 	 	 
	Emtricitabine (FTC)
	Nevirapine (NVP)
	Fosamprenavir (FPV)
	 	 	 
	Stavudine (d4T)
	 	Indinavir (IDV)
	 	 	 
	Lamivudine (3TC)
	 	Lopinavir (LPV)
	 	 	 
	Tenofovir (TDF)
	 	Nelfinavir (NFV)
	 	 	 
	Zidovudine (AZT)
	 	Ritonavir (RTV)
	 	 	 
	 	 	Saquinavir (SQV)
	 	 	 
	 	 	Tipranavir (TPV)
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Source: Adapted from guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents [11].


2.2 HIV-Associated Metabolic Abnormalities without ART
Irregularities in the metabolic system of patients with different HIV-1 subtypes before treatment with HIV medicine have been discussed extensively [12]. In the 1980s and 1990s, hormonal and metabolic derangements were observed in ART-naïve patients with HIV. One of the obvious examples of these alterations is lipid disorder, which has been observed in the form of decreased HDL-c, increased serum TG, and decreased cholesterol levels as the result of decreased clearance of very-low-density lipoprotein (VLDL-c) during advanced stages of AIDS [12–14]. This information about alterations in lipids was mainly obtained from cases of wasting syndrome in AIDS. Unfortunately, there are few studies on HIV-related metabolic disorders among the ART-inexperienced individuals with HIV from early in the HIV epidemic, although much attention was given to the severity and high incidence rates of the metabolic side effects of the antiretroviral classes.
2.2.1 Pathophysiology of Serum Lipid Disorders
Given the complexity of HIV/AIDS, many factors, including inflammatory conditions, endocrine disorders, and so on, contribute to HIV-related metabolic disorders. There are some theoretic concerns regarding the pathogeneses of lipid disorders induced by HIV. Blood lipid deregulations are common because of host responses to infections with bacteria, fungi, viruses, or other infective microorganisms. The host cells in mammals encounter significant metabolic alterations through the secretion of inflammatory markers, which exert protective actions against pathogens.

Cytokines are wide-ranging inflammatory indicators, which mainly act as the tumor necrosis factor (TNF) in reaction to bacterial contaminations, and interferons (IFNs) act as key cytokines in response to viral diseases [15–17]. Generally, cytokine activities lead to elevation of lipid peroxidation and the production of reactive oxygen species and free radicals, which damage the molecular structures of lipids [18]. As another mechanism, TNF, IFN-α, IFN-ϒ, interleukin 1 (IL-I), and IL-6, which are the main cytokines, have catabolic effects on fat cells through a decline in lipoprotein lipase activity and an upsurge of lipolysis (breakdown of lipids) in fat tissues [19–21]. The first atypical manifestation of a blood lipid is a rapid increase in serum TG level [22–24]. Overall, hepatic synthesis of fatty acids and VLDL-c by these cytokines [22,25] lead to the production of TG in the liver.

A good example of the effect of inflammatory markers on blood lipid profile can be seen in relation to the low HDL-c level [26]. Low serum concentration of HDL-c has been diagnosed in individuals with HIV who are not receiving ART [27], which was unrelated to the CD4+T-lymphocyte count [28,29]. Similarly, high-level productions of inflammatory cytokines such as TNF, IL, and IFN cause an upsurge in serum TG levels with progression in HIV infection and opportunistic infections, which possibly raise the serum amounts of these inflammatory markers [30,31] and steroid hormones [12,28]. Consequently, an increase in cytokines such as IFN-α causes elevations in serum concentrations of TC, TG, VLDL-c, apolipoprotein B (apoB: primary component of chylomicrons, VLDL-c and LDL-c), and apoB/apoA1 (apolipoprotein A1: the major protein component of HDL-c in plasma) [32]. These lipid alterations could be partially explained by the fact that the production of inflammatory factors and a weakened immune system can alter lipid levels unfavorably. This also explains why health care professionals consider a low CD4 cell count the major risk component for metabolic abnormalities [33,34]. Finally, the common consensus is that the low CD4 cell count, which is an indicator of chronic inflammatory markers, is accompanied by an increased amount of TG and lower levels of TC and LDL-c. HIV can affect the endocrine system by involving glands such as the pituitary, thyroid, adrenal, and gonadal glands and the pancreas, which causes imbalances in hormonal levels [35–40]. Endocrine dysfunctions are reported to be the results of different pathways. It is assumed that HIV itself or the related illnesses can damage the endocrine glands directly, resulting in endocrine system dysfunctions. Thyroid disorders, which cause fluctuations in the levels of thyroid hormones, also have been observed in the early and progressive stages of HIV infection [35]. Before progression of HIV infection, increases in the levels of serum thyroxine-binding globulin, serum total thyroxine (T4), and triiodothyronine (T3) concentrations are possible, whereas serum T4 and T3 concentrations may decline during the stage of acute illness due to the cytokine secretions [39]. Decrease in thyroid hormones (hypothyroidism with low level of T3 and T4) caused by HIV infection may reduce the HDL-c level and elevate the TG level [40]. Hepatitis C associated with HIV may decrease the rates of hyperlipidemia [41,42] due to liver malfunction caused by hepatitis C virus (HCV) [43] and also due to the binding of HCV to the LDL receptor; HCV increases lipid uptake from blood and lowers the levels of serum lipids [44,45]. Generally, the main causes of dyslipidemia in this infection can be summarized as cytokine profile alterations, declines in lipid clearances, and upsurge of hepatic synthesis of VLDL-c [17].

2.2.2 Studies on Serum Lipid Disorders
In a few studies, some outcomes were considerably varied and distinct. Rates of hyperlipidemia (high serum TG, TC, LDL-c, or a combination of all) were reported to be up to 20% in HIV-positive subjects from different research studies [46–50]. The differences between studies in study designs, studied populations, and cutoff point definitions for metabolic disorders may have produced these variations in findings. In general, high levels of TG and low levels of HDL-c were observed more often. In two studies, among intravenous drug users (IDUs), hypertriglyceridemia was frequent in 20% of IDUs from one study [47], whereas the second study found that 11% and 20% of IDUs with HIV had reduced TC and HDL-c levels and 11% of subjects had elevated TG values [48]. Some recent comparative studies, mostly from African countries, in which HAART-naïve patients were used as the control group, also reported dyslipidemia among adults and children [28,29]. In a study among ART-naïve patients [26] means (mg/dL) of all lipid and glucose parameters were in normal ranges (mg/dL) among females (TC (167 mg/dL): LDL-c (98.5 mg/dL), HDL-c (43.6 mg/dL), TG (124.2 mg/dL), and glucose (90.5 mg/dL)); among males (TC (160.6 mg/dL): LDL-c (98.2 mg/dL), HDL-c (35.3 mg/dL), TG (135.2 mg/dL), and glucose (86.1 mg/dL)). In another study, the HIV-infected group showed lower HDL-c and LDL-c and higher TG and IL-6 levels compared with the uninfected group [29]. Also, Cameroonian patients with HIV showed a highly increased level of TG (216.2 mg/dL) and a lower value of LDL-c (62.11 mg/dL), whereas TC and LDL-c levels were in normal ranges [28]. Furthermore, a similar pattern was observed among Indian patients, who had diminished levels of LDL-c and HDL-c, whereas the TG and VLDL-c levels were increased [49]. Finally, in contrast to findings from adult studies in a retrospective cohort study, HAART-naïve children had a slightly increased level of TC (136.3 mg/dL), but the TG level (135.8 mg/dL) was lower than normal [50].
2.2.3 Serum Glucose Disorders
Some early studies of ART-inexperienced individuals with HIV frequently detected abnormal glucose homeostasis in the form of hypoglycemia [51,52] or hyperglycemia [51–53].
2.2.4 Pathophysiology of Serum Glucose Disorders
IR, hyperinsulinemia (excess levels of insulin circulating in the blood), and glucose disturbances were considered characteristic of host cells response to HIV infection in the pre-HAART era [54,55]. Low levels of serum glucose (hypoglycemia) may happen less frequently compared with hyperglycemia (increased serum glucose concentration) in patients with AIDS. One comparative study of asymptomatic patients with AIDS and healthy controls found that hypoglycemia in individuals with AIDS resulted from hypermetabolism (increased metabolic rate) and undernutrition, which were seen with significantly low rates of whole-body protein synthesis, total amino acid, and glucose cycling [51].

Overall, HIV infection may trigger IR through several pathways. A relatively new theory in the HIV/AIDS era is based on the discharge of proinflammatory cytokines as TNF-α by peripheral blood mononuclear cells [56]. The stimulation effects of TNF-α in the direction of IR by adipose tissue in overweight or obesity [57] and in systemic infection through hepatic and peripheral cells [54] as well in metabolic syndrome have been proven [56,58]. Another mechanism is based on the possible anabolic effects of treatment with recombinant human growth hormone among patients with HIV/AIDS and associated wasting in the early days of the HIV epidemic. This finding may explain the elevation of both protein anabolism and protein-sparing lipid oxidation [59] by the human growth hormone, which results in increases in circulating insulin level, hyperglycemia, and TG concentration. An exclusive comparative study by Hommes et al. [52] demonstrated that the rate of insulin clearance and peripheral tissue sensitivity to insulin and hepatic glucose production were higher in symptomatic HIV-positive men than in the HIV-free control group subjects [52]. Another possible mechanism may be the increase in non-oxidative glucose disposal, which causes the upsurge in non-insulin-mediated glucose uptake and glucose production from the liver [59,60]. Even with PIs, which are potent antiretroviral drugs for the treatment of IR, hyperglycemia, and DM, HIV infection may independently induce these disorders. One of the primary research studies in 1999 with 30 healthy controls showed that hyperinsulinemia in 75 women with HIV was not induced by PIs but was associated with HIV infection [55]. Chronic hepatitis C, which is common in HIV infection, can cause direct damage to the β-cells in the liver [61]; thus, glucose abnormalities may be the consequence of co-infection with hepatitis C and HIV [62].
2.3 HIV-Associated Metabolic Abnormalities with ART
Pharmaceutical agents introduced in the mid-1990s revolutionized HIV/AIDS treatment [13,18,63–66]. These agents improved quality of life and longevity in individuals with HIV by significantly lowering mortality and morbidity rates. Advances in the treatment of HIV/AIDS provided huge benefits to communities and governments through reduction of financial and society burdens, but these advantages seem to have come at a price. In spite of all of the remarkable properties of antiretroviral medications, some chronic conditions such as dyslipidemia, disturbances in glucose homeostasis, IR, and hyperinsulinemia have been documented as the direct adverse effects of ART or as a result of combination with other risk factors such as HIV itself, an unhealthy lifestyle, and environmental factors [1,67,68]. The metabolic side effects of ART manifesting as chronic complications mostly have multiple pathogenic mechanisms. However, ART is considered the most significant contributing factor compared with other causal factors such as aging or an unhealthy lifestyle. Also, it is not certain whether the entities that have been clustered under the term “lipodystrophy syndrome” are distinct or interconnected components. Every single anomaly in the serum lipid or glucose level can happen independently and exclusive of others, and the severity of the anomaly may differ from case to case. Of the six antiretroviral drug classes, the metabolic side effects of ART are most frequently detected with PIs, followed by NRTIs, and NNRTIs that have different and specific effects [69,70]. Except efavirenz (NNRTI agents), which may have a role in the occurrence of dyslipidemia, other classes of ART, including NRTIs, NNRTIs, FIs, integrase inhibitors, and CCR5 antagonists, are generally less involved in metabolic disorders [1,71–76].
2.3.1 Serum Lipid Disorders
Dyslipidemia is one of the most challenging problems in HIV/AIDS treatment and cause great concern to both patients and medical care teams; therefore, numerous research studies have been conducted to determine the incidence, severity, associated risk factors, and involved biologic or pharmaceutical mechanisms. Importantly, data from epidemiologic and medical studies have linked HIV/AIDS treatment to increased risk of CHD in a conclusive and consistent manner.
2.3.1.1 Epidemiology
Globally, the occurrence of dyslipidemia in HIV-seropositive patients receiving ART has been recently estimated to be between 20% and 80% [77–90]. The highest incidence of metabolic abnormality is increased serum TG concentration (hypertriglyceridemia), which is seen in the majority of HIV cases (40–80%), followed by hypercholesterolemia (10–60%), low HDL level (20–40%), and hyperglycemia or hyperinsulinemia (5–30%), whereas the lowest incidence is for diabetes (10–20%), as shown by different studies [81–90].

Importantly, receivers of PIs experienced the most unfavorable metabolic changes [77–83]. Also, early reports in 2000 on the side effects of PIs highlighted the incidence of high concentrations of the lipid profile as being close to 80% [77–79] in various global populations, mostly from Western and African countries. Fewer studies have been conducted in some regions in South America and Asia on the relationship between metabolic disorders and ART. In Asia, in particular Southeast Asia, Thailand [91–95], and India [96–98], HIV-associated serum lipid complication rates are in the range of 5–60% for high TC, high LDL-c, high TG, and low HDL among ART receivers. Also, hyperglycemia incidences were documented in 27% of HIV cases in Thailand [93,99] and 60% in the HIV population in India [96]. In Malaysia, studies in large (1,583) and small (340) samples of HIV populations found that up to 80% of the subjects had dyslipidemia rates, whereas hypertriglyceridemia and hypercholesterolemia were frequently prevalent in more than half of the population and low level of HDL, raised LDL-c, and hyperglycemia were common in less than 30–40% of studied populations [81–83]. In Brazil, frequencies of metabolic abnormalities were opposite to those found in other countries. Findings from two recent studies from Brazil revealed that low HDL-c levels affected nearly 60% of subjects with HIV [100,101], whereas hyperglycemia (23%), hypercholesterolemia (26%), hypertriglyceridemia (30.9%), and increased LDL-c levels (45%) had lower incidence rates in 184 Brazilian patients with HIV who received HAART at least for 5 years [101]. In another observation of 235 patients [100], elevated levels of LDL-c (18.1%), TC (28.5%), and TG (44.7%) were less prevalent than low levels of HDL-c (58.3%). Overall, epidemiologic estimations of metabolic illnesses are varied, since the measurements are influenced by many factors such as age, gender, gene differences, lifestyle habits, and ART.
2.3.2 Protease Inhibitors
The PI category is considered the most potent antiretroviral class to treat serum metabolic toxicities. Numerous research studies on the pathways, risk factors, and other issues have been conducted to help clinicians in the management of these health problems.
2.3.2.1 Mechanisms of PIs
A large number of PIs are involved in the pathogenesis of dyslipidemia, as confirmed by many studies, and some organs such as the liver are also involved in the pathways.

Dyslipidemia associated with administration of PIs is specifically dependent on the type of PI. Generally, among PIs, ritonavir is the major antiretroviral agent that causes dyslipidemia [74,102–105]. Multiple theories exist for the mechanism of PIs in the manifestation of dyslipidemia. The main effect of PIs is to prevent lipogenesis (the process that converts glucose to fatty acids) and adipocyte differentiation and to induce the lipolysis (the breakdown of fat) of subcutaneous fat in different mechanisms [106]. Carr et al. [107] postulated the first discovered mechanism, which is based on the similarity among the molecular structures of PIs and the catalytic region of HIV-1 protease, protein binding of retinoic acid cytoplasmic type I (CRABP-1—cellular retinoic acid binding protein 1), and LDL receptor-related protein (LRP). Two human body proteins—CRABP-1 and plasmatic lipoprotein lipase, which is an enzyme protein linked to the receptor for low-density lipoprotein (LDL-R)—are involved in this mechanism [1]. In general, these two proteins contribute to lipid metabolism through their connection to these receptors (LDL-R), which catalyze lipids. In a competition, PIs attach to CRABP-1, which reduces the activation of LDL-R, and thus the lipids cannot be broken down. As the result of the defect in lipid catabolism, a stream of lipids enters the blood circulation, leading to hyperlipidemia. LDL-R suppressions cause and worsen the hyperlipidemia grade and may result in central obesity, fat deposition in the breasts and neck, IR, and DM type 2 [107]. The second mechanism is related to the inhibitory effect of PIs on the activity of the plasmatic lipoprotein lipase. In general, this protein enzyme binds to the LDL-R, captures the chylomicron, and helps in the clearance of triglycerides in liver cells. PIs attach to the LRP in the vascular endothelial cells; thus, the interference of PIs with plasmatic lipoprotein lipase reduce the cleavage of fatty acids from the triglycerides in the bloodstream, damaging the uptake of hepatic chylomicrons and VLDL-c [15,107,108].

The third model is linked to the high level of VLDL-c production through increased lipogenesis in the liver [15]. PIs upsurge the levels of liver apolipoprotein B (Apo B), which is the primary component of chylomicrons, VLDL-c, and LDL-c. On the other hand, PIs mainly alter the genes of lipoprotein metabolism in fat and liver cells by modulating the expression of the genes that are related to the inflammatory cytokine and oxidative stress through increase in sterol regulatory element-binding proteins (SREBPs) and cytoplasmic retinoic-acid binding protein type 1 (CRABP-1) activities [63,109]. SREBPs are involved in cholesterol production as well in the uptake and biosynthesis of fatty acid. Consequently, all of these alterations and enhancements in the production of hepatic lipoproteins will increase TG production by the liver cells [110]. it is a well-known fact that hyperinsulinemia associated with PI use is also linked to high levels of TG and LDL-c and declines in HDL-c [111–116]. Thus, the PI-induced hyperglycemia, which leads to dyslipidemia, is the fourth mechanism. PIs deter the function of glucose transporter type 4 (GLUT4: the insulin-regulated glucose transporter), which transports glucose to cells, so that the uptake of glucose mediated by insulin in skeletal muscles and adipocytes is reduced [117–119]. The fifth and last mechanism can be explained through direct effects of PIs on the formation of messenger ribonucleic acid (mRNA), which is a fundamental enzyme in the TG biosynthetic pathway. PIs induce TG synthesis in the liver through upsurge in the construction of mRNA in hepatic cells, resulting in the accretion of TG particles [120,121].

2.3.2.2 Dyslipidemia and PIs
Associated risk factors for serum lipid instabilities have been reported, but dissimilarities in the clinical studies with regard to the studied population, methodology, and types of PI agents have caused variations in the risk factors for each component of dyslipidemia. Outcomes from a number of investigations among adult patients have shown the following risk factors for hypertriglyceridemia: male gender, older age (>36 years), higher body mass index (BMI), abdominal obesity, overweight or obesity, homosexuality, AIDS, higher CD4 cell count, and hypercholesterolemia and hypertriglyceridemia in baseline time (before the PI therapy) [81–83,122–125]. Risk predictors for high TG levels are still being debated. Some studies found that risk factors such as male gender, body weight, serum lipid concentration in baseline, and stage of HIV disease were not linked to elevated TG concentrations [46,59,126]. Increased BMI, waist circumference, and visceral fat are other risk factors for hyperlipidemia [82] that have direct associations with increased IR. First, insulin promotes adipocyte triglyceride stores by a number of mechanisms, including stimulation of glucose transport and triglyceride synthesis (lipogenesis), which cause further accumulation of triglyceride particles in fat cells and inhibit lipolysis in body tissue [127]. In addition, visceral fat can induce IR and hyperinsulinemia. Therefore, the significance of body fat location as abdominal fat (visceral fat) in inducing IR is still debated. Insulin forces fat cells to capture blood lipids and converts them to triglyceride particles. Lack of insulin and the presence of IR cause circulating blood lipids to be elevated. Second, an investigation by Schwarz et al. [128] hypothesized that insulin facilitates the entry of blood glucose into muscle, adipose, and several other tissues and also stimulates the liver to store glucose in the form of glycogen. Insulin disturbances induced by abdominal obesity cause excess blood glucose, which can be converted to triglyceride particles in the liver.

Some specific populations of PLHIV such as children or adolescents and pregnant women were of interest to researchers due to their unique situations. Dyslipidemia associated with ART use has been frequently observed in all age groups [64,66]. Older age is typically associated with an increased incidence of metabolic abnormalities and CVDs in the general population. In the HIV population, as an effect of advanced age, immunologic reaction to treatment with antiretroviral drugs will be a slower; thus, metabolic abnormalities will become more complicated as a result of the adverse influences of aging, ART, and immune impairments [66]. Adolescents and younger children are more susceptible to metabolic alterations compared with adults, since their organs are still developing and they are exposed to antiretroviral medications for a longer period [64]. Investigations into the associated metabolic side effects of anti-HIV medicines in children and adolescents with HIV are fewer than studies in adults. Some recent studies with a cross-sectional design found that children and adolescents on ART had a high rate of recurrence of dyslipidemia [129–131]. Also, in another multicenter study, children with HIV were diagnosed with the metabolic side effects of ART as elevated TG, reduced HDL-c, and IR [132]. A unique and well-designed prospective cohort study, conducted for the first time by the Pediatric AIDS Clinical Trials Group 219C, included a large cohort of children and adolescents with HIV with a 6-year follow-up (n=2,122). The results showed that 13% of the children and adolescents developed hypercholesterolemia during the follow-up period, with an incidence rate of 3.4 cases per 100 person-years. As an important finding, the hazard ratio (HR) of hyperlipidemia with PI use was 13.9, which showed a 14-times higher level of lipids. The other two groups in this study that received non-boosted PI and NNRTI had lower HRs (8.65 and 1.33) [133]. In another retrospective cohort investigation among the HIV-positive children, treatment with NRTI or PIs was accompanied by a significantly higher risk (HR: 3.45) of high TC levels (TC>200 mg/dL) compared with the NRTI/NNRTI (HR: 1.86) group [50]. Saquinavir, lopinavir, and ritonavir are recommended as the appropriate and safer preference for dyslipidemia prevention or when starting a second regimen when treatment with NRTI and NNRTIs regimens has failed. Two studies from the same population of Thai children [134,135] showed that with administration of saquinavir and lopinavir or ritonavir, the levels of TC and HDL-c increased significantly, with no upsurges in TG and LDL-c [134], but in another study with same PI agents, only the levels of TG and LDL were elevated significantly [135].

Gender differences in dyslipidemia has been an interesting topic of research. In some studies, the incidences of dyslipidemia were different between males and females [100,136,137]. Some studies have considered males to have a higher risk of dyslipidemia [81,100], whereas other studies have reported a higher risk for females [103]. In Brazil, prevalence of dyslipidemia were reported to be 69.8% and 30.2% in males and females, respectively [100]. This study found that having a family history of dyslipidemia and longer duration of ART were risk factors for dyslipidemia. In another study [136], serum levels of TG, LDL-c, fasting insulin levels, and the LDL-to-HDL ratio were found to be elevated only in females with HIV. Pregnancy, as an exceptional period in the lifespan of females, is associated with the extraordinary metabolic changes [138]. A trend of increasing incidence of hyperlipidemia and its severity was seen in an observational study among pregnant women who were using a combination of PIs and stavudine. With PIs, there was a gradual rise in TG and TC levels from the beginning to the end of the pregnancy [65]. Risk factors for each altered serum lipid may be dissimilar. The upsurge of serum HDL-c can be associated with the decline in HIV viral load [139]. This finding indicates that uncompleted and uncontrolled inflammatory activity can cause dyslipidemia [26]. Even in the presence of acceptable viral suppression and immune reconstruction, HDL-c levels are shown to be low during treatment with PIs. Prolonged activities of inflammatory indicators can be considered another potential risk factor during the course of HIV treatment.

The associated risk factors for hypercholesterolemia during treatment with PIs vary in different studies among adults. Some studies have reported an association between advanced age, higher BMI, and CD4 cell count and a high cholesterol level [46,79,81–83,140], whereas other investigations on PI therapy did not discover any relationship between PI-related hypercholesterolemia and other serum lipids in association with the duration of ART usage, gender, age, mean CD4, plasma viral load, weight, or BMI [126]. Serum lipid disorders manifest with most PIs, but these agents have different contributing effects in the development of the components of the lipid profile. In early experimental research studies, hyperlipidemia events were linked to a number of PIs such as saquinavir, indinavir, nelfinavir, and ritonavir [141,142]. The high TG levels were seen in patients on treatment with ritonavir–saquinavir or ritonavir–lopinavir (Kaletra) than in those on other regimens with nelfinavir, indinavir, and amprenavir [1,78,143–145]. The severity of the effects of PI-based drugs on TG and cholesterol level may vary. The dangerous alteration of TG plasma concentration (>1,000 mg/dL) is seen among those individuals who receive ritonavir-containing regimen, whereas a mild to moderate upsurge of cholesterol is observed with exposure to ritonavir and possibly nelfinavir [146–148]. Indinavir is reported to be the safest PI, since the risk of hypercholesterolemia and hypertriglyceridemia are lower than with other PIs [126]. In addition to the differences in manifestations and severity of dyslipidemia due to the variety of PI medications, the time of onset for lipid abnormalities also are not similar. Generally, after ART initiation, 3–12 months are needed for serum lipid irregularities to occur, but a hyperlipidemia event can be experienced earlier among ritonavir receivers [67,126,149]. There are various reports on the negative effects of long-term use of PIs on the lipid profile in the form of hyperlipidemia (TG, LDL-c) and low HDL-c levels [122,125,139,150,151].

Some studies among children with HIV have demonstrated that 70% of children prescribed ritonavir and around 50% of nelfinavir receivers had increased levels of serum lipid [152]. In other observations, enhancement in the lipid profile was seen when an antiretroviral regimen with atazanavir was replaced with the other PIs, which disturbed immunologic and virologic efficacy [65,153–155]. In a famous multicenter, prospective, observational study in 2007, which focused on the Adverse Events of Anti-HIV Drugs (DAD), data were collected from a large number (23,437) of HIV-positive individuals. The main aim of this study was to reveal any association between the use of PIs and the risk of myocardial infarction [156]. Later, in another investigation on a subgroups of this population (22,625), the DAD Study Group found that other than older age, male gender, high systolic blood pressure, smoking status, family history of sexually transmitted infections, and diabetes, PI use was linked to high TC level, low concentration of HDL-c, longer period of indinavir and lopinavir exposure, and current treatment with abacavir, which played a significant role in the manifestation of myocardial infarction [157].

With ART, the effects of dietary intake as an independent risk factor or protective factor are unclear. Moreover, some authors [158–161] have reported higher intake of dietary fat among PLHIV on ART. Some studies have proven the link between dietary intake and blood lipids, insulin, and glucose levels. In a long-term study in the United States [162] of individuals with HIV, who were treated with HAART, saturated fat intake was strongly associated with an increased serum concentration of TG. According to the study, those with HIV may consume higher amounts of saturated fat, and dietary saturated fat intake was associated with serum triglyceride concentrations [159]. Some studies, however, showed anomalous results. In an adult study, dyslipidemia was linked to a higher percentage protein intake [29], whereas lower intake of fat, sugar, fruits, and vegetables was seen in children with dyslipidemia [163]. Also, patients with less body fat deposits were found to have higher intake of dietary fiber and protein. Interestingly, some studies did not show the relationships or associations between metabolic abnormalities and dietary intake of energy and macronutrients [164], dietary intake of fat and energy [165], dietary fiber [166], and polyunsaturated fat [167], whereas they were linked to body fat redistribution [165]. Another study only showed that increased BMI and total body fat percentage were associated with a higher intake of dietary saturated fat [164]. These inconsistencies in reports may have been caused by the underreporting of dietary fat intake [29,168–170] by PLHIV. In conclusion, lipid irregularities have been linked most to HAART containing PIs.
2.3.3 Nucleoside Reverse-Transcriptase Inhibitors
Generally, NRTIs without the use of PIs have fewer metabolic adverse events such as high concentration of serum TG [171].
2.3.3.1 Mechanism of NRTIs
Mitochondrial dysfunction induced by NRTIs is considered the main mechanism of induced metabolic abnormalities [73,74,76]. It is assumed that mitochondrial dysfunction may be caused by the NRTIs’ effects, which are similar to those of PIs. Decline in lipogenesis and adipocyte differentiation in the subcutaneous fat layer may be considered some of the potential mechanisms that limit mitochondrial deoxyribonucleic acid (DNA) polymerase and, consequently, the attenuation of mitochondrial DNA. Increased fatty oxidation is a second possible pathway that has been shown to increase central visceral fat and the levels of fatty acids in blood, with a further increase in the oxidation of fatty acids [7,172].
2.3.3.2 Dyslipidemia and NRTIs
Some NRTIs have been associated with dyslipidemia. Stavudine use has been shown to be associated with atypical lipid conditions [26,65], but another studies showed that in the absence of PI use, a combination of two specific NRTIs, including tenofovir and lamivudine, resulted in lower values of LDL-c, TC, and TG compared with other combinations such as zidovudine–lamivudine, stavudine–lamivudine, or didanosine–lamivudine [173,174]. Among all NRTIs, tenofovir has an exclusive lipid-lowering action, particularly triglyceride levels, which cannot be seen in other antiretroviral agents [154,172]. As a strategy, switching from other NRTIs such as stavudine [65,175] to tenofovir is appropriate to reduce the degree of dyslipidemia and prevent CVDs [26] in adults, children [175], and pregnant women [65] without virologic and immunologic failures.
2.3.4 Non-nucleoside Reverse-Transcriptase Inhibitors
As increased HDL-c and reduced TC-to-HDL ratio are associated with most NNRTIs, they are considered the best option when metabolic abnormalities exist [176–178].
2.3.4.1 Mechanism of NNRTIs
Some NNRTIs have beneficial effects on lipid parameters, and some do not. NNRTIs may increase the HDL-c level and reduce the TG, TC, and LDL-c levels. Nevirapine may increase apolipoprotein A1, which elevates the HDL level [177]. Also, treatment with etravirine is associated with a lower degree of dyslipidemia compared with PIs [179,180] and even efavirenz [181]. Efavirenz-containing regimens may cause dyslipidemia and particularly increase the TG level. One theory about the effect of NNRTI is in relation to sterol regulatory element-binding protein-1c (SREBP-1c). NNRTIs stimulate a decline in the gene and protein expression of the lipogenic transcription factor SREBP-1. Efavirenz inhibits the accumulation TG in cells, but it delivers free fatty acids to cells through the strong inhibition of the SREBP-1c–dependent lipogenic pathway that might contribute to lipoatrophy [182].
2.3.4.2 Dyslipidemia and NNRTIs
The effects of the NNRTIs on the constituents of the lipid profile are controversial and different. Significant and positive effects of NNRTIs regimens are reported with regard to HDL-c values, as low HDL-c levels are frequently observed among PLHIV receiving or not receiving anti-HIV medicines. Similar to tenofovir, which belongs to the NRTIS class, nevirapine [183,184] has beneficial effects such as dyslipidemia reduction. Although therapy with tenofovir causes a drop in the TG amount, combination of nevirapine with other drugs in HAART regimens is more effective with regard to HDL-c levels. Some studies did not detect a low quantity of HDL-c during nevirapine use in cases where the HIV viral load was undetected and completely controlled [27]. Interestingly, some prospective observational studies among two different populations of HIV-positive adults [103,184,185] and children [174,186] observed totally opposite results. It appears that children benefit from therapies with NNRTIs, particularly efavirenz [186]. An adult study of 433 PLHIV [185] showed that the efavirenz (NNRTI) group and the ritonavir (PI) group had a significant upsurge in TC and TG concentrations, although the nevirapine group had the benefit of increased serum HDL-c levels [185]. The effect of the combination of NNRTIs with NRTIs, PI, or both on lipid profile may diminish the beneficial effects of NNRTIs on TC but is the opposite for the HDL level [187]. In contrast to the recent findings in adults by Williams et al. [185], a previous study among children by Viganò et al. [175] demonstrated the positive influence of efavirenz on the lipid profile when used instead of PIs [154]. Also, in another study conducted among HIV-positive children by Aurpibul et al. [186], initiation of NRTIs (HARRT regimens with nevirapine or efavirenz, in combination with lamivudine and stavudine) had a positive effect in the form of a significant improvement in HDL-c concentrations.
2.3.5 Dyslipidemia and Integrase Inhibitor and CCR Antagonist
Similar to the NNRTI class, raltegravir (integrase inhibitor) has been shown to distress the serum lipid profile slightly [188], even less than efavirenz [189]. The observations in this study showed that serum TG concentration was reduced from the baseline level among patients who were treated with raltegravir [189], and those who were switched from PIs to raltegravir had better lipid profile conditions [190]. Maraviroc (MVC), which is a chemokine receptor-5 antagonist, also seems to be a safe option for the prevention of hyperlipidemia, since it has no significant undesirable effects on TG, TC, and LDL-c levels compared with efavirenz which causes modest upsurges in the values of all lipid indicators [191].
2.3.6 Glucose Metabolism
Most of the adverse effects of the antiretroviral classes in relation to glucose hemostasis involve the PI group, whereas NRTIs agents are much less involved. There are no significant reports about NNRTIs or other antiretroviral classes.
2.3.6.1 Epidemiology
Hyperglycemia and IR began to be noticed in patients taking PIs [67,192,193]. Compared with dyslipidemia, blood glucose irregularities in PI receivers have been estimated to be less than 20% for hyperglycemia and 1% to –7% per year for diabetes mellitus [193–195]. It seems that each class of antiretroviral drugs has disparate effects, mechanisms, and power with regard to insulin and glucose irregularities. Separate studies have been conducted on the diabetogenic effects of PIs in both genders. In a valuable cohort investigation, the incidences of diabetes mellitus per year among 1,785 women in the United States were 2.8% among PI users, 1.2% among both groups of NRTI or NNRTI receivers and ART-naïve women with HIV and 1.4% in healthy women without HIV [196]. In another study among 179 older Spanish persons with HIV (age≥70 years) in 2008, hyperglycemia and diabetes cases totaled 30% of studied population [197]. In a follow-up study in Brazil, 8% and 20% of subjects were hyperglycemic (glucose>110 mg/dL) at baseline and during follow-up, respectively [198]. Also, in the PI class, each agent is unique in terms of severity of glucose imbalance. Some observations have confirmed the potent and fast effect of indinavir on glucose instability. With the use of indinavir, some patients developed diabetes mellitus, but fortunately, switching to nelfinavir reversed the glucose levels to normal [67]. Based on the disparate types of PIs, a rate of 6% is reported for hyperglycemia occurrence (fasting glucose levels>126 mg/dL) after 6 months of continuous use of lopinavir–ritonavir, where baseline hyperglycemia was common among 5% of individuals [199]. In one comparative study between indinavir and lopinavir–ritonavir, 17% of healthy volunteers without HIV showed IR and elevated FPG after 4 weeks of indinavir use [200], whereas lopinavir–ritonavir did not change these two metabolic levels significantly, although a degree of IGT was seen with it.
2.3.6.2 Studies on Glucose Metabolism
Indinavir is diabetogenic medication, which was used in the early years of HIV treatment; clinicians now prefer to use PIs such as nelfinavir [67]. Three published studies in 2004 [200–202] focused on the metabolic effect of PIs, particularly atazanavir, which was the new antiretroviral in 2000. A 4 weeks of lopinavir–ritonavir use in HIV-naïve men revealed that 83% had elevated VLDL-c and TG levels and free fatty acid cholesterol metabolism, and a less negative influence was seen on glucose metabolism and IR at the study end point [200]. One randomized, double-blind, crossover study [201] examined the effect of atazanavir versus lopinavir–ritonavir and placebo on insulin-stimulated glucose disposal rate in healthy subjects. The researchers found that the lopinavir–ritonavir group showed a reduction in IR through improvements in glucose storage and insulin-stimulated glucose disposal rates, whereas the atazanavir and placebo groups did not induce insulin resistant. When combined with a low dose of ritonavir, atazanavir may alleviate the metabolic adverse effect of ritonavir. In an in vitro experiment on the mouse or rat [202], different concentrations of atazanavir and ritonavir were tested, and it was observed that GLUT4-mediated glucose uptake was not inhibited with a low dose of ritonavir.
2.3.6.3 Mechanism of Antiretroviral Drugs on Glucose Metabolism
IR, impaired insulin sensitivity, and glucose disorders were more frequent and more severe with most of the PI-containing regimens than with the NRTI class. The dissimilarities in the pathways through which various PIs cause IR indicate that PI-induced IR mechanisms are exclusive for each PI agent. Moreover, many human tissues and organs, including adipose tissue, β-cells (pancreas), skeletal muscle, and liver, are involved through various pathways exclusively. Some in vitro studies have demonstrated that indinavir, amprenavir, and ritonavir, through adipocytes, stop insulin-stimulated, GLUT4-mediated glucose uptake [203,204]. In fact, PIs such as ritonavir, nelfinavir, and saquinavir can damage and cause the death (apoptosis) of β-cells (insulin producer), which leads to peripheral IR and hyperglycemia [204]. Indeed, β-cells might work improperly during intravenous infusion of indinavir, which may cause impairment of glucose sensing and release of glucose-stimulated insulin [205]. Remarkably, PIs have a straight and negative effect on insulin production in the pancreas with nelfinavir [206] or upsurges of insulin concentrations and the insulin-to-glucose ratio during treatment with indinavir [207]. It is suggested that nelfinavir can diminish insulin-mediated recruitment of protein kinase B and protein kinase C-zeta to plasma membrane in adipocytes which has incidental interference with GLUT4-mediated glucose metabolism in adipocytes [208]. One of the pathways through which PIs induce IR is by raising the free fatty acid levels, which results from reduced clearance of TG [209]. Insulin sensitivity and resistance can be reversed by lowering the levels of free fatty acids in the bloodstream through inhibition of lipolysis [210]. Also, skeletal muscle cells may have difficulties with glucose absorption, since it is proven that indinavir impedes glucose transport to these cells [211]. Hep G2 hepatoma cells in the liver can be affected by indinavir, which may reduce insulin-stimulated glycogen synthesis in these cells [212]. The liver in HIV-positive patients with diabetes who are receiving PIs can produce higher amounts of enzymes such as alanine transaminase, which is an indicator of IR [213]. Transformation of proinsulin to insulin may be obstructed or decreased by PIs through inhibition of a specific pancreatic enzyme, aspartate endopeptidase, which is responsible for the conversion of proinsulin to insulin [205,214].

Overall, as in the case of dyslipidemia, NRTIs and NNRTIs are less harmful choices compared with PIs. IR can be detected in patients treated with only NRTIs [55,214–218] if adiponectin production (hypoadiponectinemia), which advances insulin sensitivity, is observed [214,215]. Adiponectin deals with the bioprocess of fatty acids and glucose by way of intensifying transportation or oxidation of free fatty acids and obstruction of hepatic glucose output [218]. Before PIs were introduced, didanosine was the cause of glucose hemostasis disorder through its pancreatic effects [219–221]. With regard to safety, NNRITs can be considered the proper treatment option in those PLHIV at risk for or with preexisting IR or diabetes, since there are no serious reports on severe adverse effects of NNRTIs. A few studies such as that by Pujari et al. [97] have reported that treatment with zidovudine and d4T in a combination of NRTIs and NNRTIs without PIs increases the risk of elevated glucose levels. Other non-antiretroviral factors for IR include increased serum TNF as inflammatory reactions [222], bigger waist and thigh circumferences, higher amount of visceral fat, and peripheral lipoatrophy [223,224] in patients HIV and lipodystrophy. Similarly, Meininger et al. [225] demonstrated that increased waist circumference is associated with fasting hyperinsulinemia (as predictor of elevated plasma glucose). Also, low levels of testosterone prevalent among 30% of men with HIV may increase the risk of IR [226], as testosterone is a vital modulator of insulin sensitivity in men [227].
2.4 Conclusion

Metabolic abnormalities are common among patients with HIV who are receiving ART or not. The patterns of metabolic disorders are different in the presence or absence of HIV medicines. The frequent reductions in the levels of HDL-c, TC, and LDL-care reported in HIV-naïve patients, whereas ART causes hyperlipidemia as raised levels of LDL-c. Serum TG concentrations are elevated in the course of HIV infection and even after initiation of HAART. Hypoglycemia or hyperglycemia is associated with HIV infection, whereas IR, hyperglycemia, and diabetes are typically associated with PI-containing regimens. With regard to particular PI agents, indinavir and lopinavir induce the most severe and frequent hypercholesterolemia, hypertriglyceridemia, elevated LDL-c, and reduced HDL-c. Hyperglycemia and diabetes also mostly seen with PIs, particularly indinavir. In the NRTI class, hypertriglyceridemia is observed more with regimens containing didanosine, stavudine, and nevirapine. Other classes of antiretroviral medications have less negative influences on metabolic parameters. The control of HIV infection, the inflammation associated with it, close monitoring, and correction of impairment of related hormones such as thyroid, withholding of narcotic drugs, adherence to a healthy lifestyle (diet and exercises) are important in the treatment of metabolic abnormalities. The close monitoring of blood metabolic para-meters before and during administration of antiretroviral medications is vital to prevent unhealthy conditions such as CVDs, which become more complicated in the presence of HIV infection.
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Many effects of certain amounts of dietary fat intake are well known, and it is possible that it can play a major role in acquired immune deficiency syndrome (AIDS). AIDS is the final stage of human immunodeficiency virus (HIV) infection, which causes extreme damage to the immune system. There is no cure for HIV/AIDS, and the most common and most effective form of treatment is known as active antiretroviral therapy (ART). This therapy combines two or three different drugs and aims to reduce the viral load by lowering the number of active viruses. Specifically, highly active antiretroviral therapy (HAART) is the most common treatment because it combines more types of drugs for a better approach. Although this treatment can be very effective, it can have some side effects such as dyslipidemia, insulin resistance, and altered fat distribution. Dyslipidemia, which tends to be the worst problem, is characterized by an abnormal amount of lipids in blood. Hyperlipidemia, or an elevation of lipids in blood, is the usual side effect of HAART. Diet can help reduce the lipid levels in people with HAART-related hyperlipidemia and can help make HAART more effective and thus increase the chance that the patient will be cured of HIV/AIDS.
Keywords
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3.1 Introduction

3.1.1 Dietary Fat Intake in Health
Most foods that we as humans eat contain fat. However, there are many different kinds of fat with different effects on health. Dietary fat can play a role in a variety of diseases such as cardiovascular disease, type 2 diabetes, obesity, and cancer [1]. Dietary fat can be categorized into two groups of fat: healthy and harmful. Thus, it is thought that by eating more of the healthier fats and less of the harmful fats, one can avoid certain health problems.

Harmful fats include saturated fat and trans fat. Saturated fat tends to include fat derived from meats and full-fat dairy products. Typically, this type of fat will raise blood cholesterol levels as well as the amount of low-density lipoprotein (LDL) cholesterol, which is a bad type of cholesterol. High amounts of LDL cholesterol are associated with a higher risk of cardiovascular disease. Saturated fat, in general, may also be associated with type 2 diabetes. Trans fat occurs naturally in some types of foods. However, the trans fat that is included in today’s foods is usually created from oils in a process known as partial hydrogenation. Trans fat is also known to increase the amount of LDL cholesterol in blood and lower the amount of high-density lipoprotein (HDL) cholesterol, the exact opposite of what is desired. Higher LDL cholesterol can also increase the risk of cardiovascular disease. Since both trans and saturated fats tend to be solid at room temperature, they are also known as solid fats.

Healthier fats include any types of fat that is unsaturated. The three types of unsaturated or healthy fats include monounsaturated fats (MUFAs), polyunsaturated fats (PUFAs), and omega-3 fatty acids, which are a form of PUFAs. MUFAs improve the levels of cholesterol in blood and are found in a large variety of foods. Since MUFAs can improve the levels of cholesterol, they can decrease the risk of cardiovascular disease and can also help control insulin levels, thus helping those with type 2 diabetes. PUFAs are usually found in plant-based foods and can also improve blood cholesterol levels. They, too, can decrease the risk of cardiovascular disease and type 2 diabetes. Finally, omega-3 fatty acids are a type of PUFA that may be extremely beneficial to the heart. They seem to decrease the risk of coronary heart disease, control irregular heartbeats, and even help control hypertension (high blood pressure). Omega-3 fatty acids can be consumed from plant sources or from fish, but the human body is better able to breakdown the omega fatty acids from fish. In contrast to saturated fats, MUFAs usually remain in the liquid state at room temperature.
3.1.2 Human Immunodeficiency Virus/Acquired Immune Deficiency Syndrome
Human immunodeficiency virus (HIV) can cause an infection, which progresses to acquired immune deficiency syndrome (AIDS). HIV infection can destroy a person’s entire immune system, making it harder to fight off subsequent infections of any kind. Once the immune system is completely weakened or destroyed, the person is said to have AIDS. A person with AIDS is extremely susceptible to any infection, since without a working immune system, any condition can be life-threatening. Furthermore, the virus stays inside the body for life.

There are multiple ways that the virus can be transmitted. It can be spread through any form of sexual contact; through infusion of contaminated blood such as through blood transfusion or needle sharing; and from a mother to her child, since the pregnant woman can transmit the HIV virus to the fetus through their shared blood. It is important to be aware that HIV cannot be spread through blood or organ donation, since all the procedures used are sterile and the donor is never actually in contact with the person receiving the blood or organs. However, since an infected donor can spread HIV or other infections, blood banks and organ donor programs perform a thorough screening of the donors [2].


Once a person is infected by HIV, the virus can be found almost everywhere in the body. Symptoms of HIV infection when a person is first infected are similar to those of the flu. They include diarrhea, fever, headaches, night sweats, a sore throat, and swollen lymph glands. However, many people do not have any symptoms when first diagnosed with HIV. Acute HIV infection will progress over months to become asymptomatic HIV infection. During this time, the person still has the virus and can spread it to others but will not experience any symptoms. This stage can last up to 10 years or longer. Without treatment, the infection will eventually progress to AIDS, and the person becomes extremely susceptible to opportunistic infections (infections that people with a healthy immune system do not get). Some infected persons, referred to as nonprogressors, will not develop AIDS or the disease will develop very slowly. It is thought that the nonprogressors have a gene that prevents the virus from completely destroying their immune system; however, this gene has not been identified yet.

Currently, there is no cure for AIDS, but treatments that can make the symptoms more manageable are available. Antiretroviral therapy (ART) is used to slow down the replication of HIV in the body. A combination of these antiretroviral drugs, also known as highly active antiretroviral therapy (HAART), reduces the amount of HIV in the body, which helps maintain the function of the immune system. Generally, HAART includes a regimen of two to three drugs such as nucleoside transcriptase inhibitors (NRTIs), protease inhibitors (PIs), and non-nucleoside reverse transcriptase inhibitors (NNRTIs), which perform various tasks. However, persons on ART/HAART can still transmit the virus to others. Treatment is considered to have failed if HIV develops resistance to ART, which is usually the case when the patient does not adhere to a strict schedule of medication. However, with increasing knowledge about HIV/AIDS through research, effective tests have been developed to identify HIV strains that are resistant to certain drugs. The goal of ART or HAART is to increase the CD4 count (helper T cells) and boost the immune system so that it can suppress the virus to the extent that it can no longer be detected. Side effects of ART drugs include the risk of a heart attack resulting from increased levels of cholesterol and sugar in blood [3].
3.2 Dietary Fat Intake: A Role in HIV/AIDS
HAART has had a good success rate in improving the long-term life of patients infected with HIV. However, HAART is also associated with a number of metabolic complications such as dyslipidemia, insulin resistance, and altered fat distribution [4,5].


The intake of the different types of dietary fat can play a role in the severity and duration of HIV/AIDS. The levels of serum lipids are affected significantly, depending on the amount of dietary saturated fats and cholesterol consumed. Generally, one of the side effects of HAART is dyslipidemia, which is characterized as an abnormal amount of lipids (cholesterol or fat) in blood. Specifically, HAART results in a form of dyslipidemia known as hyperlipidemia, which is an elevation of lipid levels in blood. Both hypercholesterolemia and hypertriglyceridemia are part of this hyperlipidemia. For HAART to be beneficial and effective, the patient should try to keep his or her lipid levels under control to avoid hyperlipidemia, as hyperlipidemia can cause further complications in a patient with HIV/AIDS.
3.3 Dietary Fat Intake and HIV/AIDS: Clinical Trials
To better understand the metabolic abnormalities that occur in patients with HIV who are receiving HAART, a study was done to evaluate dietary intake and its relationship to lipid parameters in patients with HIV who had metabolic abnormalities [6]. Data on micronutrient intake were collected from 1998 to 2005 from 356 patients with HIV, who were participating in various metabolic studies at the Massachusetts General Hospital, and 162 HIV-negative persons were randomly chosen from the surrounding community. Selected patients who were receiving ART were required to follow a regimen of drugs for at least 6 weeks before they were evaluated for the study. Exclusion criteria were as follows: a history of diabetes mellitus, concurrent therapy with insulin, antidiabetic agents, glucocorticoids, growth hormone, supraphysiologic testosterone replacement, or anabolic steroids; current substance abusers; history of a major opportunistic infection within 6 weeks prior to the study; and pregnancy or breast-feeding within the past year. Controls were HIV-negative individuals, who were required to have no history of diabetes mellitus. For both the HIV-negative and HIV-positive groups, baseline data were obtained before the study.

All the participants were studied after an overnight fast of 12 h. Everyone had a complete medical history, which included documentation of any previous antiretrovirals and the starting date of the most current HAART regimen. Height and weight were measured, in addition to circumferences of the hip and waist, which were then used to calculate the waist-to-hip ratio (WHR). Participants of the study also underwent total-body dual-energy X-ray absorptiometry to determine total body fat as well as regional body fat measurements [7]. Cross-sectional abdominal computed tomography scans were performed to assess the distribution of subcutaneous fat and visceral fat [8]. Resting energy expenditure and respiratory quotient were measured for 20 min by indirect calorimetry after 30 min of rest for the participants. Later, they also received a standard 75-g oral glucose tolerance test.

Subsequently, nutrient intake data (including alcohol intake) were collected in 4-day records (3 weekdays and 1 weekend) in 320 HIV-positive patients and 108 controls. Complete blood count, CD4 cell count, HIV viral load, and fasting concentrations of glucose, insulin, cholesterol, HDL cholesterol, and triglycerides were determined as well [6]. Study subjects included 356 HIV-positive patients (197 men, 159 women) and 162 HIV-negative persons (73 men, 89 women). From the US Department of Agriculture (USDA) Recommended Dietary Guidelines for total fat, saturated fat, and cholesterol, the percentage of HIV-positive patients and HIV-negative persons exceeding the recommended levels was determined, as an indicator of whether the dietary habits were poor or not. The percentage was significantly higher than the guidelines in the HIV-positive group compared with controls for intake of saturated fat (76.0% versus 60.9%) and cholesterol (49.7 versus 37.9%). No significant differences were seen in dietary carbohydrate, protein, MUFA, and PUFA intake between the HIV-positive and HIV-negative groups. Furthermore, the HIV-positive participants were seen as having a higher total cholesterol, higher triglyceride, and lower HDL levels compared with the control individuals. However, body mass index and waist circumference were not any different between the two groups, whereas hip circumference was lower and WHR was higher in the HIV-positive individuals than in the controls. There were no significant differences in visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) between the two groups, but there was an increase in the VAT/SAT ratio and trunk to extremity ratio and a decrease in total extremity fat. Finally, the summed up results showed that the relationships between saturated fat or total fat and triglyceride levels were not changed significantly even with the use of lipid-lowering medications. Furthermore, although there were small differences in dietary intake over a period, time did not have a significant effect on the relationship between saturated fat or total fat and triglyceride levels.

Diet is considered a useful means to control lipid levels in patients with HIV who are on HAART. It is moderately effective at reducing lipid levels HAART-related dyslipidemia and is preferred because it avoids the risk of toxicity of any lipid-lowering drugs that could also be used in this context. Furthermore, there is a concern that these lipid-lowering drugs may have negative interactions with the drugs that are part of the HAART regimen; thus, nonpharmacologic interventions such as diet and exercise are preferred as the first line of intervention. In a study at the Instituto de Salud Carlos III and the Universidad Autonoma de Madrid in Madrid evaluated the changes in cholesterol and triglyceride levels after prescribing a diet that was aimed at lowering lipid levels in blood. The study showed that the levels decreased significantly in patients who were complying well with the new diet. Specifically, the reduction in triglyceride levels was greater than in cholesterol levels, and patients whose HAART regimen included protease-inhibitors experienced an even further decrease in lipid levels compared with the rest. The reason for this study was the concern that many patients with HIV who were on HAART would eventually experience a series of premature vascular events, specifically myocardial infarction. Also, hypertriglyceridemia has been reported to contribute to the development of pancreatitis.

The efficacy of the low-fat diet on cholesterol and triglyceride levels was studied in a group of 230 HIV-positive patients who were on HAART and had dyslipidemia. Specifically, only subjects with hypercholesterolemia (cholesterol>200 mg/dL) or hypertriglyceridemia (triglycerides>200 mg/dL) were prescribed a diet aimed at lowering lipid levels and followed up for 3 and 6 months. None of these 230 patients received any drugs for dyslipidemia, and the HAART regimens stayed exactly the same. Fasting lipid levels, lipid variation (as a percentage), and nutritional status (both weight and serum albumin) were recorded longitudinally. Out of the 230 patients, 40% had hypercholesterolemia, 7% had hypertriglyceridemia, and 53% had both.

Of the study subjects, 58 (36%) and 32 (45%) patients reported a good compliance with prescribed diet at 3 and 6 months, respectively. Furthermore, there was, in fact, a reduction in lipid levels compared with the baseline in patients who reported good compliance. The reductions for cholesterol at 3 and 6 months were 11% (n = 58) and 10% (n = 28), respectively; for triglycerides, the reductions were 12% (n = 31) and 23% (n = 20) at 3 and 6 months, respectively. In subjects who did not report good compliance with the diet, cholesterol levels decreased by 1% (n = 92) and 2% (n = 35), at 3 and 6 months, respectively, whereas triglyceride levels reduced by 1% (n = 66) and 9% (n = 21), at 3 and 6 months, respectively. Patients whose HAART regimen included a PI experienced an even greater decrease in lipid levels in response to the diet. Cholesterol and triglyceride levels decreased by 13% and 15% after 3 months (n = 48) and decreased by 22% and 49% at 6 months (n = 17) in patients on a PI. However, patients not on a PI had reductions in cholesterol and triglyceride levels by 8% and 7% after 3 months (n = 41) and 3% and 8% after 6 months (n = 31), respectively.

The Madrid study concluded that the diet is quite effective in individuals with mild or moderate dyslipidemia, with greater changes occurring in triglyceride levels than in cholesterol levels. Although the benefit of diet on cholesterol levels was less apparent normally, the reductions became clearer in patients who took PIs as well [9].

3.4 Conclusion
Although it is known that patients with HIV who are on a HAART regimen experience a number of metabolic abnormalities such as dyslipidemia, altered fat distribution, and insulin resistance, no study has clearly shown that low-fat diets help reduce HAART-related dyslipidemia and thus make HAART much more effective. There is some evidence to support this; however, and more randomized clinical trials will need to be performed for a longer period to find out exactly what the benefits are.
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Zoonotic infection with simian immunodeficiency viruses is an initial step for human immunodeficiency virus (HIV) infection afflicting the human population worldwide. At the beginning of the 1990s, The Global Program on AIDS at the World Health Organization (WHO) predicted that by the year 2000, 40 million people would have been infected by HIV. The latest data show a large decrease in the incidence of HIV infection, and HIV/AIDS is considered a chronic disease. HIV infection is responsible for immune system dysfunction, leading to the clinical state called immunocompromised state. Initiation of a tumor formation is a well-defined outcome of an incorrectly functioning immune system, in normal conditions, and is responsible for cancer immunosurveillance. AIDS-defining cancers are precisely determined malignant diseases (Kaposi sarcoma, aggressive non-Hodgkin lymphoma, and cervical cancer) frequently detected in HIV-positive persons. Non–AIDS-defining cancers (NADCs) appear to be a rapidly growing group of malignant diseases associated with the chronic nature of HIV infection. NADCs include HPV-dependent cancers, lung cancer, and others. It seems that mycotoxins (aflatoxins, ochratoxin, trichothecenes, zearalenone, and others) constitute a group of naturally occurring carcinogens that can stimulate faster cancer formation and cooperatively can function with HIV in sustaining the immunocompromised state in patients.
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4.1 Epidemiology of Human Immunodeficiency Virus Infection
Human immunodeficiency virus (HIV) infection has been linked to zoonotic infections with simian immunodeficiency viruses from African primates, and indigenous inhabitants hunting wild animals were probably the first to be infected by HIV. Since the beginning of the 1980s when acquired immune deficiency syndrome (AIDS) was identified, most diagnosed cases have been reported from the Americas, Europe, and Africa. Most of the cases in Asia, at that time, were classified as having resulting from the use of imported contaminated blood products. But this determination was based on the little information available on homosexual practices and other social phenomena not carefully investigated in Asia. HIV infection was defined as a pandemic, and the scale of the HIV pandemic has reached all expected values, counting from the first cases of AIDS. In 1991, The Global Program on AIDS at the World Health Organization (WHO) predicted that by the year 2000, HIV cases would reach 40 million globally [1]. In 2012, it was reported that the number of persons living with HIV infection amounted to approximately 35.3 million. The number of AIDS-related deaths have, however, clearly decreased in spite of the increase in HIV prevalence as the result of increasing numbers of patients receiving antiretroviral therapy (ART) which offers longer survival [2].


The latest data have shown a large decrease in the incidence of HIV infection since 2001, possibly as the outcome of scientific advances in HIV prevention and the success of ART. The positive gains in 26 countries (16 countries in sub-Saharan Africa), between 2001 and 2012, have resulted in a 50% reduction in new infections. However, 1.6 million new infections occurred in sub-Saharan Africa and 2.3 million globally in 2012 [3]. Combination of preventive procedures is considered an effective method to achieve the maximum benefit with regard to population-level HIV transmission. Moreover, ART should be offered to a population of approximately 15 million people by the year 2015 not only as a lifesaving measure but also to prevent the spread of HIV infection. Interventions with combination prevention predominantly focus on population health outcomes rather than on individual health outcomes. The main goal of this effort is to reduce HIV infections from a pandemic level to a low level. Microepidemics, levels of transmission, and risk groups populations vary from country to country.

A large heterogeneity in the levels of HIV prevalence and incidence exists within geographic regions and by age, gender, and risky behaviors. The 12 countries with the highest prevalence are responsible for 40% cases of estimated new infections in 2012 at the global scale [3]. Combination prevention embraces different activities such as changing risky behaviors, use of condoms, voluntary medical circumcision (leading to reduction in female-to-male transmission of HIV by 60%), pre-exposure prophylaxis, prevention of mother-to-child transmission, harm reduction (a package needles exchange), and ART [4–6]. One of the active factors in prevention is any kind of food that has active chemical substances that are potentially harmful in the context of HIV infection and development of cancer. A group of chemical compounds referred to as mycotoxins could be considered active factors in carcinogenesis, independently or dependently of HIV infection. However, data with regard to these compounds are lacking.
4.2 Pathophysiology of HIV Infection with Immune Interference
HIV, which was first identified by laboratories in France and the United States, is biologically closely related to a chimpanzee virus. HIV actively attacks key cells of the immune system, rendering it unable to defend the body from serious and opportunistic infections and cancer. Basic science has made it possible to create a model of the HIV infection cycle. The mechanisms regulating the HIV infection cycle are presented in Table 4.1. Although the main target of HIV is activated CD4 T cells, other cells bearing CD4 marker molecule and chemokine receptors (CCR5, CXCR4) are also infected. Among the infected cells are T cells, macrophages, dendritic cells, astrocytes, and epithelial cells in the kidneys [7,8]. Predominant immune cells are highly exposed to HIV by cell–cell adhesions called virologic synapses. A quantitative analysis of HIV transfer across T cell virologic synapses was performed with 3D video microscopy with the continuous time lapse [9].


Table 4.1

HIV infection cycle: molecular mechanisms





	Process
	Molecular executor
	Biologic effect




	Attachment
	[image: ent] gp120
[image: ent] CD4


	HIV particles bind through gp120 molecule to CD4 on the surfaces of immune cells, macrophages, and T cells, along with chemokine co-receptors CCR5 and CXCR4


	Replication
	[image: ent] Reverse transcriptase


	Reverse transcriptase catalyzes the synthesis of DNA copies of the viral RNA. Further the host cell synthesizes a complementary strand of DNA


	Synthesis of both HIV RNA and HIV proteins
	[image: ent] Host cell transcription and translation mechanisms


	Host cell products with its transcriptional and translational mechanisms, HIV RNA molecules, and HIV proteins


	Release of HIV particles
	[image: ent] Host cell membrane mechanisms
[image: ent] Exocytosis in macrophages
[image: ent] Membrane rupture in T cells


	HIV particles with biologic infection potential







[image: Image]



Abbreviations: gp 120, glycoprotein 120 daltons; CD4, luster of differentiation 4.



The syndrome of cognitive and motor disturbances, often diagnosed after infection with HIV, is also referred to as HIV-associated dementia. Although HIV infects macrophages and microglia, neurons are affected in the form of injury that prompted their death by apoptosis. The neuronal injury is indirect through the release of various toxins produced by macrophages, microglia, and astrocytes. However, evidence supports the notion that neurons could be injured by various viral proteins, including Tat, Nef, Vpr, and envelope proteins gp120 and gp41 [10,11]. The HIV Tat (transactivator of transcription) gene encodes a 14 kilodalton (kDa) protein that is a key activator of HIV transcription. The Tat protein consists of two domains: cell penetrating peptide and transduction domain. This protein has been shown to deliver cargoes into cells in culture and in vivo [12,13]. Resveratrol, which is a natural product induced in plants by the activity of different stressors, shows cancer chemoprotective properties. One of the molecular mechanisms that is responsible for anticancer activity relies on the activation of Sirtuins1 (SIRT1), a biologically important redox modulator, which attenuates the activation of transcription of the Tat protein, primarily playing crucial role in HIV-1 infection [14].

The rapid depletion of CD4 T cells observed after HIV infection is the result of elimination by direct infection. Following early infection by HIV, CD4 T cells recover to almost normal concentrations but slowly decrease to 50–100 cells per microliter (cells/µL). In the gastrointestinal (GI) tract, T cells are massively depleted with minimum recovery following ART. The permanent depletion of T cells in the GI tract leads to enhanced GI tract permeability of lipopolysaccharides, which are well-known products of bacteria [15–18].

The transmission of HIV particles is followed by rapid replication, with host response expressed in the form of high induction of inflammatory cytokines and chemokines, and this kind of infection is the opposite of infection with hepatitis B or hepatitis C virus. The direct effects of HIV infection stimulate Toll-like receptors (TLR7 and TLR8) expressed on dendritic cells, which, in turn, produce interferon-α. Lipopolysaccharides are potent activators of the production of many proinflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α) [19–21].
4.3 Development of Cancer in a Patient with HIV
A number of malignant diseases occur in patients with HIV and are called AIDS-defining cancers (ADCs). This category of malignant diseases includes Kaposi sarcoma, primary central nervous system (CNS) lymphoma, non-Hodgkin lymphoma, and cervical cancer. Epidemiologic evidence has shown the decline of ADCs after the introduction of ART. ADCs are still of clinical relevance in patients with HIV even more than in the general population. Moreover, the survival of people newly infected with HIV and are receiving ART is long enough that non–AIDS-defining cancers (NADCs) such as lung, liver, and anal cancers and melanoma also occur and are clinically significant. The increasing longevity of patients with HIV is the greatest risk factor for NADCs but the presence of this factor itself does not fully explain the trends in cancer epidemiology [22].

Burnet and Thomas proposed the theory that malignant clones of cells arise constantly but are finally rejected by an intact host immune system [23,24]. The two investigators stated that “there is little ground for optimism about cancer” and “the greatest trouble with the idea of immunosurveillance is that it cannot be shown to exist in experimental animals” [25]. The role of the immune system in the effective control of cancer has been postulated in past, but remains a controversy due to the lack of experimental methods. Paul Ehrlich [26] proposed the concept that the immune system is a critical factor in controlling and protecting the host from cancer. Ehrlich’s concept has remained viable since the beginning of the twentieth century. Any impairment of the immune system may lead to uncontrolled cell proliferation, which results in the formation of a tumor.

The understanding of the basic etiologic mechanisms of certain tumors should help anticipate the proliferation of tumors in immunocompromised states, including those of patients with HIV. Cancer immunosurveillance has a dual function: control of tumor quantity and tumor quality (immunogenicity). The activity of immune selection favors the development of less immunogenic tumors, which escape recognition through the immune system. However, cancer immunoediting is defined as a dynamic process composed of three phases: elimination, equilibrium, and escape. The elimination phase is closely related to the original hypothesis of immunosurveillance, in which the innate immune system works to eradicate the developing tumor. In the equilibrium phase, some the tumor cells that have survived the elimination phase cause the development of cancer cells. Finally, when most of the intrinsic and extrinsic factors of tumor suppression have not fulfilled their control functions, distinct cancer cells in the escape phase cause the formation of the tumor. This phase can occur at the level of the tumor cell and at the level of the tumor microenvironment [27–29].

Populations with HIV are at risk to be diagnosed with various cancers classified as ADCs or NADCs. The latter group of malignant diseases includes not only cancers of the lung and liver and melanoma but also human papillomavirus (HPV)–associated cancers of the anus, cervix, pharynx, penis, vagina, and vulva. Many reasons have been postulated for the occurrence of HIV-associated cancers, but the crucial mechanisms responsible for an increased risk of cancer remain poorly defined. Traditional cancer risk factors—smoking, alcohol use, and co-infection with oncogenic viruses—seem to play an important role in carcinogenesis in patients with HIV [30,31].

The collection of recent results suggests that activated inflammatory and coagulation pathways may also be involved in cancer formation in people with HIV. A rise in plasma levels of D-dimer, IL-6, and cross-reactive protein (CRP) have been associated with a significantly higher incidence of cancer [32]. Activated inflammation and coagulation pathways are associated with increased cancer risk during HIV infection. The higher levels of IL-6 were associated with a hazard ratio of 1.38 (P<0.001). This association was stronger for IL-6, even after exclusion of the early phase of malignant disease. Although higher levels of CRP and D-dimer were also associated with increased cancer risk, only IL-6 remained associated with cancer risk when all biomarkers were considered simultaneously [33]. Biomarkers that have been investigated for cancers in patients with HIV include a number of CD4 T cells, proteins belonging to cytokines, receptor-derived proteins, immunoglobulins, viral nucleic AIDS (HIV, Epstein-Barr virus [EBV], Kaposi sarcoma–associated herpes virus [KSHV]), and polymorphism of various genes. Changes in CD4 T cell count are associated with primary CNS lymphoma, systemic non-Hodgkin lymphoma, Kaposi sarcoma, and cervical and anal cancers. Cytokines and related molecules are considered risk factors for the development of non-Hodgkin lymphoma. EBV and KSHV have not been fully investigated but are considered important markers of risk for either lymphoma or Kaposi sarcoma [34].

The role of diagnostic procedures is crucial for the early detection of certain malignant diseases to plan and execute the proper treatment. Patients with HIV and cancer have worse chances of survival in comparison with the HIV-negative population. Suneja et al. [35]. performed an analysis of 3,045 HIV-positive patients and 1,087,648 patients with cancer but without HIV infection. These authors focused on adult cases of non-Hodgkin lymphoma, Hodgkin lymphoma, and cancers of cervix, lung, anus, prostate, colorectum, or breast diagnosed from 1996 to 2010. Patients with HIV did not receive anticancer treatment for diffuse large B-cell lymphoma (adjusted odds ratio [aOR] 1.67; 95% confidence interval [CI] 1.41–1.99), lung cancer (2.18; 1.80–2.64), Hodgkin lymphoma (1.77; 1.33–2.37), prostate cancer (1.79; 1.31–2.46), colorectal cancer (2.27; 1.38–3.72). The authors of this study also stated that HIV infection had been associated with lack of a standard treatment modality for lymphomas, non–small-cell lung cancer, and colon cancer.

Eradication of the HIV infection is vital for the long-term survival of patients, but despite treatment with ART, HIV has been confirmed to persist in cells. This process of latent infection with HIV in spite of decades of treatment may be responsible for the persistent proliferation of not only immune system cells but also others. Recent results have supported the notion that proliferation of latently infected cells may be a pivotal factor in sustaining a durable viral reservoir. The latent infection of HIV in CD4 T cells relies on a viral genome integrated into the host cells. Molecular analyses performed by two American teams revealed the distribution of sites of proviral integration in the human genome. Enriched proviruses were located near a set of cellular genes that encode proteins playing role in the cell division cycle or cancer progression. Disruption of these genes may lead to growth promotion, even uncontrolled growth, which is a hallmark of the cancer cell. Both research teams identified 534 HIV integration sites and 63 adjacent HIV env sequences derived from three study participants after ART that lasted from 11.3 to 12.7 years, and 2,410 integration sites in the peripheral blood lymphocytes of five infected patients after many years of ART, respectively [36,37]. The results of genomic investigation of HIV integration sites provide an important clue to the expansion and persistence of infected cells in patients [36–38]. Genomic investigation should provide new data to determine the direct association between HIV infection at the molecular level and the precisely defined molecular mechanisms rendering activation genes that are responsible for the stimulation of uncontrolled proliferation, which is well-known process involved in the development of a tumor and its progression to the next stages of a malignant disease.
4.4 Patients with HIV and ADCS
HIV infection poses an increased risk of developing a number of malignant diseases. ADCs that occur in patients with HIV include Kaposi sarcoma, aggressive non-Hodgkin lymphoma, and invasive cervical cancer. ADCs have very high relative risk (RR) of various malignant conditions; Kaposi sarcoma has an RR of 310.2; aggressive non-Hodgkin lymphoma 112.9; and invasive cervical cancer 2.9 [39]. Therefore, the RR of Kaposi sarcoma is clearly higher in patients with HIV in comparison with the general population. The overall greater frequency of non-Hodgkin lymphoma among patients with HIV in comparison with the HIV-negative population has also been supported in the literature. There are conflicting data with regard to the frequency of cervical cancer, but cervical intraepithelial neoplasia appears to be more difficult to control [40].

Kaposi sarcoma was first described in the nineteenth century. In spite of identical histologic features, this neoplasm could have different clinical presentations. Classic Kaposi sarcoma cases are seen mostly among older men of Jewish or Italian descent. The tumor affects the lower extremities and has an indolent clinical course with a 15-year survival. African (endemic) Kaposi sarcoma is more aggressive than the classic form of this malignant disease. Young adults from Central Africa developed Kaposi sarcoma in the lower extremities, with the tumor invading the underlying bone. Prognosis is 5–8 years of survival. African (endemic) Kaposi sarcoma sometimes presents as generalized lymphadenopathy and is rapidly fatal. This aggressive form of Kaposi sarcoma resembles African Burkitt lymphoma. Epidemic Kaposi sarcoma is associated with HIV infection. It is estimated that approximately 25% of all patients with AIDS have been reported to be diagnosed with Kaposi sarcoma. Iatrogenic Kaposi sarcoma has been diagnosed in patients who underwent transplantation and required immunosuppressive therapy [41].

Proliferating Kaposi sarcoma spindle cells are of endothelial origin. Infection with KSHV also known as human herpes virus 8 reprograms the endothelial cells to form lymphatic-like endothelium with upregulated lymphatic vessel endothelial receptor 1, podoplanin, and vascular endothelial growth factor receptor 3 [42,43]. KSHV infection alone appears to be insufficient for the development of Kaposi sarcoma. Therefore, it seems that host immune dysfunction and local inflammatory microenvironment changes are additional factors that, to some degree, facilitate the development and further progression of Kaposi sarcoma. Many KSHV gene products (LANA-1 or LNA-1, both nuclear antigens) are responsible for latency of infection. The KSHV genome has a gene-encoding viral homolog for a cellular cyclin D (vCyc), which actively regulates infected cell proliferation [44,45]. Kaposi sarcoma accompanies one fourth of the population of patients with HIV. The incidence of this ADC has dramatically decreased in North America and Europe in the era of highly active antiretroviral therapy (HAART). Unfortunately, despite this therapeutic success, Kaposi sarcoma remains the second most frequent tumor in patients with HIV worldwide, and it is still the most common cancer in sub-Saharan Africa [46,47].

Lymphomas that develop in the HIV-positive population are predominantly diagnosed as aggressive B-cell malignancies. Several histologic types of lymphoma are found to occur in patients with HIV, namely, Burkitt lymphoma and diffuse large B-cell lymphoma, and a small percentage of malignancies include primary effusion lymphoma, solid variants of lymphoma associated with KSHV-related multicentric Castleman disease, and plasmoblastic lymphoma of the oral cavity type. The relative frequencies of the various types of lymphomas are 50% for diffuse large B-cell lymphoma, 40% for Burkitt lymphoma, and 10% for others. The variety of HIV-associated lymphomas primary depend on the viral co-infections with EBV or KSHV [48,49]. Immune dysregulation, with somatic hypermutation and loss of T-cell functions against viruses such as EBV and KSHV, is the main mechanism responsible for HIV-associated lymphomas. EBV is found in all cases of primary CNS lymphomas, in 50% of diffuse large B-cell lymphomas, and only 20% of HIV-associated Burkitt lymphomas. However, KSHV seems to be a pathogenic factor for 100% of primary effusion lymphoma and also in all cases of plasmoblastic lymphomas linked with HIV infection [50].

The GI presentation of lymphoma in patients with HIV is diffuse large B-cell lymphoma, which in 75% of cases involves the stomach and the duodenum. Therefore, lymphoma should be the diagnosis in patients with HIV who have abdominal pain, diarrhea, and nausea with GI bleeding, supported by endoscopic evaluation of the GI tube [51]. The CNS is affected in patients with HIV in the form of leptomeningeal disease, in 20% of patients with aggressive B-cell lymphoma, especially in the pre-HAART era. The CNS harbors lymphoma cells that will later cause recurrence of the cancer. Recent evidence has shown significantly less frequent leptomeningeal involvement in patients with HIV who are receiving HAART and a decline in the risk of recurrence in the CNS, as in from the general population with aggressive B-cell lymphoma [52–54].

Approximately 291 million women worldwide carry HPV in their DNA. The HPV family constitutes a large group of viruses that can infect the genital tract and cervix, as well as the anus. HPV has a nonenveloped capsid structure, containing a genome of circular, double-strand DNA. The genome has the coding capacity for the capsid proteins (L1, L2) and at least six proteins called early proteins (E1, E2, E4, E5, E6, E7), which are necessary for the replication of the viral DNA and for the proper structure of newly produced virus particles within infected cells. This viral family is classified into genotypes and subtypes on the basis of DNA homology. Different HPV genotypes are associated with different diseases. Types 1, 2, and 4 cause common and plantar warts. Types 5 and 8 are predominantly associated with epidermodysplasia verruciformis. Types 6 and 11 cause mostly anogenital condylomata and laryngeal papilloma. Types 16, 18, and 31 are described as oncogenic genotypes that play a crucial role in cervical intraepithelial neoplasia and have been detected in 80–90% of such cases [55,56].

Cervical cancer is the second most common malignant disease in women globally. Since the 1970s, following early results, Harald zur Hausen, a Nobel Prize winner, started the next phase of research on persistent infection by one of the 15 genotypes of carcinogenic HPV; his work supported the notion that HPV viruses are the main cause of most, if not all, cervical cancers in women. Typically, within 10–15 years, persistent infections lead to precancerous states. Cervical cancer develops over many years, with a peak in risk at about 35–55 years of age. Patients with HIV are especially susceptible to cervical cancer. The prevalence of cervical intraepithelial neoplasia has been reported in 11–29% of women with HIV in comparison with 4–13% in HIV-negative women. A fivefold increase in squamous intraepithelial lesions, vulvovaginal condylomata, and anal changes has been seen in women with HIV compared with those not infected [57–60].
4.5 HIV-Infected Patients with NADCS
Sociologically, HIV infection is considered a pandemic event that afflicts humans all around the globe. In the mid-1990s, the health outcomes of people with HIV improved substantially due to the introduction of combination ART. However, the longer survival of these patients has led to the development of diseases with a longer latency period, as in neoplastic diseases. Therapeutic efforts against HIV infection have thus been directed toward ADCs such as Kaposi sarcoma and aggressive non-Hodgkin lymphoma, and epidemiologic evidence indicates a decrease in their incidences. But the incidence of NADCs has rapidly increased among patients with HIV. From 1991 through 1995 to 2001 through 2005, NADCs have increased threefold [61,62].

In continuation of the discussion in Section 4.4, it is important to point out the burden of HPV-dependent cancers other than cervical cancer. Molecular analyses have demonstrated a kind of cooperation among HIV, EBV, and KSHV infections in the pathogenesis of human malignancies [63]. The success of HAART has significantly decreased the frequency of ADCs. However, the cooperative interaction between EBV and HPV causes the initiation of lymphoproliferative disorders [64]. Another very important factor that plays a crucial role in the development of cancer is the functional deficiency of the immune system. A meta-analysis published by Grulich et al. [65] showed that in seven studies of people with HIV/AIDS (n = 444,172) and five of transplant recipients (n = 31,977), in 20 out of 28 types of cancers, a significantly increased incidence was observed in both populations. However, the similarity of the pattern of increased risk of cancer in both populations suggests that immune deficiency is mainly responsible for the increased risk compared with other factors. NADCs are a fast-growing group of malignant diseases afflicting patients with HIV who are now treated in the chronic phase. HPV-dependent cancers include cancers of penis, vulva, vagina, mouth and oropharynx, and anus [66].

NADCs seem to be relevant clinical entities that are on the increase. However, anal cancer was considered a rare malignant disease mostly diagnosed in older women. Epidemiologic investigations have provided data showing the rise of anal cancer in the US population, especially among those with HIV. By 2004, the number of anal cancer cases increased by 30%, and 80% of diagnosed tumors were of squamous cell carcinoma origin [67]. The success of HAART in people with HIV is not reflected in the subset of patients with HIV and anal cancer, and the incidence is not slowing. The US Natural Prospective Study (1985–2008) revealed that the number of HIV-positive males with anal cancer increased fivefold from 11 cancer cases (per 100,000 person-year) in the pre-HAART era to 55 in the HAART era (P = 0.02). Additionally, incidence rates continued to increase to 128 per 100,000 person-year in the period from 2006 to 2008 [68]. Increasing incidence of anal cancer due to HPV infection is encountered in 90% of cases. Therefore, vaccinating patients with HIV against HPV seems to be an obvious need. [69].

Lung cancer has been a challenge for the medical community because of the poor overall survival rates. The epidemiologic factors that have influenced the carcinogenesis of the lung in the general population are well established. Most epidemiologic studies use standardized incidence ratios to compare lung cancer incidence in the HIV-infected population with the expected incidence in the general population. The values of standardized incidence ratios range from 0.7 to 6.59 in the post-HAART era. Although lung cancer is the most common NADC, most studies in the HIV-infected population were limited by the small numbers of cases and the precision of the estimations was also limited [70].

The use of HAART has significantly reduced the risk of ADCs, but its effect on lung cancer risk has been less clear. Some studies suggested an elevated risk of lung cancer in HIV, but some failed to show this relationship. Moreover, some data suggest that HAART itself can be a causative factor for carcinogenesis because of direct oncogenic activity. On the cellular level, zidovudine and didanosine have been shown to stimulate mutagenesis in vitro. Coexposure to both drugs potentiated zidovudine–DNA incorporation with mutagenic responses but at concentrations 3–30 times the peak plasma seen in patients [71]. Other mechanisms that may regulate carcinogenic changes that lead to clinically relevant lung tumor include genomic instability and microsatellite alterations. Unfortunately, little is known about the putative molecular effects of these alterations [72].

The proposed mechanisms that link HIV infection to lung cancer include smoking, intravenous drug use, immunodeficiency with low CD4+T cells, pulmonary inflammation, age, and gender. Smoking appears to be an independent risk factor in the development of lung cancer in patients with HIV. Intravenous drug users with HIV are in the group (6.2) with higher risk for lung cancer development. Depletion of CD4+T cells (<500 cells/µL) is not clear as the risk factor for the development of lung cancer. This value of the risk factor ranges from 2.7 to 3.8 in patients with HIV. Chronic inflammation, very often caused by smoking, has been recognized as an important factor in lung cancer. The risk factor for lung cancer was higher at 1.63 in patients with HIV who were suffering from recurrent pneumonia. Typically, lung cancer is diagnosed in people at age 70 years, but in patients with HIV, the time of diagnosis is placed at age 50 years. Lung cancer incidence appears to be higher among men with HIV than among women with HIV [73].

The results of various studies have shown that NADCs constitute a real challenge for different specializations in experimental and clinical medicine. Longer survival of patients with HIV will probably be more frequently seen in general oncology units. We can observe an inverted trend in the incidence of NADCs in the post-HAART era. Therefore, other factors not yet known should be of clinical relevance in this special population of patients confirmed to be HIV positive. One topic, not studied closely yet, is concerned with food containing natural products with mycotoxins. Only scant data are available with regard to the role of mycotoxins in the development of cancer in patients with HIV.

4.6 Mycotoxins in Patients with HIV
Population health is strongly influenced by social and environmental factors. Socioeconomic and environmental factors include income; employment; the quality and quantity of food; and access to pure air, water, and soil without exposure to harmful agents. Agriculture is essential for good health for the production of appropriate food, fiber, and materials originating from medicinal plants. The links between agriculture and health is bi-directional; in some instances, interaction occurs between agriculture and health, and in some instances, health influences agriculture [74]. In agriculture, efforts toward achieving animal health and human health are integrated in order to avoid epidemics such as avian influenza or a pandemic of HIV/AIDS. Healthy conditions can influence global public well-being, and perfect cooperation can be established by using the following three steps: The first step involves identification of key health conditions and risks, diseases, and groups of diseases that are associated with agriculture. The second step is establishing how agriculture is associated with these health conditions. This step involves establishing proper agricultural procedures at the time of food production, taking into consideration not only the outputs (food, fiber, medicinal plants) but also the producers (farmers) and agricultural systems. The third step is the identification of the relationships between the agricultural supply chain and the different health conditions [75].

Mycotoxins are chemical compounds of fungal origin and are produced as secondary metabolites by many strains of fungi. These chemical compounds contaminate various food products and agriculture crops. Among fungi Aspergillus sp., Fusarium sp., and Penicillium sp. are known to be the major mycotoxin-producing organisms. The list of mycotoxins is very long, but the most important are aflatoxin, ochratoxin, trichothecenes with T-2 mycotoxin, fumonisins, deoxynivalenol, and nivalenol. Environmental conditions such as poor hygienic practices during transportation and storage of crops and food and high temperature and moisture resulting from heavy rains are predisposing factors for mycotoxin production by fungi. These conditions are common in the African countries. Food mycotoxins are a great concern not only in Africa but also in other parts of the world. The impact of such toxins on human health, farming, and economy is extremely important and requires serious discussion. Mycotoxins are ubiquitous in the agricultural products and foods in the African countries. In various chemical compounds, mycotoxins produced by fungi are present in concentrations ranging from 0.2 to 4,222 parts per billion (ppb). Therefore, control of mycotoxins is a matter of importance not only for health but also for the economies in the African countries [76].

Mycotoxins are low-molecular substances that commonly contaminate animal feed as well as human food. The sources of mycotoxins in sub-Saharan Africa are toxigenic fungi present in foods such as maize, groundnuts, cereals, and others. Exposure to mycotoxins causes impaired immunity, with decreased resistance to the infectious diseases that are common in Africa. Biomonitoring of human exposure to mycotoxin has been performed bioanalysis of urine from adults living in various parts of Africa. This has resulted in determining the tolerable daily intake level of mycotoxins at the population level [77–79].

Aflatoxins are well known as a causative factor in liver cancer. Toxicologic evidence suggests that chronic exposure to aflatoxins compromises immunity. Epidemiologic investigations have determined that aflatoxins are a common contaminant of food, especially in developing countries. Dietary products such as rice, corn, cassava, nuts, peanuts, chilies, and other spices, which are commonly used in many developing countries, are often contaminated by aflatoxins. The allowed level of aflatoxin in foods is 4–30 ppb, depending on the country [80]. Experimental investigations on aflatoxicosis have shown that animals are more or less tolerant to this mycotoxin. Rabbits and ducks have a low (0.3 mg/kg) median lethal dose, whereas chickens (18 mg/kg) and rats have greater tolerance. The symptoms of severe aflatoxicosis include hemorrhagic necrosis of the liver, bile duct proliferation, edema, and lethargy [81].

As mentioned above, aflatoxin is recognized as a causative factor in liver cancer, but it is also a causative factor in lung cancer, especially in workers chronically exposed to grain contaminated by aflatoxin. The risk of liver cancer is increased by deletion of mutations in the p53 tumor-suppressing gene. As aflatoxin is a well-established Class 1 carcinogen, attempts have been made to regulate the levels of this toxin to very low concentrations of less than 20 ppb in grains, 0.5 ppb in milk in the United States, and less than 4 ppb in some European countries [80,82,83].

The incidence of liver cancer is higher in Asia, with over 20 cases per 100,000 population; for instance, the rates are 99 per 100,000 in Mongolia, 49 per 100,000 in Korea, 29 per 100,000 in Japan, and 35 per 100,000 in China [84]. The results of the recent epidemiologic studies conducted in some developed countries have shown a steadily rising incidence of liver cancer [85]. The major risk factor for the development of liver cancer is cirrhosis of the liver. Other biologic risk factors for liver cancer include hepatitis B, hepatitis C, metabolic disturbance linked to diabetes, nonalcoholic fatty liver disease, hemochromatosis, immune-related primary biliary cirrhosis, and autoimmune hepatitis, as well as toxic factors such as alcohol intake and aflatoxin exposure [85].

Patients with HIV have a more aggressive course of chronic hepatitis C disease, which leads to cirrhosis and liver failure within a short period. A high HIV viral load along with high aflatoxin-albumin adduct levels contribute to abnormal liver function in patients with HIV [86]. It is hypothesized that in Africa, consumption of food contaminated by mycotoxins has a strong correlation with the incidence of HIV infection and cancer rates, but data to support this hypothesis are limited. WHO socioeconomic data on the causes of death in sub-Saharan Africa, including Gross Domestic Product per Capita and the percentage of Muslims, were used to test the this hypothesis. HIV and esophageal cancer deaths were significantly related to maize and inversely related to the percentage of Muslims and rice intake. HIV infections were minimized by the combination of low maize consumption and the higher-than-median percentage of Muslims. Liver cancer deaths were positively related to rice but were negatively related to maize consumption. The relationship between cancer and food suggests that contamination by fumonisin in maize, rather than aflatoxin, is a likely factor in the incidence of HIV [87]. Cooperative interaction between aflatoxin and HIV causes immune suppression and many people with HIV, especially in developing countries, are chronically exposed to aflatoxin and other mycotoxins through their diets [88]. Other mycotoxins that are potential causative factors in the development of liver cancer and esophageal cancer in people with steadily progressing HIV infection are briefly presented in Table 4.2.


Table 4.2

Chemical and biologic characterization of naturally occurring mycotoxins





	Mycotoxin
	Chemistry and molecular subtypes
	Fungi producing mycotoxin
	Occurrence in natural products and food
	Carcinogenesis and other pathologies
	References




	Aflatoxin
	[image: ent] Aflatoxin B1
[image: ent] Aflatoxin B2
[image: ent] Aflatoxin G1
[image: ent] Aflatoxin G2
[image: ent] Aflatoxin M1
[image: ent] Aflatoxin M2
[image: ent] Aflatoxin Q1
[image: ent] Aflatoxicol


	[image: ent] Aspergillus flavus
[image: ent] Aspergillus parasiticus


	[image: ent] Corn
[image: ent] Peanuts
[image: ent] Nut seeds
[image: ent] Peanut butter


	[image: ent] Liver cancer
[image: ent] Hepatic necrosis
[image: ent] Cirrhosis


	[89–91]


	Ochratoxin
	[image: ent] Phenylalanine-derivatives
[image: ent] Ochratoxin A
[image: ent] Ochratoxin B
[image: ent] Ochratoxin C


	[image: ent] Aspergillus carbonarius
[image: ent] Aspergillus niger
[image: ent] Penicillium verrucosum


	[image: ent] Green coffee beans
[image: ent] Wine grapes
[image: ent] Dried grapes
[image: ent] Grains
[image: ent] Pork


	[image: ent] Liver cancer
[image: ent] Transitional cell urinary tract cancers
[image: ent] Renal adenoma


	[92–94]


	Trichothecenes
	[image: ent] Sesquiterpenes
[image: ent] T-2 mycotoxin
[image: ent] Fumonisin B1
[image: ent] Fumonisin B2
[image: ent] Deoxynivalenol (vomitoxin)


	[image: ent] Fusarium graminearum
[image: ent] Fusarium sporotrichoides
[image: ent] Fusarium poae
[image: ent] Fusarium equiseti
[image: ent] Stachybotrys chartarum


	[image: ent] Barley
[image: ent] Maize
[image: ent] Safflower seeds
[image: ent] Wheat
[image: ent] Oats
[image: ent] Rye
[image: ent] Cereals


	[image: ent] Alimentary toxic aleukia
[image: ent] Leukoencephalomalacia in horses
[image: ent] Esophageal cancer
[image: ent] Hepatotoxicity
[image: ent] Nephrotoxicity


	[95–99]


	Zearalenone
	[image: ent] Estrogenic metabolite


	[image: ent] Fusarium sp.
[image: ent] Gibberella sp.


	[image: ent] Maize
[image: ent] Barley
[image: ent] Oats
[image: ent] Wheat
[image: ent] Rice


	[image: ent] Infertility in swine
[image: ent] Abortion in swine


	[100,101]
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Chapter 5
Effects of Omega-3 Fatty Acids on Body Composition and Health in HIV/AIDS During HAART Therapy
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Human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) has affected people on a global basis. It has been shown that dietary fats may play a role in the parthenogenesis of the infection and disease progression. By examining the effects of saturated, unsaturated, and omega-3 fatty acids on HIV infection, it was found that HIV infection could be halted with the consumption of these dietary fats. The virus can be then further immobilized with prolonged antiretroviral therapy and clinical sessions. Dietary fats have the ability to reduce problems related to body composition and health in persons with HIV.
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5.1 Introduction
Acquired immunodeficiency syndrome (AIDS) is a disease that attacks the human immune system [1]. It is one of the most serious global health problems and is one of the biggest global pandemics in history. By the end of 2010, an estimated 34 million people were living with HIV worldwide, including 3.4 million children 15 years or younger [1]. There were also 2.7 million new HIV infections in 2010, which included 290,000 among children less than 15 years of age [2].

The number of people who die from this disease varies from one country to another [3]. The continuing increase in the incidence of HIV/AIDS in many developing countries suggests that no significant lifestyle changes have been made as a preventive measure. Evidence does indicate that although morbidity and mortality from HIV/AIDS have decreased significantly in the past few years, the disease remains a major problem in developing countries [4]. The major challenge that faces people who are living with HIV/AIDS is where to begin making changes in lifestyle in order to increase the quality of life [3]. It is becoming clearer that the upsurge in the incidence of HIV/AIDS in developing countries is associated with high levels of poverty [5], as well as risky sexual behavior, which cause widespread transmission of disease in these countries. Along with sexually transmitted infections [6], sexual attitudes and behaviors have been noted to be responsible for the increase in the incidence of HIV/AIDS. The modes of transmission and spread of the infection vary, depending on region, age group that is mainly infected, and geography [3].

HIV/AIDS has been shown to be a very important cause of morbidity and mortality worldwide [3]. The consequences of this disease are immense, especially in countries that are still developing or are not stable enough to establish significant strategies for its control.
5.2 Signs and Symptoms
The three primary stages of HIV infection are acute infection, clinical latency, and AIDS [7]. Acute infection (also known as primary infection) has certain primary symptoms as found in the infected patients [7]. The main signs and symptoms for this stage of HIV are fever, malaise, myalgia, rash, sore throat, and so on [7]. The duration of these symptoms differs from patient to patient, but the span ranges from 1 to 2 weeks. In this stage, the symptoms are nonspecific and are therefore not recognized as signs of HIV infection [7]. It has been recommended by doctors and other professionals that HIV/AIDS should be the primary diagnostic consideration if there are spontaneous and unexplained signs of fever in persons who have risk factors for acute HIV infection [8].

The initial symptoms manifest in the acute infection stage, and this is followed by clinical latency. The clinical latency stage is also called asymptomatic or chronic HIV infection [8]. The duration of this stage of the HIV infection can last from 3 to 20 years without treatment [9]. Statistically, this stage has been noted to last, on average, for about 8 years [9]. At the beginning of this stage, no symptoms are evident in the patient, but near the end of the stage, patients often present with spontaneous fever, weight loss, and muscle cramps, as well as gastrointestinal (GI) problems [8].

In the last stage, the patient’s infection has progressed to what is referred to as full-blown AIDS. HIV/AIDS is defined in terms of the number of CD4+T cells, or the spread of diseases similar to HIV/AIDS. Without proper treatment, half the patients with HIV develop AIDS 10 years into the infection [8]. The most common conditions that occur in the beginning of this last stage are respiratory tract infections and other similar issues. Other infections that can occur may be caused by parasites, bacteria, fungi, and viruses that maintain control of the immune system for patients [10].

5.3 Transmission
HIV/AIDS is transmitted in three main ways: sexual interaction, contact with body fluids, and from mother to child during pregnancy, breastfeeding, and so on [11]. The majority of transmission of HIV has occurred via blood transfusion [11]. HIV/AIDS is transmitted frequently through sexual contact with an infected person [10]. The stage of HIV infection is significant with regard to transmission because it poses a grave risk of infecting the fetus during pregnancy [12]. If the person with HIV is in the late stages of the infection, the risk of transmission is higher [13].

The second most frequent way HIV transmission occurs is through blood transfusion [11]. This mode of transmission can occur through needle-sharing during drug use, needle stick injury, transfusion with contaminated blood, medical injections that are not sterile, and so on. The third most common way HIV is transmitted on a worldwide basis is during pregnancy, delivery, or breast-feeding [11].
5.4 Correlation of Dietary Fats and HIV
Dietary fats are a wide array of compounds that are a subset of lipids [14]. They are significant fats and oils, which deliver calories and significant fatty acids to the body [15]. Dietary fats are important sources of fat-soluble vitamins A, D, E, and K. Saturated fatty acids and trans fatty acids are considered unhealthy components, whereas monounsaturated fatty acids and polyunsaturated fatty acids are considered beneficial components [15].

Proper nutrition and exercise interventions can be very effective in minimizing the symptoms of the HIV infection [16]. Patients with HIV have a higher rate of cardiovascular disease (CVD) compared with uninfected subjects. Patients with HIV are more susceptible to CVD because of a mixture of traditional risk factors, HIV-related inflammation, and the adverse effects of antiretroviral therapy (ART) [16]. For individuals with HIV who suffer from malnutrition and food insecurity, nutritional supplements have been shown to be effective if given in the correct amounts. HIV populations that are found to be at a higher risk of CVD and other similar disorders are those with increased metabolic demands, such as pregnant and lactating women, children, and those with active infections. In many developing nations, supplements can be given to patients with HIV in adequate amounts in order to analyze dietary fat absorption [16]. This has the additional benefit of alleviating symptoms that the patients will eventually experience. Supplementation with foods should be cost-effective and have the potential to improve the patient’s nutritional state, prevent weight loss, and lessen HIV symptoms [17].

Food insecurity causes major nutritional issues for patients with HIV and has severe physical, social, and economic implications with regard to the patient’s ability to meet his or her appropriate dietary needs [17]. Dietary fats are principally synthetic compounds that inhibit the production of omega-3 fatty acids [18]. Dietary guidelines established in the past 30 years recommend limiting the consumption of total fat and saturated fat in order to reduce the risk of a number of chronic diseases [19]. Dietary fat serves a variety of functions in the human body [19]. Several studies have shown the importance of dietary fats for both mother and child; for example, maternal energy deficiency results in low-birth-weight babies. These studies have also found that during pregnancy, a diet that provides adequate energy, with 30% of energy coming from fat, promotes normal growth and normal sexual maturation of the fetus [19].

The correlation between dietary intake of specific fat types, especially unsaturated fats, and the risk of chronic diseases are still unclear [20]. Low-fat, high-carbohydrate diets have been considered ideal to reduce the risk of several chronic diseases, as low intake of saturated and total overall fat tends to lower cholesterol levels [21]. Low-fat, high-carbohydrate diets are also shown to reduce the high-density lipoprotein cholesterol levels and raise the fasting levels of triglycerides [22]. Low levels of high-density lipoproteins and high levels of triglycerides have been shown as independent high-risk factors. Saturated fats and unsaturated trans unhydrogenated fats have clear beneficial effects on blood lipids. This is an alternative strategy for reducing the risk of many chronic diseases [22].

The allocation of body fats has been acknowledged as a significant factor in patients with HIV [23]. One of the key considerations with regard to the correlation of HIV infection and dietary fats is obesity. Obesity trends is more prevalent among women than among men. Patients with HIV treated with protease inhibitors have shown an accumulation of fat, as well as lipodystrophy, especially in women [24].

The redistribution of body fat in patients with HIV is influenced by many factors [25]. A patients’ exposure to protease inhibitors and reverse transcriptase inhibitors has recently been indicated as a morphologic abnormality [26]. Protein, fiber, fruit, and vegetable intake did not make a significant difference with regard to the infection. Previous studies have also shown that a fiber-rich diet is negatively correlated with overall fat deposition in patients with HIV [27]. Dietary practices such as fiber intake are not primary causes of morphologic abnormalities it may be indirectly related to abnormalities through metabolic disturbances that lead to issues with abdominal fat [27].
5.5 Diagnosis and Treatment
The number of people who are newly infected with HIV/AIDS every year has declined by 20% from the global epidemic peak in 1998 [1]. The decrease in the number of patients with HIV/AIDS is attributed to the remarkable effects of diagnostics and therapies [1]. The advances in diagnostic programs and technologies have resulted in high specificity, sensitivity, and accuracy in identifying and monitoring the disease course in the patient. HIV testing has played a key role in HIV prevention, which has led to both individual and public benefits [28]. The timeliness and accuracy of diagnosis are important for public health, as it helps control the high rates of infection and transmission of HIV. The benefits of HIV testing are correlated with the care and treatment of individuals with HIV, which results in a substantial reduction in adverse health outcomes and a higher life expectancy [28].

A great deal of technologic and diagnostic advances in the past few decades have helped with the development of cost-effective and accurate tests for the detection of pathogens [1]. There is a growing demand from the global health community for more efficient diagnostics for HIV/AIDS without decreasing the quality of patient care [29]. High-quality diagnostics are needed to maintain HIV prevention efforts in resource-limited settings, especially in developing counties [29]. Early detection and treatment of the disease can be achieved by efficient use of diagnostic methods. Simple and low-cost techniques and technologies that help in early diagnosis of the infection in developing countries are important subjects for current research and health care throughout the developing world [29].
5.6 Antiretroviral Therapy
Major advances in the medical management of HIV infection has been in the area of therapy with antiretroviral drugs [30]. Antiretroviral drugs have been shown to suppress the replication of HIV-1 to levels that make the virus untraceable. The discovery of HIV-1 as the agent of AIDS has aided in the efforts toward formulating specific pharmacologic agents to fight the virus [30].

Very few antiretroviral treatment options were available for treating HIV-1 infection [31]. Clinically, the focus of HIV-1 treatment was fighting the common opportunistic pathogens that caused AIDS-related symptoms. However, HIV-1 infection treatment was changed by the end of the twentieth century by the development of reverse transcriptase and protease inhibitors. This development was vital because it gave two of the three essential enzymes of HIV-1 for the inhibition to be possible [31].

With antiretroviral therapy (ART), which reduces the viral load in individuals with HIV, the incidence of AIDS has decreased on a global basis [32]. However, ART has severe complications and has a high risk of development of chronic diseases such as insulin resistance, CAD, renal diseases, lipodystrophy, and dyslipidemia [32].


Patients with HIV experience premature or accelerated aging, with early onset of many of the comorbidities that come with aging [33]. Among patients with the HIV, the standard process of aging correlates to increased visceral and subcutaneous fat, reduction of muscle mass and strength, and loss of bone mass density [34]. The changes in body composition caused by HIV infection and the complications of ART mimic the issues of normal aging, as well as low lean body mass, accumulation of visceral adipose tissue, and loss of bone mass density [34]. Physical impairments associated with aging are found in patients with HIV, especially in middle-aged patients [35]. Such problems arise when patients with HIV undergo somatopause, which leads to a gradual decrease in growth hormones [36]. The change in body composition eventually leads to premature aging and functional impairment.
5.7 Glucose Tolerance Overview
Patients with HIV who are receiving highly active antiretroviral therapy (HAART) have numerous chronic metabolic disorders of multifactorial but unclear etiology [37]. Since the introduction of HAART in the mid-1990s, the mortality rate of HIV/AIDS has decreased considerably [37]. HIV/AIDS has now become a chronic illness for many patients on HAART. With the increased survival of patients, a number of consequences of chronic illnesses have now emerged, especially in the form of metabolic diseases [37]. The main indicators of metabolic disease are defects in lipid metabolism, with or without associated fat lipodystrophy [38]. Another indicator is insulin resistance resulting from defects in fat metabolism [38]. This correlation is found with an increased frequency of glucose intolerance.
5.8 Saturated Fatty Acids and HIV/AIDS
Fats in the diet are able to produce metabolic effects that share fat content, fatty acid composition, timing, and individual variation [39]. Fatty acids are essential for membrane synthesis, modifications of proteins and carbohydrates, construction of various structural elements in cells and tissues, and assembly of signaling compounds [39]. In the absence of dietary fats, the body cannot make an appropriate amount of necessary saturated fatty acids from carbohydrates [39].

It is recognized that dietary fat and obesity modify cytokine profiles and stimulate a proinflammatory environment. This relationship has been linked to many clinical issues such as atherogenesis and type 2 diabetes [40]. Dietary lipids and cholesterol can also directly influence viral replication in HIV infection. HIV uses the cholesterol-rich areas of the lipid rafts for viral entry and budding [41], and cholesterol reduction decreases the in vitro production of HIV particles [42]. Consumption of a diet high in cholesterol and saturated fatty acids, thus, can have a significant effect on the course of the infection and disease progression.
5.9 Unsaturated Fatty Acids and HIV/AIDS
Optimal nutrition can improve the quality of life in with HIV [43]. It can also slow the overall progression of the HIV infection as it transitions to AIDS and even improve tolerance to ART [44]. Proper nutrition is important, whatever the stage of the infection may be [45]. Interestingly, nutritional guidelines from the World Health Organization state that fat and fatty acid intake by patients living with HIV and AIDS need not be different from that of healthy persons [43].

Key observations found that polyunsaturated fatty acids were negatively correlated with liver functions in asymptomatic HIV infected patients compared with patients uninfected with HIV [43]. Polyunsaturated fatty acids are susceptible to breakdown by oxidation in lipid peroxides [46], as well as inflammation and oxidative stress. Reduced concentrations of red blood cells in polyunsaturated fatty acids result from growing peroxide concentrations [47]. Analyses on rats have given shown that polyunsaturated fatty acids promote ethanol-induced liver injury through a gradual increase in oxidative stress [48]. Patients with HIV can sometimes show no symptoms but would then be susceptible to liver stress caused by the polyunsaturated fatty acids, especially because of the increase of oxidative stress [43]. Liver damage was more prevalent among patients with HIV compared with patients without HIV [43].

Micronutrient deficiencies can cause oxidative stress, which is prompted by HIV [49]. Insufficient intake of micronutrients (vitamins A, C, and E and zinc) by patients, combined with intake of polyunsaturated fatty acids, can cause undesirable results and liver damage [43]. Reduction in oxidative stress after supplementation with antioxidant vitamins has been noted in patients with HIV [50]. A positive correlation was also shown among vitamin E and liver enzymes in patients with HIV, especially with intake of polyunsaturated fatty acids [43].
5.10 Omega-3 Fatty Acids and HIV/AIDS
HIV/AIDS can reproduce in many types of human cells such as lymphocytes, monocytes, macrophages, and glial cells [51]. Monocytes and macrophages are shown to be of importance in HIV/AIDS, as they can be major producers of cytokines and tumor necrosis factor. This can cause an autocrine feedback loop, which increases the replication rate of the virus as well as the induction of other cytokines [51]. In general, cytokines are responsible for many clinical symptoms of HIV/AIDS such as headaches, fever, anorexia, and other physical dysfunctions in the patient [51]. Omega-3 polyunsaturated fatty acids are considered candidates for causing HIV/AIDS pleiotropic effects on the immunologic and metabolic systems of the patient [51].

Omega-3 fatty acids decrease triglyceride levels and the risk of CVD in individuals without HIV/AIDS [52]. Dietary interventions have been proven to reduce the risk of CVD, especially with high lipid levels, and they can also be a major component in the management of HIV infection [53]. Intake of omega 3 fatty acids and daily exercise can control the progression of the disease, but these lifestyle modifications can be difficult to sustain for many patients and can have an effect with the treatment of drug-induced lipid disorders [52]. A number of factors have to be considered to determine the correct drug options for the treatment of lipid disorders in patients with HIV. These considerations include the interactions and between lipid-lowering agents and antiretroviral treatments and the potential overlapping toxicities [53].

Omega-3 fatty acids are found in marine foundations and fish oils and have been shown to lower fasting and postprandial triglyceride levels in patients without HIV [55]. Many epidemiologic and clinical trials have indicated that omega-3 fatty acids can also reduce the incidence of CVD [56]. In patients with HIV who were receiving ART and had high triglyceride levels, on intake of omega-3 fatty acids with daily diet together with an exercise program caused significant decreases in fasting triglyceride levels [52].
5.11 HIV/AIDS and Dietary Fat Supplementation
Dietary fat consumption and HIV/AIDS have a direct association [51]. Dietary fats are needed for proper growth, to reduce the infection, and, thus, for patients’ long-term survival. Patients with HIV/AIDS need to pay attention to their immune health and ensure adequate nutritional intake, especially dietary fats [51]. Proper intake of nutritional and dietary fat supplements will control the infection, especially in the liver [43].

Saturated fatty acids function with cholesterol in viral replication which alters the course of infection [39]. Cholesterol-rich areas are important for entry of the virus and have the potential to initiate or restrict the spread of infection. Decrease in cholesterol levels has a correlation with restriction of the spread of infection [39]. The association between dietary lipids and cholesterol is important, as it can decrease infection and slow disease progression [40]. Thus, cholesterol levels should be controlled and maintained in a clinical setting for patients with HIV.

The task of unsaturated fatty acids is to decrease nutritional deficiencies and assist in liver function [48]. Consumption of polyunsaturated fatty acids can limit inflammation caused by lipid peroxisomes and oxidative stress [45], which can result in liver pain [46] and major liver damage [48]. In addition to consumption of polyunsaturated fatty acids, intake of proper nutrients and vitamins can help resolve problems in the liver and body composition in patients with HIV [48].

Omega-3 fatty acids as dietary fats help improve neurologic health and control a number of diseases and infections [51]. Omega-3 fatty acid supplementation can lower the risk of CVD and reduce triglyceride levels [53].

Further research is needed to clarify how appropriate nutritional intake and dietary fat consumption can function in controlling the progression of HIV/AIDS [52].
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Chapter 6
Diet Modulation of Chronic Inflammation in Individuals with Acquired Immune Deficiency Syndrome
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Those living with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) may experience chronic inflammation that may affect quality of life. Although no definitive research has been performed, many studies have suggested that micronutrients such as sulfur amino acids, vitamin E, selenium, and omega-3 fatty acids in combination with an adequately nutritious diet may help reduce inflammation.
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6.1 Introduction
According to the Centers for Disease Control and Prevention (CDC), more than 1.1 million people in the United States live with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) [1]. Because HIV/AIDS affects the immune system of the individual, chronic inflammation is a serious concern for those infected with the virus. For this reason, many studies have examined how changes in diet—such as increased intake of sulfur amino acids, selenium, vitamin E, and omega-3 fatty acids—can help the infected individuals combat the chronic inflammation associated with HIV/AIDS.
6.2 Inflammation
Inflammation is a common immune reaction that occurs as a response to a bodily injury or infection [1]. During this response, leukocytes migrate to the site of injury and become activated as cytokines are released [1]. The purpose of the inflammatory response is to dispose of and prevent the spread of toxins and prepare the site for tissue repair [1,2].
6.3 AIDS
Before an individual is said to have AIDS, he or she should have been infected by HIV [3]. HIV can be transmitted during contact with certain body fluids of an HIV-positive individual, including blood, semen, preseminal fluid, rectal fluids, vaginal fluids, and breast milk [3]. HIV can reside in the body’s cells for a long time and targets and invades the body’s T cells or CD4 cells [3]. The virus uses the cells to replicate itself and then eliminates the host cells. Eventually, the virus destroys too many T cells, and thus the body becomes unable to fight diseases any longer [3]. At this point, HIV progresses to AIDS, which is the final stage of HIV infection. Individuals progressing to this stage are at risk for “opportunistic infections” such as tuberculosis, pneumonia, septicemia, herpes simplex and herpes zoster virus infections, lymphoma, Kaposi sarcoma, and many others [3].
6.4 Chronic Inflammation
Inflammation is a mechanism that helps the body initiate the healing process, but tissue repair may not occur. Thus, chronic inflammation could become a problem. In normal circumstances, the immune response stops when it is no longer needed. However, in certain diseases such as AIDS, chronic inflammation becomes a serious problem [4–6]. When the body is presented with a threat that it cannot overcome, the result is chronic inflammation [1,2].

During an immune response, the body produces very powerful substances, including cytokines and oxidant molecules such as hydrogen peroxide, free radicals, and hypochlorous acid [2]. Although these substances are helpful in destroying damaged tissue and invading organisms during a normal immune response, they can harm healthy tissue and are associated with morbidity and mortality in inflammatory diseases [2].
6.5 Nutritional Modulation of Chronic Inflammation
Presently, there is no official nutrition regimen for individuals living with AIDS, but some studies suggest that some nutritional supplementation may prove beneficial in lessening the chronic inflammation common in patients with AIDS [2,7,8]. As a result of the metabolic events that accompany the inflammatory process, individuals experiencing chronic inflammation have certain nutritional needs. The body experiences an increased need for protein, certain amino acids, and trace elements that are used as part of the body’s defenses [2].
6.5.1 Sulfur Amino Acids
The levels of sulfur amino acids and amino acids metabolically related to them are higher during inflammation [2]. Patients in the late stages of HIV infection have an increased concentration and production of free radicals accompanied by activation of lymphocytes and phagocytic cells and chronic inflammation [9]. Additionally, patients with HIV exhibit abnormally low cysteine and glutamine levels in the subsequent stages [2,4,9]. These same levels have been observed in both humans and simian immunodeficiency virus(SIV)–infected rhesus macaques [2,4,9]. Although it is understood that a diet lacking in protein reduces the glutathione content in the lungs and the liver, it is not known whether the low levels are the result of protein deficiency as a whole or deficiency of cysteine, glycine, or glutamate alone [2,10,11].

However, the influence of methionine and cysteine supplementation was observed in protein-depleted rats receiving cytokine injections, which served to stimulate inflammation in the rats [2]. Addition of cysteine and methionine to the low-protein diet permitted and increased the glutathione content of both the liver and the lungs in response to the cytokine injection, suggesting that these amino acids are important in maintaining and enhancing glutathione levels in tissue [2]. Cysteine, a semi-essential amino acid, meaning it can be biosynthesized in humans, amplifies several lymphocyte functions [2]. Additionally, by increasing the intake of sulfhydryl compounds such as cysteine and glutathione, free-radical stimulation of cytokine production can be inhibited [4,10].

Subsequently, no direct data were found with regard to the impact of increased intake of sulfur amino acids on human immune function, whereas glutathione, homocysteine, and taurine were found to influence inflammation [12]. However, limited direct experimentation has been performed on humans, and thus, the full significance of the effect of amino acids on immune function is still being defined despite the theoretical importance of sulfur amino acids in immune function [12].
6.5.2 Selenium
Selenium is an essential trace element that acts as both an antioxidant and an anti-inflammatory agent. It plays a role in some key metabolic activities by means of selenoproteins, which are enzymes crucial in regulating immune function and protecting against oxidative damage [13]. Because of these characteristics, selenium may offer health benefits to individuals with high oxidative stress loads, for example, those with HIV/AIDS [13].

One study on mice showed that micronutrient deficiency affects the severity of a viral infection, specifically that selenium deficiency may encourage the transformation of a relatively harmless virus into a virulent one [13,14].

Another study compared 15 HIV-negative controls with 49 HIV-positive persons without any active opportunistic infections [15]. The HIV-positive individuals had lower selenium levels compared with the controls. The data from this study revealed increased oxidative stress and an impaired antioxidant defense system in the HIV-positive individuals [15].

In a major review conducted in 2000, selenium deficiency was found to impair cell-mediated immunity and B-cell function and may also be linked to the transformation of harmless viruses to virulent ones; it may also impact viral disease progression [16]. Essentially, selenoproteins act as scavengers by hindering the proliferation of free radicals and lessening the production of inflammatory prostaglandins [16]. Selenium has also been shown to boost the growth and activity of T lymphocytes and other immune cells [13,16]. Therefore, researchers hypothesize that selenium levels may affect the severity and progression of disease, and supplementation as an adjunct therapy could be extremely useful in improving HIV/AIDS outcomes [13].
6.5.3 Vitamin E
Many abnormalities of the immune system related to HIV infection are stimulated or restored through high intake of vitamin E, suggesting that vitamin E plays a large role in antioxidant defenses in AIDS [2,17]. Vitamin E supplements in combination with an adequately nutritious diet may not only increase the effectiveness of drugs but also augment immune resistance to opportunistic infections commonly associated with AIDS [2,17].

Vitamin E supplementation enhances immune responsiveness in middle-aged men and women and reduces the risk of morbidity in older adults [18]. Vitamin E is especially beneficial as it remains nontoxic over a large range of intakes, differing from many other dietary supplements, which can be toxic at low levels [17].
6.5.4 Omega-3 Fatty Acids
Omega-3 fatty acids are long-chained and unsaturated molecules only found within certain foods such as flaxseed, walnuts, and some types of fish [19]. There are different varieties of omega-3 fatty acids, including alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). ALA and linoleic acid are parent molecules, which can be converted to form both EPA and DHA [20].

Foods with omega-3 fatty acids have varying amounts of omega-6. Individuals usually obtain sufficient amounts of omega-6 fatty acids without any need for supplementation. Omega-6 fatty acids are commonly found in vegetable oils, seeds, and nuts, as well as in meats and soy [21].

Omega-6 fatty acids have a tendency to encourage inflammation. However, there are multiple types of omega-6 fatty acids, and not all have been associated with promoting inflammation [20]. Arachidonic acid, which is a non-essential omega-6 fatty acid, is found in human immune cells in varying proportions [7]. This omega-6 fatty acid propels inflammatory mediators such as prostaglandins, leukotrienes, and related metabolites, thus regulating the activities of inflammatory cells and the production of cytokines [7]. For instance, eicosanoids are involved in modulating the duration and intensity of the inflammatory immune response [7].

In comparison, omega-3 fatty acids have a different effect on the inflammatory immune response. Some competition exists between omega-3 and omega-6 fatty acids for the enzymes that metabolize them. Thus, an increased consumption of fish oil decreases the amount of arachidonic acid in the membranes of inflammatory and immune cells [7].

Many studies examining the effects of fish oil on inflammation and immunity in animals have been published, and the majority of them indicate that omega-3 fatty acids, which can be ingested through fish oils, act as an anti-inflammatory and decrease a wide range of immune cell responses [7,22,23]. Thus, there is evidence to suggest that the omega-3 fatty acid supplementation may be used as a therapy for acute and chronic inflammation and for disorders with inappropriately activated immune responses [7].
6.6 Summary
Chronic inflammation is a serious concern in individuals living with HIV/AIDS. However, some studies suggest that supplementation of certain nutritional elements may prove beneficial in lessening the chronic inflammation common in patients with AIDS. Research suggests that increasing the levels of sulfur amino acids, selenium, vitamin, and omega-3 fatty acids in combination with an adequately nutritious diet may help alleviate chronic inflammation. However, more research in needed to reinforce the findings of existing research.
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Chapter 7
A Self-Management Framework to Assess the Need for Nutritional Supplementation in People Living with HIV/AIDS
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The advent of highly active antiretroviral therapy (HAART) has de-elevated human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) from an acute to a more manageable chronic disease. This advancement has necessitated people living with this disease to take an active role in their own care. A self-management framework to help assess the critical need for nutritional supplementation in people living with HIV/AIDS was presented. A synopsis of the literature found that those in need of this dietary practice included people with a lower socioeconomic status, mental health disorders, and substance-use problems. These HIV-seropositive people were likely to follow adverse dietary practices that contribute to depletion of CD4 T cells and compromise the proper functioning of the immune system. It was concluded that it is vital that professionals working with people living with HIV/AIDS integrate nutritional supplementation into their HIV/AIDS care.
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7.1 Introduction
Recent data reported by the United States Centers for Disease Control and Prevention [1] show a steady increase in the number of people living with human immunodeficiency virus (HIV) in the United States. The number of females living with this infection rose from 206,470 in 2008 to 212,613 in 2009 and to 216,966 in 2010, and the similar upward trend for males was 612,581 in 2008, to 635,243 in 2009, and to 658,002 in 2010. During this same period, the death rate for females diagnosed with HIV or AIDS declined from 4.3% in 2008 to 4.2% in 2009 and to 3.9% in 2010. This rate was also found to decrease among males: 10.1%, 9.8%, and 9.4%, in 2008, 2009, and 2010, respectively. This longevity is attributed to the advent of highly active antiretroviral therapy (HAART), which is widely being used to treat this disease [2,3]. HAART has transformed HIV/AIDS from an acute illness to a more manageable chronic condition that has necessitated people living with this disease to take an active role in both the day-to-day and the long-term responsibility for their own care [4].

In that much of the care for HIV/AIDS disease is now managed in the home setting, people living with this disease are challenged to engage in disease-specific care that includes behaviors directed to symptom management and medication adherence and generic care that involves health-maintaining behaviors such as managing any psychological distress that may arise and addressing the nutritional needs that are associated with this disease [5,6]. Self-medicating with over-the-counter products such as nutritional supplements is one type of behavior seen in many people living with this disease to manage their mental challenges [7]. Psychological distress compromises the proper functioning of the body’s immune system by contributing to the depletion of CD4 T cells [8,9].

Financial stressors play a critical role in the psychological distress that many people living with HIV/AIDS cope with [10,11]. The majority of people living with this disease have minimum financial resources at their disposal [10]. This financial situation hinders their ability to acquire over-the-counter products thereby potentially aggravating this distress. Nutritional supplementation is needed to combat both physical and mental challenges in people living with HIV/AIDS. This dietary practice can help improve the body’s biomarkers; CD4 T cell and viral load counts [9,12,13].

Individual and family self-management theory [14] can be used to develop a self-management framework that can be used to assess the critical need for nutritional supplementation in people living with HIV/AIDS. As described in Figure 7.1, this theory recognizes that to manage a condition such as HIV/AIDS, contextual risk and protective factors must be considered: (1) condition-specific factors—CD4 T-cell and viral load counts, (2) physical and social environment factors—physical stamina and workplace, and (3) individual and family factors—educational attainment and the capacity to self-manage. In addition, process factors must be accounted for: (1) knowledge and beliefs—receipt of mental health and substance-use treatment and perceived stress or self-efficacy, (2) self-regulation skills and abilities—depression, and (3) social facilitation—receipt of functional social support. Contextual and process factors lead to both proximal and distal outcomes. Proximal outcomes include self-management behaviors such as active involvement in symptom management activities and medication regimes, which, in patients with HIV/AIDS, often lead to the need to use recommended pharmacologic therapies that include nutritional supplements. Distal outcomes entail stability or changes in health status: CD4 T-cell and viral load counts.

[image: image]
Figure 7.1 A self-management framework to assess the need for nutritional supplementation in people living with HIV/AIDS. Source: Adapted with permission from Dr. Polly A. Ryan at the Self-Management Science Center at the University of Wisconsin-Milwaukee.
7.2 A Self-Management Framework to Assess the Need for Nutritional Supplementation

7.2.1 Contextual Risk and Protective Factors

7.2.1.1 Condition-Specific Factors: CD4 T-Cell and Viral Load Counts
Over-the-counter products such as multivitamins and mineral supplements can help boost the body’s immunologic and virologic functioning, as reflected in a higher CD4 T-cell count and a very low to nondetectable viral load count—which means that the level of HIV in the body is so low that it is not evident when measured. Patients with HIV/AIDS use those types of nutritional supplements in the majority of the cases [15–21]. A CD4 T-cell count above 200 helps keep the HIV infection from progression into full-blown AIDS. Such a dire condition can lead to opportunistic infections such as bacterial pneumonia and Kaposi sarcoma, both of which are the primary causes of morbidity in people living with HIV/AIDS [9,19,20]. A drop in CD4 T-cell count signifies that a person’s health is worsening. This can be a very stressful situation for a person living with HIV. Stress contributes to the depletion of CD4 T cells and, in the process, compromises the proper functioning of the body’s immune system [8,9]. This unhealthy situation can give rise to an urgent need for nutritional supplementation.

Women living with HIV/AIDS are an at-risk group for encountering stress in their daily lives, primarily due to their caregiving responsibilities. Hackl et al. [22] examined the salient life issues of women living with HIV infection. From personal interviews conducted with eight of those women, one theme that emerged was the women’s ongoing struggle to balance their own particular health situation and concerns about the demands and needs of their families. The fact that women with HIV continue to be in a position where they are required to give support at a time when they are themselves most in need of support can be challenging and causes the onset of stress. Marc et al. [23] found that compared with non-caregivers, HIV-positive female caregivers have a higher HIV symptom distress score, as measured by a lower CD4 T-cell count, higher HIV viral load count, or an AIDS-defining event. The HIV-positive female caregivers were also more likely to report lower physical quality of life scores. Women generally tend to take on a caregiver role; therefore, it is not surprising that to help maintain their body’s stamina, women living with HIV/AIDS are more likely to use over-the-counter products such as multivitamins and minerals compared with men [15,17,21].
7.2.1.2 Physical–Social Environment Factors: Physical Stamina and Workplace Environment
Arns et al. [24] found that in a sample of 235 people living with HIV infection, a mere 11% had been unemployed prior to their diagnosis. Brooks et al. [25] found that after diagnosis, over two-thirds (67%) of their sample of 1,991 people living with HIV/AIDS were out of work. The debilitating aspects of this disease as well as social obstacles such as stigma and workplace discrimination have hampered employment prospects for many of those people. Employment is an important issue for seropositive people now that they are living longer and can have more productive lives [24,25]. Brooks et al. [25] reported that of their sample of 757 persons with HIV/AIDS who were unemployed, close to three-fourths (74%) were planning to work either immediately or in the near future.

Findings from Timmons and Fesko’s [26] focus group with 29 persons with HIV/AIDS underscore the high value that is now placed on employment for persons with HIV/AIDS. These patients expressed a strong desire to work not only for the economic benefits that employment provides but also for a sense of self-respect and self-fulfillment. They felt that unemployment created an overabundance of spare time, causing them to sit around and dwell on their disease. Unemployment also precipitates financial stress. Mugavero et al. [10] found that within any 9-month period, over half of their sample of 474 people living with HIV/AIDS experienced a major financial stressor. In fact, the lack of financial resources was found to be the most common stressor in their lives.

These findings clearly indicate that unemployment brings on stress, which contributes to the depletion of CD4 T cells and, in the process, compromises the ability of the immune system to function properly. As many people with HIV/AIDS are unemployed and have meager incomes [11], their ability to acquire nutritional supplements to help build their immune system is rather limited. Coyers [27] reported that 60% of women living with HIV/AIDS have annual household incomes below $15,000, compared with 49% for their male counterparts. When women with HIV/AIDS are most in need of nutritional supplementation, they have the least purchasing power to obtain goods and services to meet their subsistence needs.
7.2.1.3 Individual-Family Factors: Educational Attainment and Capacity to Self-Manage
The World Health Organization [28] pointed out that nutritional status is a determinant of the incident and severity of HIV-related infections such as tuberculosis and diarrhea and that the HIV-related infections, in turn, have severe nutritional consequences that commonly precipitate appetite loss, weight loss, and wasting. A balanced diet is critical for patients with HIV/AIDS because low energy intake and the increased energy demands attributed to this disease and related infections are the major driving forces behind HIV-related weight loss and wasting [28]. Educational attainment plays a pivotal role in the diets of people living with HIV/AIDS. Kim et al. [29] found in a sample of 633 people with HIV that well over a third (38%) had inadequate dietary nutrition. More than half (52%) were consuming less than the recommended daily allowance of vitamin A. Females and people with lower educational attainment tended to have an inadequate nutritional intake. To prevent problems such as weight loss and wasting, women with lower education and constrained resources may depend on their support systems to help them financially to meet their nutritional needs.

Marc et al. [30] conducted a study to investigate whether educational attainment was associated with failure to adhere to drug regimens during initial therapy with HAART. These scholars found that among their sample of 980 antiretroviral-naïve subjects, the time to the first regimen failure trended toward being shorter for people with lower educational attainment who are prone to financial problems. Nutritional supplements are often recommended to patients with HIV/AIDS with treatment adherence challenges. For resource-constrained people, over-the-counter nutritional products may be difficult to obtain.

In the general population of adults, there is some evidence that women’s educational attainment not only is associated with their nutritional knowledge but also serves as an indicator of their ability to translate nutritional knowledge into better dietary practices [31–33]. Barber et al. [32] found in a sample of 372 women that lower educational attainment was associated with lower diet scores based on 20 food types, such as vegetables and vegetarian dishes, resulting in poorer quality diets. In focus groups with 56 women, Lawrence et al. [33] found that women with lower education were more concerned about providing their children rather than themselves with a nutritional diet to ensure long-term health. Many of these mothers with lower educational attainment viewed their children’s diet as their primary consideration. They felt that their role as mothers was to raise their children to be as healthy as possible but did not apply this same reasoning to themselves. Although this outlook on the priority placed on diet in resource-constrained households is not surprising, it is plausible that in the households of mothers with HIV/AIDS, lack of nutritional knowledge and a limited view of the importance of their own diet could hamper their capacity to self-manage this disease.
7.2.2 Process—the Self-Management Process

7.2.2.1 Knowledge-Beliefs: Mental Health/Substance-Use Treatment and Perceived Stress/Self-Efficacy
The shift from acute care to chronic care brings emphasis to self-management of the disease, where patients with HIV/AIDS assume an active and informed role in managing the physical, psychological, and social aspects of health [34]. This means that people living with this disease need information to become effective managers of their own health [35]. In a sample of 15 HIV-positive women receiving substance-abuse treatment, Unger and Collins [36] found that almost all of those women acknowledged that they gained important information about HIV prevention, medication, and adherence issues upon entering a dual-diagnosis treatment: HIV/AIDS and substance abuse. More importantly, they realized that their HIV infection was an illness that could be managed through antiretroviral medication.

Many people living with HIV/AIDS in the United States are in need of mental health or substance-abuse treatment. Data from the HIV Costs and Utilization Study—the first survey of a nationally representative sample of 2,864 people with HIV—showed that between 60% [37] and 70% [38] of people with HIV were in need of some type of this treatment. Utilizing this same data source, Rand Health [38] reported that about 13% of those people had psychiatric symptoms and were drug dependent, heavy drinkers, or both. People with HIV who had mental illness and substance-abuse issues were less likely to have received HAART compared with their counterparts thereby putting themselves at a much greater risk of rapid progression to AIDS. Untreated substance-abuse problems may influence medication adherence by interfering with a person’s ability to strictly follow medical recommendations or instructions [39].

Information on healthy living is provided in many mental health and substance-abuse treatment programs. Depending on clients’ needs and goals, they are afforded an opportunity to gain knowledge about the nutritional aspects of their mental illness and addiction. Grant et al. [40] found a positive relationship between nutrition education and substance-abuse treatment outcomes. This combination of services helps improve the clients’ quality of life. Achieving goal congruency is integral to the treatment process. Barroso and Sandelowski [41], in a metasynthesis of studies with data on 1,548 women living with HIV infection, found that for the mothers, children were the driving force behind their desire to enter mental health and substance-abuse treatment so that they could free themselves of drugs and alcohol and to become better mothers for their children.

The achievement of goal congruency, in part, is depended on an individual’s belief about his or her own ability to complete tasks and reach goals. Self-efficacy plays an essential role in how individuals perceive and respond to different life situations, which could be stressful for mothers with HIV/AIDS who are attempting to set goals that are not only in their children’s but also in their own best interests. Both physiologic and immunologic responses to potentially stressful life situations are primarily based on an individual’s assessment of the event and the perceived stress rather than the actual event itself [42]. Mothers living with HIV/AIDS may perceive the stress associated with their desire to overcome their adverse life situations caused by their disease as overwhelming and beyond their ability to be managed [43]. Ellis [8], in a sample of 49 mothers with HIV/AIDS, found that high perceived stress levels were associated with the need to borrow money from family members or friends to help acquire nutritional supplements. It is plausible that due to the toll of those stressors in those mothers’ lives, they embarked upon this self-management strategy to help replenish their lost CD4 T cells and build their body’s immune system.
7.2.2.2 Self-Regulation Skills-Abilities: Depression
Stressful life events may exacerbate depressive symptoms in people living with HIV/AIDS [44]. Valente [44] reported that depressive disorders are common among 20–32% of people with HIV, but other scholars have found depression rates to range from 37% to 72% [45–47]. This wide range in rates is attributed, in part, to the fact that in many cases, depression goes unrecognized and, thus, is not treated, as its symptoms are similar in nature to those related to HIV [44]. Depression rates can vary widely, depending on the health care worker’s desire to evaluate this disorder. Vyavaharkar et al. [47] found that among 58% of the African-American women in their sample who were depressed, fewer than half were receiving treatment for this mental health disorder.

Depression has an adverse impact on diets, resulting in nutritional problems for many people living with HIV/AIDS, in whom both poor appetite and weight loss are major issues [46]. In the United States, approximately 5% of the population either is malnourished or has low body weight [48]. Isaac et al. [46], using a sample of 242 adults drawn from the Nutrition for Health Living (NFHL) study—an observational cohort study in adults with HIV —found that well over a third (37%) of their subjects with depression had a lower total energy intake and more decreases in their overall dietary components compared with their counterparts without depression.

Both vitamin supplements and prescribed drugs have been found to be beneficial in treating depression [49]. However, many of those drugs have certain adverse effects [50]. When taken as recommended, nutritional supplements have an advantage over prescribed drugs in that they are absorbed more easily in the body, and they come with fewer side effects making them a flexible addition to the treatment regimen [49].
7.2.2.3 Social Facilitation: Social Support
Social support affects both the physical and mental aspects of the lives of people living with HIV/AIDS. Aston et al. [51], in a sample of 65 people with HIV/AIDS, found an inverse relationship between the levels of satisfaction with social support received and number of HIV/AIDS-related physical symptoms. Vyavaharkar et al. [47] found among their sample of 340 African-American women that the lack of social support aggravates depressive symptoms. For people living with HIV/AIDS, social support needs to be not only functional such as social relationships or communication [47,52,53] but also tangible [54]. For women, in general, social relationships influence many of the decisions they make, their feelings about various health issues, and their participation in health promotion activities [53]. Moreover, building social relationships is a strategy that people living with this disease undertake to manage their mental health issues [7]. Kemppainen et al. [55], in a sample of 259 people with HIV, found that talking with family and friends was the most frequently (57%) cited strategy used to manage HIV-related anxiety.

Availability to provide assistance in specific contexts varies between family members and friends. Kimberly and Serovich [54] studied specific roles of social support in the lives of 77 HIV-positive persons and found that there was a significant difference between perceptions of support that was given by those two groups of people. Family members tended to buy things, whereas friends were likely to run errands and simply be available to offer moral support. Whether provided by family members or friends, social support can serve as a buffer against stress. Those support systems help lower the risk of depression in people living with HIV/AIDS thereby preventing any adverse dietary practices associated with this mental health disorder.

7.2.3 Outcomes

7.2.3.1 Proximal-Self-Management Behaviors: Symptom Management and Medication Adherence
People living with HIV/AIDS employ certain symptom management strategies to decrease the frequency, intensity, and distress of their disease-related symptoms, the goal being optimal quality of life [56]. This disease requires daily involvement in self-management strategies that help cope with its symptoms [57]. Some commonly experienced symptoms include anxiety, depression, diarrhea, fatigue, nausea, vomiting, and neuropathy [56,58].

Both alcohol consumption and illicit drug use are common strategies that many people living with HIV/AIDS engage in to ease their disease-related symptoms [56,59–63]. Palepu et al. [61] found among their sample of 349 people with HIV that the most common risk factor was injection drug use, which was used as a self-care strategy. Galvin et al. [62] reported that in a sample of 2,864 people with HIV, 53% reported drinking alcohol in the preceding month. Of these, 15% were heavy drinkers. Cohn et al. [63] found that in their sample of 643 adult subjects with HIV, there was a relatively high prevalence of illicit drug use and alcohol use; almost 40% used hard drugs (cocaine, amphetamines, or heroin) and 12% reported some level of ongoing drug use during the study. Over half of those adults had consumed alcohol recently, with 43% reporting binge drinking during the study.

The outcomes of substance use as a self-management strategy are perplexing. Some scholars have labeled substance-use behaviors as an ineffective coping strategy [7,64], whereas others found those behaviors to be beneficial in helping people living with HIV/AIDS deal with their disease-related symptoms [57,58]. Nicholas [64] found a sample of 775 people with HIV to rate both depression and fatigue high in symptom intensity. Both of these symptoms were associated with substance-use behaviors. Illicit drug use was associated with the highest number of HIV-related symptom categories. This scholar concluded that HIV-related symptom burden was associated with unhealthy substance use. In contrast, Robinson and Rempel [57], in their examination of methamphetamine use in relation to HIV-related symptoms, found that their sample of 20 men with HIV reported using this substance to treat their depression, fatigue, and neuropathy. Methamphetamine use was viewed by these scholars as a positive coping strategy to deal with these symptoms in that it, at least temporarily, elevated mood and enhanced mental alertness.

Corless et al. [58] found in their sample of 775 adults with HIV that the three most common HIV-related symptoms were depression, anxiety, and fatigue. These scholars found that the overall rating for the effectiveness of marijuana use (6.98) was slightly higher than that for antidepressants (6.53) used to treat depression and anxiety. They noted that the lack of a significant difference between marijuana use and medications indicates that they both have similar efficacy in ameliorating HIV-related symptoms, and they concluded that smoking marijuana is a positive self-care strategy for symptom management.

However beneficial substances could be in helping people living with HIV/AIDS better cope with their psychological distress, poor nutrition as a risk factor during substance abuse is known for the role it plays in causing health problems. Substance use as a self-management strategy affects eating patterns, and abnormal eating behaviors can cause the onset of eating disorders such as anorexia, bulimia, and habitual eating [65]. Virmani et al. [65] pointed out that many persons with alcoholism are malnourished, and this is attributed to the metabolism of alcohol, which prevents the body from properly absorbing, digesting, and using the nutrients the body needs in order to function as it should. This unhealthy situation decreases energy intake during the very time that people living with HIV/AIDS need all the strength that they can muster.

Rees and Gowing [66], using a general sample of clients with 100 alcohol dependency and a control group of 20 clients with a history of alcohol abuse, assessed the effect of mandatory thiamine enrichment of wheat flour on blood thiamine levels. Clients in the control group were found to consume a significantly larger amount of thiamine in their diet compared with clients who were alcohol dependent. The reduced blood levels of thiamine in these clients were attributed to poor diet. Malnourishment during substance abuse by patients with HIV/AIDS predisposes them to serious problems such as wasting and a compromised immune system.

The four primary goals of HAART are to improve and preserve immune functioning, alleviate any HIV-related symptoms, prevent opportunistic infections, and improve the overall quality of life of people living with HIV/AIDS [67]. For such goals to be realized, high adherence levels are required. In fact, rates of greater than 95% are mandatory for adequate adherence [67,68].

The number of patients receiving HAART is relatively high. Beer et al. [69], using a sample of 3,886 adults with HIV drawn from the Medical Monitoring Project—a supplemental surveillance system for collecting clinical and behavioral data on people in care—found that 3,307 (85%) were receiving HAART. However, 38% of those people were found to be nonadherent during the past 48 hours with regard to at least one of three measures; dosage, schedule, and following instructions. Medication schedules are complex and inconvenient, and drugs often produce adverse effects. There is growing concern about failure to follow treatment instruction because nonadherence is associated with acquiring and spreading a more virulent, drug-resistant form of the virus [13].


Similarly, in a smaller study, Sevens and Hildebrandt [70], in a sample of 55 women with HIV participating in a series of 10 interviews over 2 years, found that 46 (84%) were receiving HAART. Of those women, a third experienced adherence difficulties. These scholars noted that among those women, the issue was not occasionally missed pills but skipped medications for lengthy periods and adjusting doses to suit their convenience, particularly when side effects such as nausea, vomiting, anorexia, and diarrhea were severe and perhaps even disabling, hampering their ability to care for their family members.

In the HIV Costs and Services Utilization Study, nearly half of the 2,864 people with HIV, who did not have a psychiatric disorder or drug use problem, were adherent to HAART [38]. This means that more than half of them were nonadherent. That is, they reported missing at least one treatment in the past week. Among people with mental health problems, the adherence rate was lower at 36%. This rate continued to plummet among people with a history of substance abuse, dropping to under a third. Cohn et al. [63] found that among all of their sample of 643 hard drug users who were receiving HAART, the nonadherence rate was nearly half (49%). In a sample of 785 Black women, Sharpe et al. [71] found 58% were receiving HAART. A relatively large number (42%) of them were taking medications other than HAART. Crack users were less likely to always adhere to HAART compared with other drug users and nondrug users.

Rand Health [38] found that when asked about the reasons for their nonadherence, people with HIV who had mental health and substance-abuse problems reported that the time and effort that it takes to obtain medications and the challenges of integrating the complex treatment regimen into their daily lifestyles were the major obstacles. Many people living with HIV/AIDS and a co-occurring mental health disorder such as depression have multiple hospitalizations [60]. The treatment for psychosis could hinder a person’s ability to follow and adhere to the often very difficult instructions for his or her medication regimens. Another reason for the rather high nonadherence rates with regard to HIV/AIDS medications is that many people living with this disease perceive those regimes as not effective or as interfering with their ability to perform their daily functions. Chou et al. [72] examined self-care activities that a sample of 359 adults with HIV undertook to improve their health. These scholars found that although taking medications was the most frequently cited self-care task, only 61% of the 182 people who reported this self-care activity said an absolute “yes” to its effectiveness. The others felt that taking medications was somewhat effective, not much effective, or not effective or they were not sure about the effectiveness.

It should be noted that Palepu et al. [61] found that substance-abuse treatment services do help HIV-infected clients gain much-needed access to HAART. However, those services did not help them with or affect their medication adherence. The ramifications of this nonadherence are significant because both Palepu et al. [61] and Cohn et al. [63] found substance use problems to have an adverse impact on the suppression of the HIV viral load. A high viral load indicates that the virus is actively reproducing in the body, which means there is greater risk for damage to the immune system [67].
7.2.3.2 Distal Outcome-Health Status: Stability or Change in CD4 T-Cell and Viral Load Counts
An adequate diet is very important for adherence to HAART, as inadequate nutrition affects the ability to achieve HAART goals by causing wasting and onset of opportunistic infections due to a decline in CD4 T-cell count [72]. Evans et al. [73] randomized 38 adults with HIV who were low weight into a group given HAART plus nutritional supplementation and to a HAART-only group. These scholars found that between baseline and the 6-month follow-up, the group that received HAART plus nutritional supplementation demonstrated a greater increase in weight, CD4 T-cell count, and red and white blood cell counts compared with the HAART-only group. Tolerance of, and adherence to, HAART was good during this 6-month period; 82% (n = 9/11) of adults in the group that received HAART plus nutritional supplementation reported taking their medications every day in the previous month. Twenty adults were still alive and in care 12 months after HAART initiation. The difference in the CD4 T-cell count increases between the two groups observed at 6 months did not continue after completion of the study, when nutritional supplementation was stopped and both groups received HAART only. These scholars concluded that nutritional supplementation for 6 months led to an improvement in the immune system as well as the body’s ability to fight off infections.
7.3 Conclusion
People living with HIV/AIDS in need of nutritional supplementation are among the vulnerable segments of society. Many of those people have a lower socioeconomic status, mental health disorders, and substance-use problems. These issues put people living with this disease at a great risk of foregoing the nutrients that the body needs to maintain an adequate energy level to combat disease-related symptoms such as anxiety, depression, diarrhea, fatigue, nausea, wasting, and neuropathy. Those symptoms are often accompanied by a drop in the CD4 T-cell count, which indicates a worsening health status.

The health insurance programs that people living with HIV/AIDS tend to access for their medical care needs do not provide over-the-counter products such as nutritional drinks, multivitamins, and minerals. Ellis [8] found that over three-fourths (78%) of a sample of 49 women living with this disease were covered by the Medicaid Program. There is a huge gap in this government program in many of the states, as nutritional products are not offered in its provisions. Schwalberg et al. [74] found that over-the-counter nutritional supplements were not provided in more than half (n = 29) of the states’ Medicaid Programs. There are pharmaceutical assistance programs that help resource-constrained people with their nutritional needs. However, many manufacturers that offer those programs are faced with budgetary challenges, which, in many instances, have forced them to curtail enrollment.

Many substance-abuse treatment facilities address not only alcohol and drug addictions but also have a nutritional component in their services to help clients gain a better understanding of the role that nutrition plays in their addictions [40]. The problem for people living with HIV/AIDS is that many of them in need of substance-abuse treatment services are not receiving those services. Orwat et al. [75] found that of 369 people with HIV who had alcohol or drug problems, less than half (45%) had received substance-abuse treatment services 6 months prior to study entry. This means that well over half of the people abusing substances potentially had not been treated for their addiction problems. Although close to a third (32%) of those people were diagnosed with a drinking problem, they were significantly less likely to be receiving substance-abuse treatment services for their alcohol dependence compared with their counterparts with drug dependency.

People living with HIV/AIDS are confronted with many stressors in their daily lives, which hinder their ability to cope with this disease. Unfortunately, the self-management strategies that many people infected with this disease have undertaken to help combat their disease-related symptoms have compromised the proper functioning of their body’s immune system, and without the proper nutrients to help replenish lost CD4 T cells, they become more vulnerable to bacterial pneumonia, cancer, and various types of opportunistic infections that are fatal. In conclusion, it is vital that professionals at all levels—including doctors, nurses, HIV/AIDS case managers, mental health and substance-abuse practitioners, social workers, dieticians, and nutritionists—working with people living with this disease recognize the critical need to integrate nutritional supplementation into the management of HIV/AIDS to ensure long-term survival and good quality of life for those in their care.
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Influence of Nutrition on Human Immunodeficiency Virus Infection
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Human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) is sexually transmitted and is fatal; the virus primarily targets the immune system, in particular the CD4 cell. The CD4 cells manage the response of other immune system components that ultimately destroy infectious agents. HIV begins infection of the body through the reproductive systems, taking advantage of and disrupting the delicate microenvironments. In patients with HIV/AIDS, nutrition plays a great role because of the impact of the infection, specifically on the immune system, as well as the impact of the treatments. The system is unable to maintain health from within, which necessitates assistance from external components through a balance diet and vitamin supplements. The existing HIV/AIDS therapies can cause great damage through their side effects, which diminish the patient’s immune capabilities and overall health and nourishment. In this chapter, we will provide a detailed and current scientific outlook on the relationships among nutritional components, the immune system, and HIV/AIDS in both children and adults.
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8.1 Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome
The functional integrity of immune system is essential for the survival of all human beings. A defect in one or more of the components of the immune system will result in immunodeficiency syndromes with fatal consequences. There are two kinds of immunodeficiency syndromes (1) primary immunodeficiency disorders manifest at birth or very early in infancy; and (2) acquired immunodeficiency syndromes as a consequence of severe malnutrition, prolonged treatment with immunosuppressive drugs, and infection of cells of the immune system. The most notable cause is human immunodeficiency virus (HIV), which is the etiologic infectious agent that causes acquired immunodeficiency syndrome (AIDS) in humans.
8.1.1 Introduction to the Disease
An outbreak of HIV infection was recognized in the United States three and a half decades ago, particularly in the states of California and New York. HIV causes the deadly disease AIDS by infecting CD4+T cells, also known as helper T cells, which play a major role in directing the immune system responses. HIV leads to an extremely compromised immune system, rendering it vulnerable to deadly opportunistic infections. HIV can be transmitted from infected individuals to healthy individuals through sexual contact, blood transfusion, organ transplantation, and contaminated needles. It can also be transmitted from an infected mother to her child during pregnancy or through breast milk. However, the virus is not spread by casual contact with an infected person. Following the outbreak of HIV infection, AIDS spread like wildfire in Africa and Asia, where poverty, famine, and malnutrition are rampant [1].

AIDS is a pandemic disease today affecting around 35 million people globally. Since the start of the epidemic in the 1980s, it is estimated that more than 70 million people have become infected by HIV, and approximately 67% of those infected have died of AIDS-related illnesses. In 2013 alone, over 2 million people became newly infected with HIV worldwide, and 200,000 of the cases are children [2]. These statistics highlight the fact that despite continued efforts by the international health care communities, HIV/AIDS still remains a major global health problem.
8.1.2 Disease
HIV belongs to the family of viruses called Retroviridae. These viruses carry a positive sense, single-stranded ribonucleic acid (RNA) genome. Two types of HIV—HIV-1 and HIV-2—have been characterized so far. HIV-1 was the initially discovered type and is the more virulent of the two; it accounts for the majority of HIV infections worldwide. HIV-2 is relatively less pathogenic, and its prevalence is less widespread [3].

The acute symptoms shortly following HIV infection, which are very similar to those of influenza (flu), and include fever, chills, sore throat, muscle aches, lymphadenopathy, and rashes, in addition to a reduction in the blood CD4 T-cell count. The infection can progress within the next few weeks and months to an asymptomatic state, which can last for years. During this period, the infected person does not show any symptoms but, importantly, can continue to transmit the virus to others. Most individuals infected by HIV do develop AIDS eventually. HIV mainly targets the host immune system. As a result of a compromised immune system, AIDS patients become susceptible to some rare infections classified as “opportunistic infections”; cancers such as lymphoma, Kaposi sarcoma, and cervical cancer; and common infections such as tuberculosis, as well as pneumonia caused by protozoa, bacteria, fungi, and virus, can be life-threatening to HIV-infected patients.

The HIV-1 virus is enclosed in a lipid membrane, as shown in Figure 8.1; trimeric gp120–gp41 complexes are embedded in this lipid membrane. The cytoplasmic tails of the transmembrane gp41 interact with the HIV-1 matrix protein p17. The capsid protein p24 makes a cone-shaped core that encloses and protects the HIV genome. The HIV-1 genome consists of two positive-stranded RNA copies, enveloped by a nucleocapsid protein. A reverse transcriptase protein has also been shown to be associated with the genome.
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Figure 8.1 Schematic of HIV structure.
HIV mainly targets host cells that express on their cell surface CD4 receptors such as CD4+T cells, macrophages, and microglial cells. However, HIV predominantly infects the CD4+T lymphocytes, also called T-helper cells. HIV uses the gp130 proteins on its surface to bind to the CD4 receptors on the T cells. Once bound to the CD4 receptors, the viral membrane fuses with the membrane of the T cells, thus releasing the viral contents into the host cell [4].

Upon entering the host cell, the RNA genome is converted into a double-stranded deoxyribonucleic acid (DNA) intermediate by a viral protein called reverse transcriptase. The virus then exploits the host protein synthesis machinery to transcribe the viral proteins using the DNA template. These viral proteins are assembled into new viral particles, which are released by the lysing of the host cell and are ready to infect new cells. Alternatively, the viral DNA intermediate can be integrated into the host genome by a viral protein called integrase. This is called latent infection, and the virus can stay undetected by the host immune system for years before being reactivated [3,4].

8.1.3 Therapy
A complete cure for AIDS has not been found yet, and one quarter of all patients with HIV does not have the ability to access any kind of antiretroviral therapy (ART). A number of antiretroviral treatments that reduce the impact of HIV on the body and improve the quality and length of life of the patients are available. Antiretroviral medications have to be taken continuously, according to a strict regimen, to control the course of the disease. Antiretroviral drugs act either by inhibiting the ability of the virus to enter the host cells or by inhibiting the replication and spread of virus. A combination of antiretroviral drugs is often used to prevent the development of drug resistance. A variety of available drugs for treating HIV are summarized in Table 8.1. In addition, experimental drugs that aid in boosting the patient’s immune system to fight infections are in development or available on a limited basis. Side effects caused by long-term treatment with antiretroviral drugs include, but are not limited to, malaise, headache, nausea, and diarrhea. This can significantly affect the quality of life of patients with HIV and can result in patient discontinuation of the treatment. For this reason, patients receiving antiretroviral therapies need to be monitored for side effects regularly and given help to manage those side effects [5].


Table 8.1

List of anti-HIV therapies




	Drug category
	Mechanism of action
	List of drugs (generic names)




	Nucleoside/nucleotide reverse transcriptase inhibitors
	Inhibit HIV reverse transcriptase enzyme
	Zidovudine (AZT), lamivudine, tenofovir, emtricitabine, abacavir, stavudine


	Non-nucleoside reverse transcriptase inhibitors
	Inhibit HIV reverse transcriptase enzyme
	Rilpivirine, etravirine, delavirdine, efavirenz, nevirapine


	Entry/fusion inhibitors
	Inhibit viral entry into CD4 positive human cells
	Enfuvirtide, maraviroc


	Integrase inhibitors
	Inhibit integration of viral DNA into the cellular genome
	Raltegravir, dolutegravir


	Protease inhibitors
	Inhibit HIV protease and blocks the maturation of viral particles
	Tipranavir, indinavir, saquinavir, fosamprenavir, ritonavir, darunavir, atazanavir, nelfinavir


	Immune-based therapies
	Boost immune system’s ability to fight HIV
	Chloroquine phosphate, hydroxychloroquine, maraviroc, interleukin-7, interleukin-2


	Multi-class combination drugs
	Combination of one or more of the above mechanisms
	Efavirenz+tenofovir+emtricitabine Eviplera, rilpivirine+tenofovir+emtricitabine Elvitegravir+cobicistat+tenofovir+emtricitabine Dolutegravir+abacavir+lamivudine





8.2 Immune Function and Health
The physiologic function of the immune system is to protect the human body from the invading infectious agents from the external environment. The infectious state can be described as the simultaneous presence of viral growth and the presence of immune system components that are responsible for fighting the infectious agent(s). When the immune system is engaged in injury repairs, physiologic problems at local and systemic levels do not persist long enough for symptoms to be clinically manifested. However, the disease state, which is caused by the failure of the immune system to control the first round of the growth of the infectious agent(s), is associated with clinical manifestation of symptoms such as fever, pain, and aches.
8.2.1 Immune System
The immune system consists of a network of cells, tissues, and organs that are connected by the lymphatic and circulatory systems. The immune system has two central functions: (1) protecting the body from outside invasive agents that can cause various infectious diseases; and (2) regulating all aspects of immune functions to prevent autoimmune diseases and cancer.
8.2.2 White Blood Cells
Leukocytes, white blood cells, the major type of cells involved in the immune system (Figure 8.2), are generally produced on a regular basis from three major areas: the thymus, the spleen, and bone marrow (BM). These lymphoid organs are connected by lymphoid vessels through tissue clumps (known as lymph nodes), which are located all over the body, particularly at the joints. Leukocytes use the lymphatic and circulatory systems to constantly monitor the body for infections, insults, and injuries. Leukocytes consist of two main types: phagocytes and lymphocytes. Phagocytes are further classified into neutrophils, monocytes, and dendritic cells (DCs). Both monocytes and DCs are commonly called antigen-presenting cells (APCs). Phagocytes have two main functions: (1) to engulf invading pathogens and digest them into pieces (known as peptides) or kill them; and (2) to communicate with lymphocytes by presenting them with the digested peptides with human leukocyte antigen (HLA) restriction. HLAs are present on almost all nucleated cells. With the aid of HLA molecules, lymphocytes are able to distinguish between self-peptides and foreign pathogenic peptides so that they can generate the appropriate immune responses as described below.
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Figure 8.2 Cells in the immune system.
8.2.3 Lymphocytes
Lymphocytes are categorized into B and T lymphocytes. B lymphocytes are initially produced in the BM, and then they migrate to the spleen for maturation prior to distribution into the peripheral lymphoid organs, including the lymph nodes. Upon interacting with APCs and T cells, B cells are differentiated into plasma cells, which migrate back to the BM and produce five different classes of antibodies that are each specific for an individual pathogen. Initially, they all produce immunoglobulin M (IgM) and then switch to producing IgG and IgA. IgA antibodies can be secreted into body fluids such as breast milk. However, IgG is the only antibody that can cross the placental barrier to provide protection for the unborn child against pathogens. IgD is important for B cell development. IgE is a critical causative factor in allergies, which will be discussed in detail later in this chapter. This system of immunoglobulin antibody production is called humoral immunity and generally takes 3 weeks to be generated from the initial exposure of pathogens.
8.2.4 T Lymphocytes
T lymphocytes are also produced in the BM but migrate to the thymus instead in order to recognize self versus non-self (foreign) with HLA molecule restriction. T lymphocytes are divided into two groups on the basis of the specific expressions of the T-cell receptor (TCR). The majority of T lymphocytes express αβ TCR, whereas a smaller population expresses γδ TCR. The αβ TCR expressing T lymphocytes are then further classified into helper T lymphocytes (CD4 expression) and cytotoxic T lymphocytes (CTLs) (CD8 expression). Helper T lymphocytes are very important for specific immune responses following communication with APCs with HLA-class II restriction. This activation causes the production of various cytokines, which stimulate B lymphocytes and CTLs. The latter can kill the infected cells in the body effectively in the presence of HLA-class I. The natural killer (NK) cell population has a role in the lymphocyte compartment; they can also recognize body cells as self in the context of HLA-class I and kill the infected cells in the body. This system of cell-to-cell communication and immune response is called cell-mediated immunity, which has immunologic memory that is generally maintained throughout an individual’s life. These immune cells consistently fight off infections, and it is their failure to control infections that leads to the progression of a given disease. The failure to control an infection is evident when clinical symptoms such as fever and headache occur. Drug treatments are useful to control the growth of a pathogen, and this facilitates the body’s specific immune response to “catch up” and eradicate the disease. Since HIV binds to CD4 along with chemokine receptors such as CCR5 and CXCR4 to cause the infection, we will focus on the CD4 subsets in this chapter and discuss their interactions with HIV and nutritional components.
8.2.5 Helper CD4 T Lymphocyte Subsets
T helper (Th) cells play an important role in developing a robust and lasting immune response against bacterial, fungal, and viral infections and against tumor cells. Besides Th1 (IFN-γ producing), Th2 (IL-4 producing), and regulatory T cells (Treg), Th17 cells play an important role in immune protection against pathogens. Furthermore, Th17 cells participate in mediating the immunopathologic manifestations of a number of autoimmune diseases. Naïve CD4+cells differentiate into Th17 cells by expressing retinoic acid–related orphan receptor-γt (ROR-γt) upon TCR-mediated stimulus in the presence of transforming growth factor β (TGF-β) and interleukin 6 (IL-6), IL-1β, IL-21, or IL-23 and produce a number of proinflammatory cytokines, including IL-17, IL-21, and IL-22 [6–16]. Tregs (CD4+and CD25+) participate in immunologic homeostasis by active suppression of inappropriate immune responses. Tregs express CD4+, CD25, CTL antigen (CTLA)-4, and CD62L as surface antigens and are naturally present in peripheral blood. Their suppressive activity is primarily dependent on the expression of forkhead box protein (Foxp) 3, a transcriptional factor with specific expression in Tregs. Among the cytokines, TGF-β is necessary for the expression of Foxp3, whereas IL-6, in part, abrogates the suppressive functions of Tregs [17–24]. Potentially, within the each subset, central memory (CD45RO+CCR7+) and effector memory (CD45RO+CCR7−) populations could be present.
8.3 Nutrition and Health
There are five major illnesses throughout the world are HIV/AIDS, tuberculosis, cancer, heart disease, and diabetes; poor nutrition and a deficient immune system are etiologic factors in all of them. Nobel Prize winner Linus Pauling noted that the quality of diet in the first 45 years of an individual’s life determines the quality of their health in the next 45 years of their life. Preventive measures are always preferable to any single or combination treatment for a given disease. Therefore, healthy dietary components, particularly those that enhance immunity against infections, are critical for current and future wellness of humans worldwide.
8.3.1 Vitamins and Supplements in Health
Balanced nutrition is central to the maintenance of health. Various immune-modulating nutrients include glutamine, arginine, omega-3 fatty acids, selenium, antioxidants, and multivitamins [25]. Numerous health issues are related to the results of poor nutritional practices. High-fat, high-calorie diets lead to obesity, which is a growing problem throughout the world. It is well established that obesity is a substantial risk factor for a number of life-threatening conditions that include, but are not limited to, cancer and heart disease [26,27]. High intake of dietary salt is associated with increased blood pressure, which is a high risk factor for the mortality due to cardiovascular diseases. According to a study, 1.65 million cardiovascular disease–related deaths in 2010 could be attributed to the doubling of dietary salt intake. High intakes of sodium are known to contribute to kidney disease and gastric cancer [28]. Recent studies have provided valuable information on the importance of metabolites generated by resident microbiota (otherwise known as normal flora) and how they influence human health. The gastrointestinal tract, particularly the large intestine, contains metabolically active microbiota populations (100 billion per gram of contents), which are anaerobic bacteria consisting of firmicutes and bacteroidetes. It has been well documented that dietary composition dictates the diversity in these microbiota populations and their metabolites. Various dietary components can attract resident immune cells to participate in preserving or harming health. This entails a complex process that has a bearing on the physiology of nutritional absorption and tissue distribution within the human body [29]. Furthermore, recent studies have convincingly demonstrated that vaginal microbiota, composed predominantly of lactobacilli, are an indication of the health of the vaginal microenvironment. This warrants a re-evaluation of high-risk groups in the population, including HIV-positive women, since polybacterial dysbiosis is considered a high-risk factor. In light of this information, public health organizations ought to pay close attention to transmissions from infected mothers to children [30]. It has been shown that a healthy vaginal microenvironment resists HIV infection [31]. Unhealthy changes to the vaginal microbiota can be created by the use of certain types of contraceptives. Depot medroxyprogesterone acetate (DMPA) has been linked to an increased incidence of HIV infection; thus, its continued use as a contraceptive is being debated. However, more than 26 million women use DMPA worldwide. Tissue explants from the cervix during the secretory phase when progesterone levels are higher, compared with the proliferative tissue, are significantly more susceptible to HIV infection. If DMPA alters the vaginal microbiota and the reproductive mucosal immune system by overwhelming the system with progesterone, HIV infection occurs; in light of this, the therapeutic efficacy of antiviral drugs need to be comprehensively evaluated [32].
8.3.2 Nutrition and Immunity
Retinoids (retinol, retinal, retinoic acid, retinyl β-glucuronide, and 13-cis retinoic acid) and carotenoids (β-carotene [BC] and canthaxanthin [CTX]) were evaluated for their immunomodulatory effects on human peripheral blood T-lymphocyte subpopulations and NK cells. Peripheral blood mononuclear cells (PBMCs) from healthy young volunteers were isolated and incubated for 72 h at various levels of retinoids and carotenoids, including a physiologic concentration (10−8 M). Expression of surface antigens for total T cells, T-helper and T-suppressor cells, and activation markers (transferrin receptor, HLA-Dr antigen, and IL-2 receptor) were analyzed with an EPICS V flow cytometer. Retinoic acid and 13-cis retinoic acid (13-cRA) produced significant increases in the percentage of cells with markers for total T-helper cells but had a minimal effect on the percentage of lymphocytes with markers for NK cells. However, BC, CTX, and retinyl β-glucuronide (RBG) dramatically increased the percentage of PBMCs with markers for NK cells and produced a smaller increase in lymphocytes with surface antigens identifying them as T-helper cells. Furthermore, retinol and retinal did not show significant change either in the percentage of lymphocytes with markers for T-helper cells or in the helper-to-suppressor ratio. An increase in the expression of HLA-Dr antigen and transferrin receptors was greater when cells were incubated with 13-cRA than with BC, CTX, or RBG, whereas carotenoids produced a greater increase in the expression of IL-2 receptors than 13-cRA. These studies indicated that both retinoids and carotenoids might be activating different subpopulations of immune cells [33–35]. Recent advances have demonstrated that thymus-derived, naturally occurring CD4+Foxp3+Tregs are dysfunctional in the presence of proinflammatory cytokines. TGF-β is important in converting naïve T cells into Treg cells, which are critical in the prevention of autoimmunity. However, TGF-β plays a role in the differentiation of proinflammatory IL-17 cytokine-producing Th17 cells, which are important in promoting autoimmunity and inflammation in the presence of IL-6. Vitamin A–derivative retinoic acid is a key regulator of TGF-β–dependent immune responses. Retinoic acid is also capable of promoting anti-inflammatory Treg cell differentiation to inhibit Th17 cell differentiation. Adoptive transfer of Tregs treated with vitamin A exhibited significant suppression in xenograft-versus-host diseases. Vitamin A also increases histone acetylation on Foxp3 gene promoter and CpG demethylation in the region of the Foxp3 locus [36,37].
8.3.3 HIV Immunity
Currently, women constitute an increasingly greater percentage of individuals with HIV in the world today, and 40% of those women acquired HIV through heterosexual encounters. The virus is generally spread through mucosal tissues within the female reproductive tract (FRT). The complex mucosal immune system is regulated by steroidal hormones. To determine the influence of the human uterine cells, recovered at different stages of the menstrual cycle and following menopause, on the proliferation of PBMCs, whole cell suspensions of uterine tissues were co-cultured with autologous and heterologous PBMCs. PBMC proliferation in response to tetanus toxoid or Con A was inhibited by the uterine endometrial cells and was dependent on the phase of the menstrual cycle. Inhibition by cells from the proliferative phase was significantly greater than by cells from the secretory phase. Uterine cells isolated from postmenopausal women also inhibited proliferation of PBMCs. Cell fractionation studies indicated that epithelial cells are the primary source of uterine inhibitory activity. When epithelial cells and PBMCs were cultured in separate compartments, epithelial cells released a soluble factor(s) that inhibited PBMC proliferation. These studies suggest that uterine epithelial cells produce cytokines that downregulate the proliferation of PBMC in response to antigens and mitogens. This may be important for the control of uterine immune responses and for the growth of the reproductive tract in preparation for fertilization during the secretory phase of the menstrual cycle [38].

Immunophenotypical analyses of the FRT by a three-color immunofluorescent staining have been used to show that lymphoid aggregates, which are absent in postmenopausal women, develop in the uterine endometrium during the menstrual cycle in premenopausal women. Lymphoid aggregates are composed of a B lymphocyte core surrounded by numerous CD8+CD4−T lymphocytes and an outer halo of macrophages. Macrophages, CD4+and CD8+T cells, and CD56+NK cells are distributed throughout the uterine endometrium. In contrast, the fallopian tube, cervix, and vagina, which lack lymphoid aggregates, contain CD8+and CD4+T cells, as well as macrophages. The FRT has also been analyzed for the presence of antigen-independent CD3+T-lymphocyte cytolytic function with an anti-CD3 monoclonal antibody (Mab)–mediated redirected lysis assay. High levels of CD3+T-lymphocyte cytolytic activity were demonstrated in the cervix and vagina at independent of stages of the menstrual cycle. In the uterus, cytolytic activity changed with the endocrine state. In postmenopausal women, the uterine endometrium had CD3+T lymphocytes with high cytolytic activity, whereas premenopausal women had CD3+T lymphocytes with moderate cytolytic potential during the proliferative phase to low or no cytolytic activity during the secretory phase of the menstrual cycle. Furthermore, these studies, by measuring nef expression and p24 release, suggested that the upper reproductive tract (the fallopian tube, and from the uterus and cervix) could be infected by HIV. This demonstrated that the human FRT is an inductive site for immune responses, and cell-mediated immunity is present throughout the FRT. These studies further indicated that the fallopian tube and the uterus are potential entry sites for HIV and that the uterine immune cell architecture and cytolytic activity are greatly influenced by the endocrine system [39].

HIV uses the host’s immune system for its replication and transmission from one host to another. Researchers have shown that HIV has multipronged effects on the immune system, especially on the CD4 T-cell populations. Even though, HIV is engulfed through the phagocytosis process by a number of immune cells and is capable of staying in most of the cells in a dormant state for extended periods, the virus actively infects CD4+T cells upon binding to them exclusively to CD4 and CCR5 receptor-mediated direct fusion [40]. The infectiousness of the virus is accelerated against CD4 when the cells are dividing. When these CD4 cells are busy generating immune responses against opportunistic infectious agents, HIV takes advantage of the proliferative conditions of the CD4 compartment to infect them. Therefore, opportunistic infections will flare up in patients with HIV and most often lead to death. Various analyses have revealed that HIV induces excessive activation of the immune system via toll-like receptor (TLR)–mediated responses and blocks in the maturation of various T-cell subsets by eliminating Th17 cells in mucosal tissues, accelerating immunosenescence and loss of T-cell capacity to secrete various antiviral cytokines and chemokines [41]. It has been shown that gp120 from HIV is recognized by TLR2/4 expressed on the FRT epithelium to initiate immune activation, which will primarily facilitate the initial entry of HIV by disruption of the tight junctions between the epithelial cells to create an entry passage for HIV [42]. In men, semen is a rich medium for transmission of HIV, consisting of high concentrations of TGF-β. Seminal plasma from men with chronic HIV infection consists of very high levels of active TGF-β and presents decreased levels following ART, whereas blood consists of high levels of latent TGF-β. Conversion from the latent form to the active form of TGF-β could regulate the viral load and immune activation in the male reproductive tract, but it may vary, depending on the stage of infection [43].
8.4 Role of Nutrition in HIV/AIDS
ART depletes vital nutrients in the body and dampens the overall health of the patient. In countries with low to middle economies, due to lack of resources and funding, medical facilities are not able to provide ART effectively; neither are they able to combat the severely detrimental side effects of ART, rendering patients with HIV malnourished and their bodies unable to rebuild their immune system. Additionally, pre-existing malnourishment contributes to the rapid progression of HIV once the person becomes infected. The issues arising from the intricate relationships among poor nutrition, weak immunity, and aggressive HIV infection are complex and need to be addressed systematically in the battle against the HIV/AIDS epidemic around the globe [44].
8.4.1 Vitamins
In a study with mice, infection by LP-BM5 murine leukemia virus produced an AIDS-like condition. The viral infection suppressed the peripheral blood cells showing surface markers for macrophages, activated macrophages, T lymphocytes, and activated lymphoid cells. High dietary vitamin A (retinyl palmitate) caused increased numbers of activated macrophages. It also increased the percentage of cells with markers for Ia+cells and macrophages in the retrovirus-infected mice compared with infected controls. In uninfected mice, retinyl palmitate stimulated the percentage of cells with activated lymphocytes bearing IL-2R, and T cytotoxic cells. These were associated with a lower death rate during infection with LP-BM5 murine leukemia in C57BL/6 mice. By 25 weeks of infection and 20 weeks of retinal palmitate supplementation, 71.3% of the treated subjects survived compared with 45% infected controls. The mice also had an elevated quantity of B cells in blood after 4 and 8 weeks of dietary treatment. Vitamin A stimulation may play a role in reducing the death rate for retrovirus-infected mice [45]. BC is a nontoxic carotenoid with immune-modulating properties in animals and humans. The effects of this compound in 11 patients infected with HIV were evaluated. Each subject received 60 mg of BC daily for 4 months. Clinical and laboratory values were obtained at baseline, every month during on treatment and for 2 months after treatment. Increases in the percentage of NK cells and transferrin receptor (activated lymphocytes) were observed after 3 months of treatment with BC. These studies suggested that BC can modulate certain immune markers in HIV-infected subjects. Further study of this compound in HIV infection may be warranted [46]. It is well established that low levels of serum selenium are associated with an increase in the risk of mortality in patients with HIV in East Africa. The poor nutritional status can accelerate the progression HIV infection in these patients. Nutritional supplementation, combined with ART, is shown to be beneficial to the immune system in the fight against the HIV infection [47]. Multivitamin supplementation (vitamins A, B, C, and E and BC) clinical trial in Tanzania showed that the vitamin supplements delayed the progression of HIV infection [48].
8.4.2 Vitamin E
AIDS is the end point in the progressive sequence of immunosuppressive changes caused by HIV infection. Vitamin E supplementation, in high doses, is documented to slow the detrimental immunologic, nutritional, and other pathologic modifications caused by AIDS as well as by malnutrition. The drawbacks of pharmacologic therapy are the toxic side effects of agents such as zidovudine (AZT) and the failure to correct immune dysfunctions and malnutrition. The discovery of AZT-resistant HIV strains has necessitated the formulation of new strategies for clinical research and for the treatment of AIDS in conjunction with the existing therapies. Low-toxicity nutritional agents such as vitamin E, which have immunity-enhancing and antioxidant properties, may help treat retrovirus-induced immune dysfunctions, malnutrition, and other pathologic symptoms, thus retarding the progression of the infection to AIDS. Vitamin E supplementation could be a useful adjunct in AIDS therapy. However, information about nutritional therapy for people with AIDS, particularly the use of vitamin E supplementation, in combination with existing treatment approaches, is limited, and further research is therefore warranted [49].

8.4.3 Immune Depot
The functional impact of individual T-helper subsets is complex and variable in its antiviral response. Th17 cells provide significantly less protection against HIV infection when interferon-alfa (IFN-α) is present [50]. This phenomenon is further complicated by genetic variations among population with HIV. Recently, a study identified 39 genetic loci specifically associated with Th17 cells [51]. Th17 cells are higher in the endocervix and ectocervix compared with the endometrium, making them susceptible to HIV infection upon entry of the virus [52]. During HIV infection, Tregs lose the expression of CTLA-4 by the inhibition of the nef protein from HIV. Even long-term ART cannot normalize Treg populations in HIV patients, causing permanent immune dysfunction in these patients [53]. Long-term ART may create HIV viral storage CD4 compartment with memory stem cell characteristics. These CD4 memory stem cells are composed of highly dense latent HIV viral particles over the time and last for more than 10 years. The only hope is that very early treatment regimens may reduce the number of these storage pools [54,55].
8.5 Summary
HIV/AIDS is a highly complex and variable disease with a high mortality rate. The transmission of HIV/AIDS is through sexual intercourse and blood-to-blood transmission through blood transfusion, organ transplantation, and contaminated needle use. Despite the attack on the immune system by HIV, the host does not exhibit symptoms for a period, as the immune system is able to put up a fight against the infection to a certain extent. As the infection progresses, the capabilities of the host immune system deteriorate and symptoms begin to be manifested, at which point the infection is classified as AIDS. HIV/AIDS attacks the core of the immune system, creating deficiencies at local and systemic levels. The core of the immune system is the CD4 cell; it is responsible for directing the other components of the system in responding to invading agents through generation of specific clones for the destruction of infected cells. This disease targets these essential CD4 cells and renders them incapable of performing their functions, diminishing the body’s ability to sufficiently combat not only the HIV infection but also other opportunistic infections. The human reproductive system is made up of mucosal immune systems that contain unique microenvironments consisting of microbiota and steroid hormones, all of which exist in a precise balance. The complexity of these environments is such that any changes can cause substantial damage. HIV targets the components of these microenvironments, disrupting the balance and establishing a gateway for further proliferation in the body. Malnutrition is both a cause and an effect in course of the HIV infection in patients. Lack of proper nutrients render the system vulnerable to infection; the infection and the side effects of treatments further degrade the system, compounding the malnutrition and reducing the ability of the immune system to fight the infection. ART is not sufficiently accessible to all patients with HIV. When provided, the treatment can cause serious damage through adverse effects, but this can be partially mitigated through vitamin supplementation and by increasing the nutritional value of the patient’s diet. Vitamins A, E and BC are all beneficial in combating the specific effects of the disease as well as the adverse effects of its treatment.
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In well-resourced settings, early infant diagnosis and administration of life-saving antiretrovirals (ARVs) have significantly improved clinical outcomes in pediatric human immunodeficiency virus (HIV) infection. The dramatic increase in survival rates is associated with enhancements in overall quality of life, which reflect a multidisciplinary, holistic approach to care. Current optimism starkly contrasts with the outlook and prognosis two decades ago, when failure to thrive and wasting syndrome from uncontrolled pediatric HIV infection resulted from poor oral intake, malabsorption, chronic diarrhea, and a persistently catabolic state. The tenets of care developed from that era still hold true in that all infants, children, and adolescents with HIV require comprehensive nutritional services in addition to effective combination antiretroviral therapy (cART). This chapter will review the principles of nutrition in the pre- and post-cART eras and discuss the etiologic factors associated with malnutrition, with an emphasis on interventions that have favorably impacted the growth and body composition of infants, children and adolescents with HIV.
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9.1 Introduction and Epidemiology
The global pandemic of human immunodeficiency virus (HIV) infection has had grave consequences in the lives of affected infants, children, and adolescents, with more than 33% of infant and child mortality attributed to HIV infection in endemic locations [1]. In settings where voluntary and public resources are insufficient to provide long-term care, millions of children initially cared for by relatives have now been orphaned. However, many guardians themselves get sick or become overwhelmed by the number of dependents for whom they have to provide care. The growing number of street children and child-headed households are often the outcomes of a chain of events that begin with the HIV infection of a mother, her partner, or both.


In the United States, perinatal transmission has decreased to such a significant extent that current estimates indicate less than 200 infants born with HIV annually [2,3]. With the implementation of recommendations for universal prenatal HIV counseling and testing, antiretroviral (ARV) prophylaxis, scheduled cesarean section delivery, and avoidance of breastfeeding, the rate of transmission events has decreased to less than 1% in the United States and Europe [4–8]. However, there remains an unacceptable annual rate of newly diagnosed HIV-1 infections among infants in the United States, with the persistence of marked racial and economic disparities [9].

Most pediatric HIV infections (>90%) are caused by vertical transmission, with events more common to areas where antenatal HIV seroprevalence is high [10]; 21 countries in sub-Saharan Africa and in South, East, and Southeast Asia account for more than 90% of the pregnant women needing ARVs to prevent vertical transmission. However, global rates of new HIV infections and prevalence among young people have fallen in many countries, likely due to reductions in vertical transmission rates and improvement in access to effective cART, which has decreased secondary transmission events.
9.2 Pediatric HIV-1 Infection: A Clinical Overview

9.2.1 The Pathophysiology of Pediatric Compared with Adult HIV Infection
Perinatal infection occurs at a time of relative immunologic immaturity. The inability to control viremia exposes the thymus and other lymphoid tissue to HIV-1–mediated destruction at a time of active thymopoiesis and lymphopoiesis [11]. Given that the virus is transmitted from the mother and that the degree of human leukocyte antigen class I sharing between mother and infant is high, the virus could evade the protective immune response of the newborn, which results in accelerated disease progression [12].

In contrast to adults, HIV-1-related symptoms, CD4+T cell depletion, or both develop in most untreated vertically infected children within the first few years of life [13]. In addition, plasma HIV-1 ribonucleic acid (RNA) levels remained elevated over the first 2 years among infants [14] and do not decrease to less than 105 copies/mL through at least the third year of life [15]. The prolonged elevation of plasma HIV-1 RNA levels may be related to the kinetics of viral replication, the size of the pool of host cells that are permissive to viral replication, and immature virus-specific immune responses.

9.2.2 The Bimodal Distribution of Pediatric HIV-1 Infection
The infection in perinatally infected infants and children progresses more rapidly than in adults. Although 4% of the world’s population with HIV-1 infection comprises children, 20% of all AIDS deaths were previously in this group. Early studies before the era of cART indicated that a subset of children (~25%) progressed very rapidly to AIDS within 1 year. The median time to AIDS for the remaining 75% was 7 years [13].

In adults, opportunistic infections (OIs) are often secondary to the reactivation of pathogens acquired before HIV infection. In contrast, in infants and children with vertical infection, OIs often reflect primary acquisition of host pathogens during ongoing HIV replication and advancing immunosuppression. For example, young children with active tuberculosis more often present with miliary disease.
9.2.3 The Clinical Course of HIV-1 Infection in Children
Without effective cART, the most common OIs in children include serious bacterial infections such as pneumonia and bacteremia. Common co-pathogens and OIs that are difficult to eradicate without successful immune reconstitution include chronic mucosal or disseminated infections with herpesviruses, namely, cytomegalovirus (CMV), herpes simplex virus (HSV), human herpes virus 8 (HHV8) and varicella zoster virus (VZV). Primary disseminated and reactivated tuberculosis is a major cause of morbidity and mortality among children with HIV in communities where infection with the pathogen is endemic. Disseminated disease with Mycobacterium avium complex may occur in children with HIV and advanced immunologic deterioration. Pneumocystis jiroveci (formerly carinii) pneumonia (PCP) is a common and serious OI associated with a high mortality rate. Pneumonia most often manifests between 3 and 6 months of age in infants with vertically acquired HIV infection. Candidiasis (topical, oral, esophageal, and tracheobronchial) is the most common fungal infection in these children.

Causes of acute and chronic central nervous system (CNS) infections include those caused by Cryptococcus neoformans, and Toxoplasma gondii. Less commonly observed OIs include cryptosporidiosis and systemic fungal infections. Clinical presentations include hepatosplenomegaly, failure to thrive, oral candidiasis, recurrent diarrhea, parotitis, cardiomyopathy, hepatitis, nephropathy, developmental delay, encephalopathy, lymphoid interstitial pneumonitis, recurrent bacterial infections, and specific malignancies. Malignancies include non-Hodgkin B-cell Burkitt-type lymphomas, leiomyosarcomas, and Kaposi sarcoma, which are commonly described in children with HIV who are of sub-Saharan African ethnicity.

In the United States, in clinical practice, the number of OIs seen in children with HIV has decreased, reflecting the widespread use and administration of effective cART regimens. However, OIs continue to be the presenting symptom of HIV infection in infants due to lack of antenatal testing in mothers or in adolescents and young adults who are increasingly infected through horizontal transmission.
9.2.4 Intestinal Dysfunction Associated with Pediatric HIV Infection
The intestine is a primary target organ for HIV. HIV infection causes a depletion of CD4+T lymphocytes in gut-associated lymphoid tissue, including selective loss of a subset of T helper cells called Th17 lymphocytes, which are important in gut mucosal containment of extracellular pathogens such as Salmonella typhimurium. Th17 cells are lost early in retroviral infection and are not replenished over time. This depletion impairs long-term gastrointestinal (GI) mucosal integrity and permeability, causing increased bacterial translocation and immune activation. The intestinal mucosa is also the main reservoir of HIV in the body despite effective virologic suppression with cART. Among untreated children with HIV, as many as 80% will have one or more intestinal disorders at a given time, with iron malabsorption present nearly 50% of the time [16].
9.2.4.1 HIV Enteropathy
HIV enteropathy is secondary to direct HIV-mediated injury and indirect immune-mediated injury to the GI tract mucosa in the absence of specific opportunistic enteropathogens, perhaps reflecting selective loss of Th17 lymphocytes. HIV enteropathy can occur in children and adolescents at all stages of HIV infection. Clinical manifestations include chronic diarrhea, increased intestinal permeability, malabsorption, and malnutrition. Histologic changes include lymphocytic infiltration of the GI tract mucosa, villous atrophy and blunting, and crypt hyperplasia [17,18]. A direct cytopathic effect of HIV on the intestinal mucosa is supported by the observation that clinical signs and symptoms improve after initiation of effective cART in association with virologic suppression and immune reconstitution of CD4+T cells [19].
9.2.5 Enteropathogens and Diarrhea in Pediatric HIV Infections
Acute, recurrent, and chronic diarrhea associated with malabsorption and growth impairment frequently occur in children with untreated HIV infection and advancing immunosuppression. Commonly identified infective enteropathogens include bacteria (Salmonella, Shigella sp.), viruses (including rotavirus, adenovirus, CMV), parasites (Entamoeba, Giardia, Cryptosporidia, Microsporidia, Isospora), and opportunistic fungi [20]. In children with HIV, frequent and persistent watery diarrhea is the most common presentation of cryptosporidial, microsporidial, and isosporidial infections, associated with abdominal cramps, fever, vomiting, anorexia, weight loss, and poor weight gain [7].

Untreated chronic severe diarrhea may cause malnutrition, failure to thrive, severe dehydration, or a combination of all these problems. GI tract disease caused by CMV may include esophagitis, gastritis, pyloric obstruction, hepatitis, pancreatitis, colitis, ascending cholangitis and cholecystitis. Signs and symptoms may include nausea, vomiting, dysphagia, epigastric pain, icterus, and watery diarrhea. Stools may be bloody. Sigmoidoscopy in CMV colitis provides nonspecific results, showing diffuse erythema, submucosal hemorrhage, and diffuse mucosal ulcerations. Specific causes of diarrhea in representative adult subjects with AIDS are presented in Table 9.1 [21]. Data reflect prospective follow-up of 1,933 participants in the Swiss HIV Cohort Study; 560 diarrheal episodes were evaluated by standardized stool examination, with intestinal infections diagnosed in less than 50% of chronic diarrheal episodes [22].


Table 9.1

Infectious gastrointestinal manifestations of HIV/AIDS





	Site
	Manifestation or infecting organisms




	Oral
	Candidiasis


	Herpes simplex virus


	Human papillomavirus


	Oral hairy leukoplakia


	Kaposi sarcoma


	Lymphoma


	Esophagus
	Candidiasis


	Cytomegalovirus


	Herpes simplex virus


	Cryptosporidiosis


	Kaposi sarcoma


	Lymphoma


	Stomach
	Cytomegalovirus


	Cryptosporidiosis


	Kaposi sarcoma


	Helicobacter pylori


	Small intestine
	Giardiasis


	Cryptosporidiosis


	Cytomegalovirus


	 	Salmonella sp.


	Enteroaggregative Escherichia coli


	Blastocystis hominis


	Isospora belli


	Rotavirus, calcivirus, astrovirus, coronavirus, picobirnavirus


	Adenovirus


	Shigella sp.


	Mycobacterium sp.


	Lymphoma


	Colon
	Cytomegalovirus


	Salmonella sp.


	Shigella sp.


	Campylobacter sp.


	Entamoeba sp.


	Lymphoma


	Clostridium difficile


	Adenovirus


	Anus/rectum
	Kaposi sarcoma


	Lymphoma


	Squamous cell carcinoma


	Papovavirus


	Hepatobiliary
	Mycobacterium sp.


	Cytomegalovirus


	Cryptococcus, histoplasmosis


	Hepatitis B, hepatitis C, or hepatitis D


	Cryptosporidiosis


	Kaposi sarcoma


	Microsporida


	Pancreas
	Cytomegalovirus


	Mycobacterium sp.


	Cryptosporidiosis
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The site and severity of infection vary according to the infecting organism. Oral mucosal ulcerations secondary to infectious agents such as Candida albicans, CMV, or HSV cause inflammation and pain during swallowing or after eating, which may lead to reduced oral intake. Opportunistic enteropathogens such as Cryptosporidium, CMV, and microsporidia [23] may affect the hepatobiliary system and pancreas in addition to the GI tract, resulting in vomiting, abdominal pain, and malabsorption.
9.2.6 HIV and Tuberculosis Co-Infection
In resource-limited settings, disease with Mycobacterium tuberculosis is the most common cause of death in subjects with HIV. HIV and tuberculosis (TB) accelerate disease progression and mortality and are associated with marked clinical wasting; the extent of wasting is related to the severity of TB [24]. The largest proportion of newly diagnosed children with HIV in many US centers are foreign born and at higher risk of prior and potentially ongoing exposure to TB. TB is almost always transmitted to children by an adult, most commonly a household contact, and the infection in children is primary infection rather than reactivated disease as in adults. There should be an increased index of suspicion of TB infection and disease in children with HIV, particularly in the context of clinical wasting and a low threshold for empiric antituberculosis therapy, even when diagnostic investigations fail to identify a TB-causing organism.
9.3 The Impact of Pediatric HIV Infection on Nutrition

9.3.1 Wasting in Pediatric HIV Infection in the Pre-cART Era in the United States
The combination of underlying HIV infection, nutritional status (particularly protein-energy malnutrition), and host immunity are inextricably interdependent. In the United States, prior to the widespread administration of effective cART, the predominant effect of advancing immunosuppression on nutritional status in children with HIV was wasting and negative energy balance, which predicted both morbidity and mortality [25].

In the pre-cART era, OIs were major precipitants of weight loss, necessitating prevention or prompt diagnosis and treatment to prevent wasting and to promote weight recovery [26]. Growth in children with HIV was persistently below normal standards, with reduced height and weight velocities, compared with HIV-exposed but uninfected children.

In 1994, the Centers for Disease Control and Prevention (CDC) defined wasting in children younger than age 13 years as (1) persistent weight loss of more than 10% of baseline; (2) downward crossing of at least two percentile lines on the weight-for-age chart in a child aged 1 year or older; or (3) less than the 5th percentile on the weight-for-height chart on two consecutive measurements at least 30 days apart, plus chronic diarrhea or documented fever for at least 30 days, whether intermittent or constant [27].

In addition to OIs, other etiologies that contribute to abnormal growth in untreated HIV infection in children include a synergistic combination of inadequate dietary intake, GI malabsorption, increased energy utilization, and socioeconomic adversity. The prevalence of malnutrition in children with HIV varied among centers in the United States with up to 30–50% of children followed up in pediatric HIV programs having demonstrable evidence of protein-energy malnutrition, which, in turn, exacerbated the immunosuppressive effects of HIV [28]. Common patterns of wasting included an early decline in weight and height in the first 3 months of life or early linear stunting with a normal weight-to-height ratio. Progressive wasting with low weights and heights were also well recognized and more commonly associated with infectious enteropathogens. Sequential follow-up demonstrated that growth in children with untreated HIV infection remained below growth in age-matched and gender-matched uninfected controls. Malabsorption also results in macronutrient and micronutrient deficiencies.
9.3.2 Micronutrients and HIV Infection
Micronutrient deficiencies are widespread and compound the effects of HIV infection in children. Deficiency can manifest in conditions such as fatigue, reduced learning ability due to anemia (iron deficiency), and impaired immunity [29]. Such deficiencies reflect inadequate nutrient intake and the consequences of excessive losses due to OIs, diarrhea, and malabsorption, as previously described. Other micronutrients that can also be malabsorbed resulting in deficiency include vitamin B12, folic acid, thiamine, zinc, selenium, calcium, and magnesium, and fat-soluble vitamins A and D [21].

The evidence base for the specific effect of micronutrient supplementation in children with HIV is limited, but a recent Cochrane review of 11 studies with 2,412 participants made the following key recommendations for practice. Benefits of periodic vitamin A supplementation in children over 6 months of age with HIV infection in resource-limited settings were supported by data from three African trials and were consistent with evidence of benefits of supplementation in uninfected children. Zinc supplements reduced diarrheal morbidity and had no adverse effects on disease progression in a single safety trial in South African children. Children with HIV should therefore receive zinc supplements in the management of diarrhea and severe acute malnutrition in the same way as uninfected children with the same conditions. The review emphasized that micronutrient deficiencies and immune dysfunction in children with HIV would only be restored with effective suppression of HIV replication [30].
9.4 ART in Pediatric HIV Infection

9.4.1 The Goals of ART During Pediatric HIV Infection
cART consists of drugs that target the life cycle of HIV at specific enzymes or receptors to inhibit replication thereby preserving or restoring immune function. Specific goals of administration of cART include maximally reduction of the plasma viral load below the limit of detection (<50 copies/mL), prevention of a selection of drug-resistant strains and maintenance of good immunologic status (repopulation with CD4+-naïve T cells), and prevention of clinical disease progression and OIs. Clinical trials of cART in infants and children with HIV have demonstrated dramatic reductions in morbidity and mortality (>80–90%) in the United States since widespread implementation from 1996 onward, so the vast majority of infants and children with HIV-1 can now be expected to survive to adulthood [31,32].

Five classes of ARV drugs are commonly available for HIV therapy. Two classes target the enzyme reverse transcriptase—non-nucleoside reverse transcriptase inhibitors (NRTIs) and the non-NRTIs. A third class—protease inhibitors (PIs)—target viral protease, whereas integrase inhibitors target that corresponding enzyme. In addition, CCR5 inhibitors target the viral co-receptor CCR5 on permissive target cells.
9.4.2 Difficulties with Implementation of cART in HIV-Infected Children

9.4.2.1 The Emergence of Resistant Viral Variants
HIV-1 mutability is largely the result of errors introduced into the viral genome during replication. The HIV genome is approximately 10,000 nucleotides long, and each new virion has an average of one mutation. This results in a large pool of quasi-species of viral variants that are incapable of productive infection but some of which may provide an adaptive benefit, for example, the development of ART resistance, to the virion.

Drug-resistance of the virus can develop during cART administration because of poor adherence, a regimen that is not potent, or a combination of these factors resulting in incomplete virologic suppression. In addition, primary drug resistance may occur in ARV-naive infants and children who can become infected with the resistant virus. Aggressive, multidrug cART as early in infection as possible, with daily adherence for an indefinite period, is advocated to fully suppress viral replication and to preclude the selection or emergence of resistant viral variants. Resistance testing has enhanced the ability to choose effective initial regimens as well as second- or third-line regimens. Therapeutic strategies continue to focus on timely initiation of ARV regimens that are capable of maximally suppressing viral replication in order to prevent disease progression, preserve or restore quantitative and qualitative immunologic function, and reduce the development of drug resistance [33].
9.4.2.2 Adherence and Toxicities
Difficulties with long-term adherence to cART—particularly in infants and children because of variable drug administration, absorption, and metabolism; pretreatment with maternal cART and vertical transmission of drug-resistant virus; acceptability and palatability of medications; and refrigeration of syrup formulations in warm climates—are all well documented. Long-term follow-up of infected infants and children involves longitudinal determinations of prognostic markers, including number and percentage of CD4 T cells, and viral load [34]. Such parameters provide a useful framework for the time to initiate and change therapy but involve frequent venipuncture in minors.

Long-term toxicities include lipodystrophy syndrome [35] and lipid abnormalities, cardiomyopathy, mitochondrial toxicity and lactic acidosis, renal tubular acidosis [36], hypersensitivity reactions, and CNS toxicity. Fortunately, the availability of new drugs and drug formulations has led to the use of more potent regimens with reduced short-term toxicity, lower pill burden, and less frequent medication administration, all factors that are associated with better adherence and outcomes.
9.4.3 Nutrition and cART
Enteral [37,38] or parenteral supplementation and appetite stimulants [39] can improve the nutritional status and weight in children with untreated HIV infection but have little effect on the growth velocity of height. However, effective virologic suppression with cART was shown to improve mean weight, weight for height, and muscle mass in 67 children with HIV, in whom PI-based therapy was initiated and maintained for a median of 5 months. These effects were independent of virologic suppression and improved CD4 T-lymphocyte counts [40]. These findings were also noted in the Pediatric AIDS Clinical Trial Group 219 study, which found that PI therapy improved both weight and height Z-score annually, after adjusting for CD4 cell count, age, gender, and race [41].
9.4.4 Body Fat Redistribution and Metabolic Changes Associated with cART
In the era of cART, following the introduction of PI-containing regimens, HIV-associated mortality decreased by greater than 80–90%, with significant declines in opportunistic and related infections [31,32]. These encouraging outcomes have been tempered by the side effects associated with ARVs. Altered body composition, lipid abnormalities, and abnormal regulation of glucose metabolism are consequences that result in an increased risk of cardiovascular disease, reflecting complications of inflammation with uncontrolled HIV infection and the specific ARV drugs as outlined.
9.4.4.1 Body Fat Redistribution
In children, adolescents, and adults, a clear syndrome of abnormal fat redistribution or lipodystrophy and metabolic changes associated with administration of cART is well described. Patterns of lipodystrophy vary from peripheral fat wasting, or lipoatrophy, in the face, extremities, and buttocks to central fat accumulation, or lipohypertrophy, in the abdomen, dorsocervical spine regions (buffalo hump), and breasts. Both conditions may occur alone or in combination [42,43] and can be difficult to assess in a growing child or adolescent, since changes in body fat occur normally during childhood and puberty [44]. Lipodystrophy in children with HIV is clinically evaluated by examination or self-report and has been documented to be as high as 32% [45].

Dual-energy X-ray absorptiometry (DEXA) quantifies total, trunk, and limb fat. Observational studies in children with lipodystrophy show decreased total and extremity fat and a greater trunk-to-extremity fat ratio in children with HIV compared with uninfected children [46,47] These changes are drug specific and associated with duration of therapy, with prolonged treatment and older age more likely to result in lipodystrophy. Treatment with NRTIs, including stavudine (d4T), zidovudine (AZT), and didanosine (ddI), is associated with a lower percentage of extremity fat and higher percentage of trunk fat and trunk-to-extremity fat ratio even after adjustment for wasting and stunting [21,43]. These changes in body fat distribution often cannot be reversed even after switching to less lipodystrophic ARV regimens.

In cohorts of children receiving a PI regimen, higher rates of dyslipidemia have been documented, with higher fasting lipids, cholesterol, and triglycerides. Lipodystrophy in patients results in much higher waist-to-hip ratios and elevated fasting insulin levels and blood pressure, which are all significant risk factors for cardiovascular disease [21]. For children without lipodystrophy, up to one fifth show symptoms of dyslipidemia.

In summary, when selecting ARV regimens, care must be taken to consider the above life-long side effects and their consequences. At a time when newer less lipodystrophic first-line regimens, including tenofovir, abacavir, ritonavir-boosted PIs (atazanavir and darunavir), and the integrase inhibitors, most with the added advantage of once daily administration, are available in the United States, regimens that include zidovudine, didanosine, and stavudine should be prescribed less often to children with HIV to reduce these potential long-term toxicities.
9.4.4.2 Metabolic Changes
Metabolic syndrome reflects a series of clinical conditions, including elevated triglyceride, low levels of high-density lipoprotein (HDL) cholesterol, hyperglycemia and insulin resistance, increased body fat distribution around the waist, and high blood pressure, all of which collectively increase the risk of cardiovascular disease. In individuals with HIV, the prevalence of metabolic syndrome is higher than in the general population and estimated to be 7–45% [21,48]. Although uncontrolled HIV in the absence of cART can cause low HDL cholesterol and high triglycerides, as discussed previously, ARVs also induce body fat redistribution in conjunction with metabolic changes. Earlier PIs, including treatment doses of ritonavir (without boosting other PIs), nelfinavir, and ritonavir-boosted lopinavir (kaletra) were documented to increase lipid plasma concentrations, including serum triglycerides, cholesterol, low-density lipoprotein (LDL) cholesterol, and apolipoprotein E and to lower HDL. Virologic control with the newer PIs, integrase inhibitors, tenofovir, and abacavir may be associated with increases in serum HDL, in the absence of these metabolic complications.
9.4.5 Reduced Bone Mineral Density
When compared with population norms, children with HIV were noted to have lower-than-expected bone mineral density (BMD) for their age and gender that may have been associated with delays in growth, sexual maturity, duration of HIV infection, ethnicity, and disease severity [49]. A more recent large study of 236 American children and adolescents with HIV, aged 7–24 years, showed that males with HIV had significantly lower BMD at Tanner stage 5 compared with uninfected males [50]. Reduced BMD secondary to cART administration was first described in 2001 from DEXA scans in vertically infected children, with the severity of osteopenia directly related to lipodystrophy [51]. However, a longitudinal study from 2013 in 66 Dutch children showed an association between longer cART duration and increases in spinal BMD Z-scores [52]. Lopinavir–ritonavir [50], full-dose ritonavir [53], and tenofovir [54] are associated with lower BMD in children. The principles of maintaining good bone health in youth with perinatal HIV infection is the same as those recommended for all youth in general. Adolescents should therefore receive at least 1,300 mg calcium per day and at least 600 IU vitamin D per day through their diet, by supplementation, or both [55].
9.4.6 Immune Reconstitution Syndrome
Immune reconstitution inflammatory syndrome (IRIS) is a disease-specific inflammatory response that can occur after treatment with ARVs is initiated, reinitiated, or changed, resulting in effective virologic suppression and immune reconstitution of naïve and memory CD4+T cells. IRIS has been noted to occur in children who begin ART while they have severe malnutrition, are severely immunosuppressed [56], or both. Risk factors therefore include a low CD4 nadir and high viral load levels prior to the initiation of cART. These children and adolescents often have numerous documented OIs before, during, and after cART initiation [56]. Further research is needed to reduce complications and to optimize clinical management when they do occur.
9.5 Nutritional Interventions and Adjunct Therapies
The interaction between HIV infection and nutrition is of great importance, and these two factors are interdependent, since strategies to improve nutritional status both quantitatively and qualitatively have been demonstrated to have a beneficial effect on clinical outcome and the immunologic course of the HIV infection.
9.5.1 Clinical Outcomes Associated with and Causes of Malnutrition in Pediatric Infection with HIV
Through the course of their disease, infants and children with HIV have numerous nutritional needs, which reflects, as previously described, impaired absorption, decreased oral intake, and increased nutrient requirements. Specific adverse outcomes secondary to specific nutritional deficiencies include the inability to achieve normal weight for height; malnutrition and wasting; growth failure and stunting; and neurocognitive, neurodevelopmental, and oral motor delay often from HIV encephalopathy. Early nutrition intervention is, therefore, essential and must be addressed simultaneously with the administration of cART, antimicrobial prophylaxis, and neurodevelopmental interventions. Collectively, a multidisciplinary approach is most effective in improving health outcomes and overall quality of life.

In the pre-cART era, the nutritional causes of malnutrition reflected (1) decreased oral intake caused by anorexia and by oral and esophageal lesions often from opportunistic pathogens, (2) gastroesophageal reflux and aspiration, (3) regression or nonattainment of key developmental milestones associated with oromotor dysfunction and impaired mastication, (4) malabsorption, (5) increased energy requirements and metabolism from OIs with associated negative energy balance, (6) vomiting and diarrhea from gastrointestinal (opportunistic) enteropathogens, and (7) indirect immune-mediated enteropathy.
9.5.2 Nutrition Interventions and Management Strategies Developed During the Pre-cART Era
At a time when effective cART was unavailable and faced with a debilitating catabolic disease and rapid disease progression in infants and children with HIV, nutritional interventions that were developed in the early 1990s by pediatric providers targeted four key areas:
1. Prompt management of diarrhea. In addition to isolation of opportunistic enteropathogens and prescribing appropriate antimicrobials for infectious etiologies, management of diarrhea mandates assessment of hydration status and rehydration by the oral or intravenous route.
2. Modification of diet in the setting of underlying food intolerance such as lactose or fat malabsorption, including pancreatic enzyme supplementation; and vitamin and mineral supplementation.
3. Treatment of oral or esophageal lesions with appropriate antimicrobials; other recommendations included introduction of a mechanical soft diet and nutritional supplementation.
4. Management of nausea and vomiting. In addition to appropriate anti-emetic agents, treatment also included recommendation of small frequent meals, liquid intakes between meals, and nutritional supplementation.
5. Management of anorexia included small nutrient dense foods, nutritional supplementation, and appetite stimulants such as megestrol acetate.

These early nutrition needs related to the unique physiologic demands for growth and development, so even today, interventions should be individualized according to the child’s specific needs and relate to disease stage, gastrointestinal function, and growth [57]. As a corollary, the energy and protein requirements for infants and children with HIV have not yet been established because individual needs vary, depending on age, growth, and the clinical and immunologic status that may increase energy and protein needs.

Infants and children with HIV who have slow weight gain are often prescribed high-protein, high-calorie diets. If nutritional needs are not met through a typical high-calorie, high-protein diet, then additional support may include oral nutritional supplements and overnight feeding through nasogastric or gastrostomy-tube feedings. A commercial formula with intact protein may be appropriate for children without underlying gastrointestinal pathology. Infants and children with HIV who have gastrointestinal malabsorption should receive a semi-elemental formula to maximize absorption. Elemental formulas are typically prescribed when semi-elemental formulas are not tolerated.
9.5.3 The Role of Enteral Supplementation
Infants and children with HIV who are unable to consume adequate calories orally often benefit from supplemental tube feeding. Enteral tube feeding supplementation improves weight gain in children with HIV who have growth failure [37,38]. Nasogastric tube feedings should be initially attempted and include night-time feedings, which allow the child to eat normally throughout the day. Complications relating to nasogastric tube feedings include sinusitis and the technical inability of the caregiver to place the tube or administer the feedings [21].

If delivery of feedings through a nasogastric tube improves growth, then placement of a more permanent device such as a gastrostomy tube should be considered. Enteral supplementation with gastrostomy feeding has improved nutrition in a number of chronic childhood illnesses by providing adequate energy intake to promote weight gain when oral intake is poor. Miller et al. [37] first investigated the effects of gastrostomy tube feeding on weight gain, height, body composition, immune parameters, morbidity, and mortality in 1995 on 26 children with HIV. Weight Z-scores before therapy were –1.6 and had decreased to –2.2 on initiation of nasogastric feedings. Gastrostomy tube feedings significantly improved weight Z-scores to get back to baseline approximately 5 months after initiation of feeding. Significant predictors of response to gastrostomy tube feedings included higher CD4 counts at initiation and lower weight-for-height Z-scores at baseline. These findings suggested that early intervention during acute weight loss offers the best chances of improving weight in children with HIV. Children with the greatest improvement in weight after gastrostomy tube placement spent less time in hospital and had a greater likelihood of survival compared with children who did not gain weight [37]. This small but important study demonstrated that early nutritional intervention improved quality of life and reduced morbidity in children with HIV at a time when effective cART was unavailable. In the cART era, compliance with medical therapy is often improved with more reliable delivery of ARVs through the gastrostomy tube and is associated with improved CD4 T-lymphocyte counts, virologic suppression, and improved longitudinal growth.

Guarino et al. tested the hypothesis that nutritional support improves intestinal and immune functions in 62 Italian children with HIV; 16 received enteral nutrition through continuous feeding, and 46 received total parenteral nutrition. The authors documented a significant increase in CD4 cell count, xylose levels, and body weight in those receiving enteral nutrition, suggesting that nutritional intervention may restore intestinal absorption and increase CD4 cell numbers if initiated early in the course of pediatric HIV infection [58].

Enteral feeding is preferred over parenteral nutrition to preserve the gut structure. Parenteral nutrition should be used only in those children unable to tolerate or gain weight on enteral supplementation, those who have recurrent or chronic biliary tract or pancreatic disease, and those who have intractable diarrhea with weight loss [21].
9.5.4 Megestrol Acetate
Megestrol acetate is an oral synthetic progesterone used since the early 1990s as an appetite stimulant. Weight gain tends to be associated with increase in body fat rather than muscle. Clarick et al. investigated the effects of megestrol acetate treatment on weight gain and linear growth in 19 children with HIV who had growth failure. The average duration of the study was 7 months. The study concluded that megestrol acetate was associated with weight gain but not linear growth during the treatment period. After the megestrol acetate treatment was discontinued, poor weight gain and weight loss were again noted [39]. Given the dramatic reductions in morbidity and mortality and the improved longitudinal growth in children with HIV in the United States since the widespread implementation of effective cART, megestrol acetate and other therapeutic agents (including growth hormone and the anabolic steroid oxandrolone) are prescribed very rarely, if at all, to subjects with HIV.
9.6 Conclusion
In the 1980s and early 1990s, the devastating effects of HIV infection on the health of infants, children, and adolescents became apparent and required a rapid and effective response globally. Over time, in the United States, with the introduction of ARVs, the clinical manifestations associated with HIV infection as well as its treatment were seen to increase, driven by the short- and long-term toxicities of these new formulations in combination. In children with HIV, these manifestations reflected metabolic changes; wasting and stunting from gastrointestinal dysfunction were most often described in the 1980s, but new clinical concerns in the early 2000s were related to altered body composition, lipid abnormalities, and abnormal regulation of glucose metabolism. These complications were often attributed to the first-generation NRTIs and PIs. The long-term cardiovascular risks of these ARVs on subjects with HIV are still unknown. After 2007, newer PIs and integrase inhibitors became more widely available and appear to have fewer metabolic adverse effects, although ongoing surveillance of these ARVs and tenofovir will be important to evaluate incidences of renal tubular dysfunction and BMD.

In the course of the changes in ART over the previous two decades, optimal nutritional support has continued to be a cornerstone of pediatric and adolescent HIV care, applying the same principles developed from the early 1990s to effectively support infants, children, and adolescents with HIV. These principles include ongoing comprehensive nutritional assessments and follow-up. When cART providing effective viral suppression was unavailable, enteral and parenteral support was associated with improved weight and body composition and overall survival and is still a key part of care for children and adolescents who present with advanced HIV disease. In addition, periodic vitamin A supplementation in children with HIV who are older than 6 months of age is supported by clinical trials in Africa. Children with HIV should also receive zinc supplements in the management of diarrhea and severe acute malnutrition in the same way as uninfected children with the same conditions. Investigators should continue to study the effects of oral hypoglycemic agents, lipid-lowering medications, and lifestyle changes on cardiovascular risk factors in patients with lipodystrophy and hyperlipidemia at this time when obesity has become endemic in many communities in the United States. This unfortunate development on long-term health also has implications for children and adolescents with HIV across the United States.

Nevertheless, the overall outlook for children with HIV has improved significantly since the 1990s, as reflected in the reduced rates of morbidity and mortality and improved quality of life. Perhaps a measure of the latter is the overall medication burden. Figure 9.1 is a child’s medications, as shown by Oleske et al. [57]. Figure 9.2 shows the pill burden for a number of adolescent patients in the United States in 2014. The last paragraph of Dr. Oleske’s article still relevant for 2014. To quote directly, “Compassionate, comprehensive, and coordinated clinical care services are required for all HIV-infected infants and children through adolescence. We must not underestimate their needs. As we improve their longevity with advances in primary HIV therapies, we must not let quality of life suffer due to a lack of nutritional intervention.”


[image: image]
Figure 9.1 The slew of daily medications for a 13-year-old long-term surviving patient with perinatally acquired HIV in 1996 included: zidovudine (AZT), didanosine (ddI), trimethoprim/sulfamethoxazole (Tmp/Smx), fluconzol, megase, prednisone, acyclovir, dapsone, biaxin, zalcitabine (ddC), albuterol, isonicotinylhydrazine (INH), rifampin, ranitidine (Zantac); beclomethasone dipropionate (Vancenase) inhaler; nystatin.
[image: image]
Figure 9.2 The high number of medications for an adolescent with HIV in 2014.
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Chapter 10

Vitamin D and HIV Infection

Immunomodulatory and Extraskeletal Effects. Prevalence, Risk Factors, and Effects of Antiretroviral Therapy
Miguel Cervero Jiménez, Victoria Alcazar Lázaro, Jose Luis Agud Aparicio and Concepción García-Lacalle,    Hospital Severo Ochoa, Madrid, Spain


Vitamin D, one of the most ancient hormones from an evolutionary point of view, is a steroidal hormone in its biological active form. Vitamin D deficiency is the most frequently encountered nutritional deficiency and probably is one of the most common medical conditions all over the world.

Recent interest in vitamin D has arisen after the discovery of vitamin D receptors (VDRs) in the cells of the immune system (T and B lymphocytes, dendrites and macrophages) and thus its immunomodulatory properties. Epidemiologic data on the relationship between vitamin D and immunity have been published. Some studies have shown vitamin D’s immunomodulatory effect in human immunodeficiency virus (HIV) infection. Low levels of vitamin D have been related to reduced CD4 counts, immune inactivation, anemia, illness progression, and increased mortality.

Antiretroviral therapy (ART) for HIV infection impairs vitamin D metabolism, interfering with the hydroxylation needed to activate it or increasing its conversion to 24,25 (OH)2 vitamin D. These effects do not seem to be entirely class dependent because some published reports have described differences between drugs of the same therapeutic group. Several studies have shown that efavirenz increases 25 and 1–25 vitamin D metabolism thereby increasing inactivation of this late, mainly by inducing the 24 hydroxylase enzyme. Some studies have shown that an antiretroviral regimen based on monotherapy with boosted protease inhibitors (PIs) is associated with the lowest risk of vitamin D deficiency.
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10.1 Historical Background
Vitamins are defined as essential substances that the body cannot synthesize in a sufficient amount and must be obtained through ingestion. Thus, vitamin D is best defined as a prohormone because its largest percentage is produced in the epidermis upon exposure to sunlight, and after a hydroxylation process, it is converted to a hormonal, active metabolite. An individual with adequate sun exposure would not require nutritional supplements to maintain vitamin D levels.

Vitamin D is one of the oldest hormones [1]. In the early stages of evolution, unicellular organisms obtained energy from sunlight by using carbohydrates and the process of photosynthesis and also had the capacity to make vitamin D by photosynthesis. A phytoplankton species, which inhabited the Sargasso sea (Atlantic ocean), was found, and its weight was 1% pro-vitamin D2 (Figure 10.1). This phytoplankton species was able to produce vitamin D by using the high calcium content of the oceans. Since then, this hormone has evolved to help humans efficiently absorb dietary calcium from vegetables.
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Figure 10.1 Origin of vitamin D: a phytoplankton specie.
In the millions of years of the evolutionary cycle, vitamin D has played an essential role in maintaining bone health in vertebrates and has thus contributed to global health and well-being [2,3].

The biologically active form of vitamin D is a steroid hormone (it has a similar biochemical structure) (Figure 10.2), although it was identified as a vitamin because of a “historical accident.” In 1918, Edward Mellamby, an English doctor who was studying rickets, found a dietary factor that could prevent illness in dogs that were not allowed to go outside and be exposed to sunlight. This dietary factor was cod liver oil. He named it “fat-soluble vitamin.” An American biochemist, Elmer V. McCollum, known for his work on the influence of diet on health, proved that the destruction of vitamin A in cod liver oil did not lead to the loss of the antirickets factor, and called this factor vitamin D. Later on, in the 1920s, Goldblatt and Soane, Sttenbock and Black, and Hess and Weinstock discovered independently, but simultaneously, that exposure to ultraviolet light radiation conferred antirickettsial properties to certain foods.

[image: image]
Figure 10.2 Structure of vitamin D2 (ergocalciferol).
In recent years, there has been a growing interest in vitamin D, not only because of its important role in bone and mineral metabolism but also because of its increasingly well-known extraskeletal effects. Various diseases as cancer, multiple scleroses, type 2 diabetes mellitus, inflammatory bowel disease, some autoimmune diseases, arterial hypertension, and cardiovascular disease have been related to low vitamin D levels [4].
10.2 Causes of Vitamin D Deficiency (Figure 10.3)

Vitamin D is one of the most commonly known nutritional deficiencies and is a frequently encountered medical condition globally [5]. In some situations such as hospitalization, residence in nursing homes, long-time immobilization, cancer, and skin conditions that that require avoidance of sunlight exposure, intestinal malabsorption, pregnancy, osteoporosis, and autoimmune illnesses are risk factors for vitamin D deficiency.
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Figure 10.3 Causes and consequences of vitamin D deficiency.
Vitamin D deficiency has been classically related to unusually low exposure to sunlight, low intake of vitamin D–rich foods, and fat malabsorption. Although there are many causes for vitamin D deficiency, the main one is the failure to recognize that the human body needs vitamin D at levels 5–10 times more than that traditionally recommended by health care institutions [6]. The hunter–gatherer ancestors of humans were exposed to abundant sunlight and were able to synthesize billions of vitamin D units per day in their bodies.

In a recent study of vitamin D levels in tribes in East Africa with a traditional lifestyle, the mean blood level in nonpregnant adults was 42,72 ng/mL, and exposure to sunlight was stronger factor than consumption of fish [7].

It has been shown that sunlight exposure for 20 min with minimal clothing leads to synthesis of 15,000–20,000 units of vitamin D [5]. According to M. Holick, a white person needs sunlight exposure of 25% of his or her body for 10 (summer) to 20 (winter) min two or three times a week to make an optimal amount of vitamin D. Duration of sunlight exposure is a better indicator of 25-hydroxy vitamin D [25(OH)D] levels compared with dietary intake.


Certain gene polymorphisms, mainly those related to 17-dehydrocholesterol, 25-hydroxylase, and transport protein, can explain the variability in 25(OH)D levels. Vitamin D synthesis is highly variable and depends not only on duration of sunlight exposure but also on the proximity in latitude to the Equator, the season, skin pigmentation, age, physical activity, obesity, amount of clothing, and use of sunscreen, among some other factors such as the following:


[image: ent] Black persons need six times more sunlight compared with white persons.

[image: ent] Obesity which is associated with less exercise and less sunlight exposure, is one of the causative factors in low vitamin D levels.

[image: ent] Use of sunscreen products with sunlight protection factor (SPF) of 8 or more also results in lower levels of vitamin D.

[image: ent] Age is another important factor. It has been shown that vitamin D production diminishes with age, so in the older population, its levels depend more on the dietary intake.

[image: ent] Drugs that induce P450 metabolism have been associated with low levels of vitamin D [8].



10.3 Vitamin D Daily Requirement, Measurement, and Level of Recommendations
The main function of vitamin D is to maintain the levels of calcium and phosphorus and saturate the receptors to mineralize bone. Active vitamin D (1,25 (OH)2 D) directly stimulates intestinal absorption of calcium and phosphorus. In combination with parathormone, or parathyroid hormone (PTH), it also stimulates the synthesis and secretion of a cytokine called RANKL (receptor activator for nuclear factor κ B ligand); it plays a critical role in the genesis and activation of osteoclasts for bone resorption. In conjunction with PTH, it increases distal tubular reabsorption of calcium.

The American Society of Endocrinology [9] and the World Health Organization have suggested a recommended daily allowance (RDA) of vitamin D, depending on the age, as follows: (1) less than 1 year: 400 international units (IU) per day; (2) 1–70 years: 600 IU/day (including during pregnancy and lactation); and (3) above 70 years: 800 IU/day. The upper tolerable limit is 4,000 IU/day.

In 2011, the American Society of Endocrinology [9] established the following recommendations, based on scientific evidence, of vitamin D levels for the following group of patients:


1. Groups at risk for vitamin D deficiency (including patients with HIV who are on antiretroviral therapy [ART]).

2. Children with clinical symptoms of rickets and adults with osteomalacia.

3. Children or adults with bone pain, high levels of alkaline phosphatase or PTH, or low levels of calcium or phosphorus.

4. Older persons with osteoporosis or increased risk of fractures from falling.





There is no evidence to support the benefit of measuring vitamin D levels in the asymptomatic population. In published reviews, investigators have estimated the optimal vitamin D status by using functional measurements of the calcium–phosphorus metabolism. In a recent study [10] to explore the relationship between 25(OH)D levels to bone mineral density (BMD), a direct association was found between the maximum bone mineral density and vitamin D levels at 40 ng/mL. Moreover, the study demonstrated that when vitamin D levels were below 30 ng/mL, the intestinal absorption of calcium was reduced significantly in association with an increase of PTH [11].

In clinical practice, the 25(OH)D level is measured in nanograms to estimate the status of vitamin D [12] and not its active form because of its longer half-life (21 days versus 3–5 h) and less interferences in chronic renal failure This allows more reliability and repeatability of results.

A key problem in 25(OH)D determination is the accuracy and reproducibility of the available biochemical methods. Until recently, 25(OH)D determination was restricted to research centers that used protein-based competition or high performance liquid chromatography (HPLC) methods. Other methods, for example, enzyme-linked radioimmunosorbent assay (ELISA) or chemiluminescence, were later validated for clinical use.

High availability of HPLC technology, coupled with tandem mass spectrometry (LC-MS/MS), has improved 25(OH)D measurement of vitamin D and has allowed standardization of results with conventional techniques to a certain extent. However, variation coefficients remain high (20%) between different laboratories.

Given the variety of methods, it is suggested that the same method be used to measure vitamin D levels in a given patient throughout the treatment process [13].

Although the literature has abundant data from studies with different approaches, currently the accepted level of vitamin D plasma concentration is above 30 ng/mL, and the level is considered deficient if it is below 20 ng/mL [9,14–18]. A vitamin D intake of 100 IU/day is enough to avoid bone deformities associated with rickets. However, the Institute of Medicine report suggests that a level of 20 ng/mL would protect 97.5% of the general population from the deleterious effects of vitamin D deficiency [19].

Epidemiologic and scientific data suggest that the human body needs a vitamin D level above 30 ng/mL for maximum health benefits [3]. All body tissues and cells have vitamin D receptors (VDRs). The level of vitamin D must be enough to meet the requirements of the cells, which is estimated to correspond to a blood level above 30 ng/mL.

It has been estimated each 100 IU of vitamin D ingested causes an increase of 1 ng/mL [20,21]. Theoretically, to reach a level 30 ng/mL, it is necessary to ingest 3,000 IU per day. Nonetheless, when the level is below 15 ng/mL, the body is able to use vitamin D more efficiently to reach a level of 20 ng/mL [3,22]. Therefore, with 1,000 IU/day if ingested vitamin D, a level 30 ng/mL can be reached.

There is no contraindication to increase vitamin D ingestion in children or adults except for the presence of certain acquired illnesses, for example, granulomatous diseases such as sarcoidosis; tuberculosis; and some lymphomas, in which there is an increased activity of macrophages producing 1,25 dihydroxy vitamin D (1,25 (OH)2D3) [23].
10.4 Dose and Dosage Form of Vitamin D
For a long time, ergocalciferol (vitamin D2) was used almost exclusively as a supplement or for the treatment of deficiency states, but after the introduction of cholecalciferol (vitamin D3), the effectiveness of one isomer over the other became a question that was widely debated. More than a decade ago, Trang et al. [24] suggested that the same dose (4,000 IU/day for 2 weeks) of cholecalciferol increases the calcidiol level more effectively compared with ergocalciferol (22% versus 14%). More recent data obtained from healthy volunteers who received a unique dose of 50,000 IU of one or the other isomer supported this finding [25]. One meta-analysis [26] published in 2012 showed that vitamin D3 is more efficient in increasing 25(OH)D levels compared with vitamin D2 and that it should be considered the supplement of choice. These authors concluded that vitamin D3 is at least three times more potent than vitamin D2. This can be attributed to the existence of an extra methyl group in the carbon 24 lateral chain affecting the conversion rate of ergocalciferol to 25(OH)D and its lower affinity for the vitamin D transport protein and receptor (VDR).

When treating vitamin D deficiency [27], the accumulated dose is the most important issue: 1,500 IU/day=10,500 IU/week=45,000 IU/month. Large doses administered once a year must be avoided because this has been associated with an increase in falls and fractures in older adults [28,29].

If the 25(OH)D level is below 20 ng/mL, 50,000 IU/week should be taken for 6 weeks, followed by a maintenance dose of 800 IU/day. In pregnancy, a dose of 600–800 IU/day and in malabsorption a dose of 10,000–50,000 IU/day should be used, depending on absorption capacity.
10.5 Vitamin D Immunomodulatory Properties and Their Effect on HIV Infection
HIV infection is characterized by a progressive impairment of the immune function. Interventions to mitigate this immune impairment may slow illness progression and improve quality of life. This has been achieved by ART, which has transformed HIV infection from being an acute illness to a chronic illness. Use of vitamin D can be a medical intervention to restore the functioning of the immune system.

The interest in vitamin D as an immunomodulatory agent emerged after the discovery of VDRs in the cells of the immune system (T and B lymphocytes, dendritic cells, and macrophages). Macrophages possess 1α-hydroxylase and can transform 25(OH)D into 1,25(OH)D2 and exert an influence on lymphocytes, which lack this enzyme [30].

The effect of vitamin D on innate immune response depends on the tissue concentration of 25(OH)D, which is transformed into active vitamin D by the hydroxylase of macrophages.

An adequate level of calcitriol (active vitamin D) has been related to effective chemotaxis, phagocytosis, and production of antimicrobial molecules, for example, defensins, cathelicidin, and killer systems such as reactive oxygen [31]. It interacts in an intracrine mode with VDRs and transactivates the endogenous defensin and cathelicidin genes as well as the reactive oxygen system [31].

Innate immunity is associated with the activation of toll-like receptors (TLRs) not only in the monocytes and macrophages but also in other barrier cells. This activation originates in the antimicrobial peptides and hyperactive species of oxygen, which, in turn, kill the infectious agents. When the tuberculosis bacillus is ingested by a macrophage, the lipopolysaccharides in its walls interact with TLRs, resulting in the expression of VDRs and 1α-hydroxylase. Macrophages now produce 1,25(OH)2D, which interacts with VDRs, stimulating the production of the antimicrobial peptide cathelicidin [30] (Figure 10.4).
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Figure 10.4 Immunomodulatory effects of vitamin D.
In the case of acquired immunity, reducing maturity of dendritic cells inhibits antigen presentation and autoimmune reaction, which are mediated by CD4 lymphocytes. Vitamin D also modulates cytotoxic activity and favors a change from a more aggressive phenotype T-helper 1 (Th1) and Th17 to a lesser one (Th2 and Treg). This change in the pattern of cytokines limits the damage to the immune system [32].

Vitamin D therefore has a role in both innate and acquired immunity. It is interesting to note that in hospitals, the most important therapeutic measures for tuberculosis were sunlight exposure and administration of a spoon of cod liver oil to the patients. The British Medical Journal recently published [33] a classic report on the benefits of nutritional intervention such as administration of cod liver oil, including the decrease in tuberculosis mortality in the twentieth century; the study also established the RDA for vitamin D administration—as one spoon of cod liver oil spoon, which is equal to 400–800 IU.

Data from basic science as well as epidemiologic data support the it’s the immunomodulatory properties of vitamin D and [30,34]. It is well known that living in areas above 35 degrees latitude for the first 10 years of life increases the risk for multiple sclerosis by 100%, and the risk for diabetes mellitus is 1,000–1,500 times higher. Multiple sclerosis and rheumatoid arthritis are reduced by 42% in women taking 400 IU of vitamin D per day. In a Finish study, ingestion of 2,000 IU in the first year reduces the risk for diabetes mellitus by 88%, and this effect is dose dependent.

Vitamin D deficiency in children is associated with asthma and bronchospasm, especially if the mother has the deficiency as well. There is an inverse relationship between vitamin D status and incidence of autoimmune diseases (rheumatoid arthritis, multiple sclerosis, diabetes, systemic lupus erythematosus, and inflammatory bowel disease) and some infectious diseases such as tuberculosis and infection by gram-negative bacteria.

Studies on the immunomodulatory effect of vitamin D in HIV infection have been reported in the literature. In the study by Mehta et al. [35], low levels of vitamin D were associated with reduced CD4 cell counts, immune inactivation, anemia, disease progression, and increased mortality. More recent studies [36] have shown a relationship between the polymorphism of VDRs and progression of the HIV infection in both adults and children and the association between vitamin D levels below 32 ng/mL before initiating ART and an increased progression to AIDS and higher mortality. When there is vitamin D deficiency, a relationship between a lower CD4 count and higher levels of inflammatory parameters has also been demonstrated.
10.6 Prevalence of Vitamin D Deficiency and Insufficiency in HIV Infection
In a recent systematic review, Childs et al. [37] estimated the vitamin D deficiency prevalence in the population with HIV to be between 23% and 73%. In this review, factors that linked HIV infection and vitamin D deficiency were former drug use, a longer time from diagnoses, CD4 below 200 cells/µL, highly active antiretroviral therapy (HAART), and efavirenz use. These authors also confirmed a higher rates of mortality and AIDS incidence when vitamin D levels were below 12 ng/mL. However, the relationship between vitamin D status and HIV infection per se was not demonstrated.

In a previous study by our group in Spain, which was conducted between 2009 and 2010 [38] and included 352 patients, vitamin D insufficiency and deficiency prevalence rates were 71.6% and 44%, respectively. Vitamin D deficiency was 16.4% higher than in a control population not infected by HIV with similar demographic characteristics [39]. We also investigated the influence of diet and lifestyle on vitamin D status. Only the hours of sunlight exposure could be related to the vitamin D optimal level.
10.7 Factors Related to Vitamin D Deficiency in Patients with HIV
Risk factors of vitamin D deficiency identified in our study were low sunlight exposure (as determined through an interview conducted by a nutritionist), black race, season (higher deficiency in spring and winter), obesity, detectable viremia, and treatment with efavirenz. We also identified as an additional risk factor transmission via modes other than intravenous drug use, as these patients had been exposed longer to sunlight due to the job they had. We found an increase in PTH in patients treated with protease inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs) only with a concomitant vitamin D deficiency.

Vitamin D deficiency in HIV infection may be caused by several factors, including not only classic factors such as malnutrition, lack of exercise, black race, old age, and inadequate sun exposure but also other factors related to HIV infection and some antiretroviral agents. The virus itself can diminish 25(OH)D levels by different mechanisms: (1) inhibitory effect of proinflammatory cytokines as tumor necrosis factor; (2) 25(OH)D uptake by macrophages and lymphocytes as the illness progresses; and (3) use of vitamin D for maturation and proliferation of lymphocytes [40,41].
10.8 Vitamin D Physiology and Metabolism
To understand how ART interferes with vitamin D status, it is important to be aware of the steps in metabolism following sunlight exposure or ingestion of vitamin D2 or D3 supplements.

Vitamin D3 is produced by the non-enzymatic conversion of 7-dehydrocholesterol (provitamin D3) to previtamin D3 on the skin when it is exposed the ultraviolet radiation in sun light (wavelength 290–315 nm). Previtamin D3 is transformed to vitamin D3 by a thermally induced isomerization reaction. Vitamin D3 is transported by a protein called vitamin D–binding protein (DBP) to peripheral tissues and stored in lipids. Vitamin D is absorbed in the intestine (mainly the jejunum) with bile salts because of its lipid solubility by diffusion through micelles. It is inactivated in the liver microsomes and is eliminated through urine and feces as an inactive form that can cross the placental barrier.

Vitamin D is transported to cells from its storage sites. It binds specifically to some nuclear receptors called VDRs. As a hormone that is liposoluble, vitamin D attaches to its transporter (DBP). After joining the retinoic acid receptor forms and the heterodimer, it enters the nuclear membrane to attach to the response elements, in a positive way modulating some genes originating from biologically active proteins and in a negative way inhibiting selected cytokines [30,34]. Thus, some anti-proliferative and anti-inflammatory actions have been recognized as vitamin D effects. It has been reported that calcitriol, because of its genetic transcription capacity, can regulate directly or indirectly at least 200 genes, including some controlling proliferation, differentiation, apoptosis, and angiogenesis. Among the genes related to its biologic effects are calbindin-D9k, calcium channels, and RANKL. These are related to calcium and phosphorus absorption in the small intestine and kidneys as well as to skeletal calcium mobilization [34].

There is a biologic plausibility of 25(OH)D becoming 1–25(OH)2D at the mitochondrial level in prostate and breast cells and regulating the cellular cycle, apoptosis, and cell differentiation. Therefore, a relationship between vitamin D and prostate and mama cancer has been postulated.

The main function of vitamin D is to increase calcium and phosphorus levels. 1,25(OH)2D directly stimulates their intestinal absorption. Calcium homeostasis at bone level is based on the joint action of both PTH and 1,25(OH)2D on osteoblasts, which increases RANKL expression, which, in turn, leads to the monocyte receptors inducing the formation of mature osteoclasts. Osteoclasts produce collagenase, which destroys the bone matrix and dissolves hydroxyapatite, thus releasing calcium into the blood circulation. It also increases with PTH distal tubular calcium reabsorption.

To become active, vitamin D requires two sequential hydroxylation processes that transform it into 1,25(OH)2D. First, it is hydroxylated in position 25 by the liver microsomal or mitochondrial cytochrome P450 enzyme to 25(OH)D (CYP 27A1, CYP2R1, or CYP3A4). The second hydroxylation takes place mainly in the kidneys, but it can happen in the peripheral immune cells by cytochrome P450 enzyme 25(OH)D-1α-hydroxylase (CYP27B1) [5]. Serum PTH and low calcium and phosphorus levels strongly stimulate 1,25(OH)2D synthesis. In contrast, fibroblast growth factor 23, secreted by osteocytes, inhibits it [42]. Calcitriol inhibits 1-α-hydroxylase activity (CYP27B1) and stimulates 24-hydroxylase activity (CYP3A4), which induces 24,25(OH)2D (calcitroic acid), a vitamin D product that is biologically inactive.
10.9 Vitamin D Effects on Health
The currently available epidemiologic data with respect to the relationship between vitamin D and its skeletal and extraskeletal effects are reviewed below.

In 2007, Holick [5] reported some possible beneficial skeletal and extraskeletal effects of vitamin D, summarized as follows:
Bone and mineral metabolism: A meta-analysis of 20 clinical trials could not find less fracture risk with 400 IU/day, but the risk was reduced with doses of 700 to 800 IU/day.
Muscular strength and falls: Low vitamin D levels are related to reduced muscular strength. Vitamin D supplementation reduces the risk of falls with doses of 800 IU/day with concomitant calcium supplementation.
Cancer: Low vitamin D levels are associated with a higher risk of colon, prostate, or mama cancer and a higher risk of death caused by them.
Autoimmune diseases: Incidences of multiple scleroses and rheumatoid arthritis decrease with a higher vitamin D level. Vitamin D supplementation in early childhood is related to a lower risk of developing type 1 diabetes mellitus, and low levels of vitamin D increase the risk of diabetes.

Metabolic and cardiovascular effects: Vitamin D supplementation was reported in a study to decrease the risk of developing type 2 diabetes mellitus. In another report, exposing patients with hypertension to ultraviolet B radiation contributed to control of arterial pressure. Low vitamin D levels are associated with a higher risk of cardiac failure.
Psychiatric diseases: Low vitamin D levels are related to a higher risk of schizophrenia and depression.
Pulmonary function: People with higher levels of vitamin D have higher forced expiratory volume in the first second. In one study, infants born to mothers with low vitamin D levels had a higher incidence of wheezing.
A systematic review of the literature by Chung et al. [43] did not find the same evidence with respect to the association between vitamin D levels and prevention of falls and cancer, as summarized below:

Fractures, falls, and functionality: The systematic review of studies on the relationship between vitamin D levels and fracture, falls, and functional measures concluded that the results were inconsistent. Results of three later clinical trials could not confirm that vitamin D supplementation reduced falls or fractures in older adults. Observational studies have found a direct association between vitamin D levels and bone mineral density in children and adolescents. However, these results have not been confirmed in interventional studies that analyzed the effect of vitamin D supplementation on mineral bone density in children and adults.

Cancer: None of the two published clinical trials showed a reduction in cancer risk in patients treated with vitamin D. Only 2 of 10 observational studies found a relationship between the incidence of prostate cancer and vitamin D levels. Of the six observational studies, only three found an inverse relationship between vitamin D levels and the risk of colorectal cancer. In a case–control study, no relationship was found between development of adenomas and vitamin D levels. Only one of three observational studies in mama cancer noted an increased risk with low vitamin D levels.



10.10 Influence of Antiretroviral Therapy on Vitamin D Metabolism
ART interferes with vitamin D metabolism by frequently inhibiting the needed hydroxylation to generate calcitriol (active vitamin D), affecting its reserves, preventing 25(OH)D generation, or increasing its metabolism to the inactive 24,25(OH)2D. These effects do not seem to be uniform among all the drugs in the same group because differences have been reported between drugs of the same therapeutic group; however, prospective studies with sufficient methodologic quality to confirm this are lacking. PI block 1-α-hydroxylation sometimes increases PTH levels [44,45]. Ritonavir specifically inhibits 24-hydroxylase with a higher vitamin D level compared with NNRTIs. Efavirenz has been reported in several studies to increase 25 and 1,25(OH)2D metabolism [46–48] and, more importantly, to induce 24-hydroxylase that inactivates vitamin D.

Tenofovir has been associated with high levels of 25(OH)D [49,50]. Its possible mechanisms include (1) renal dysfunction, (2) loss of phosphorus, and (3) increase in PTH. This last mechanism induces renal hydroxylation, resulting in increase of vitamin 1,25(OH)2D levels [40].

Our group has investigated the relationship between ART and vitamin D status [51]. Similar to the study by Monet [52], our data confirm that ART based on boosted PI monotherapy has a lower risk for vitamin D deficiency. A plausible explanation for PIs monotherapy favoring a higher vitamin D level is their known effect on vitamin D metabolism. PIs act on CYP3A4 blocking 25-hydroxylase and on CYP24 preventing conversion to inactive vitamin D [44] (Figure 10.5).
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Figure 10.5 Effects of antiretroviral regime on vitamin D levels.
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Vitamin D is an important steroid hormone obtained via exposure to sunlight and from dietary intake. Vitamin D is important for the regulation of calcium, phosphorus, bone mineralization and remodeling, bone growth, immune function, cardiovascular function, and brain function. Vitamin D deficiency is common in patients with human immunodeficiency virus (HIV) infection and may increase the risk of opportunistic infections and other chronic medical conditions. Highly active antiretroviral therapy (HAART) may affect vitamin D metabolism and vitamin D levels and may contribute to certain conditions in patients with HIV on HAART. Vitamin D levels should therefore be assessed in patients with HIV infection. Further studies are needed in areas of vitamin D and bone health, cancer, mental illness, diabetes, autoimmune diseases, and other chronic diseases in patients with HIV.
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11.1 Introduction
Vitamin D is an essential fat-soluble steroid hormone. Humans get vitamin D from exposure to sunlight and from their diet or dietary supplements. Dietary sources are fatty fish, cod liver oil, dairy foods such as cheese and egg yolk, and beef liver [1]. Fortified dairy products are common sources of vitamin D in the United States. During the past several years, the combination of decreased vitamin D intake in food and increase in the use of sunscreen has decreased vitamin D levels in the body. Solar ultraviolet B radiation to the skin converts 7-dehydrocholesterol to vitamin D3. Dietary vitamin D is absorbed in the small intestine and is incorporated into chylomicrons. Both endogenously synthesized vitamin D3 and dietary vitamin D are transported to the liver, where they are metabolized to 25-hydroxyvitamin D (25(OH)D), a major circulating metabolite and a marker for determination of a patient’s vitamin D status. 25(OH)D is further metabolized in the kidney by the cytochrome P450 system-mediated (CYP27B1) 25-hydroxyvitamin D-1α-hydroxylase to its active form, 1,25-dihyroxyvitamin D (1,25(OH)2D). Bone and skeletal muscle, brain, prostate, breast, and colon tissues, as well as immune cells, have a vitamin D receptor (VDR) and respond to 1,25(OH)2D [2–4].

Vitamin D has an important role in the intestinal absorption of calcium and phosphorus, improving bone mineralization and remodeling, and helping regulate serum calcium and phosphorus levels. Vitamin D also improves neuromuscular function [1]. Vitamin D has been associated with bone growth, regulation of cellular proliferation of both normal cells and cancer cells, differentiation, apoptosis, and angiogenesis [3]. The active form of vitamin D, 1,25(OH)2D, is a potent immunomodulator of both innate and adaptive immunity with receptors found on monocytes, macrophages, T lymphocytes, and B lymphocytes [3,5,6].

Human immunodeficiency virus (HIV) infection is associated with multiple nutritional complications, including deficiencies of various vitamins, minerals, and nutrients. HIV infection by itself predisposes patients to infections, and poor nutrition increases the risk of infections. In the last few years, the role of vitamin D in patients with HIV has been studied. Most of the studies are in patients with HIV who are on HAART and the overall bone health in patients with HIV. Low bone mineral density (BMD) has been reported in individuals with HIV infection. Multiple factors, including low vitamin D levels, contribute to low BMD. Vitamin D deficiency not only is linked to increased risk of infections but also may worsen the outcomes of infections. Vitamin D may have antimicrobial activity in certain infections and supplementation may be recommended as adjuvant therapy in multiple infections. Medical professionals taking care of patients with HIV are increasingly evaluating vitamin D levels in patients and recommending vitamin D supplements.

Vitamin D deficiency is common in the general population and is reported also in patients with HIV. The normal level of vitamin D is defined as a 25(OH)D level greater than 30 ng/mL. Vitamin D insufficiency is defined as a 25(OH)D level of 20–30 ng/mL, and vitamin D deficiency is defined as a 25(OH)D level less than 20 ng/mL. Vitamin D intoxication is seen when levels of 25(OH)D are greater than 150 ng/mL [3]. Radioimmunoassays measure total 25(OH)D, which includes 25(OH)D2 and 25(OH)D3. The 1,25(OH)2D should not be used for detecting vitamin D deficiency, as levels will be normal or even elevated due to secondary hyperparathyroidism. All individuals who have significant medical conditions that may increase the risk of vitamin D deficiency or insufficiency and individuals with a history of fractures and osteoporosis should have their vitamin D levels checked. Also, patients with HIV infection may be diagnosed with osteomalacia. Individuals with isolated or generalized bone pain should have vitamin D levels checked. Osteomalacia is due to hydration of demineralized gelatin matrix under the periosteum. This can be diagnosed by applying moderate pressure with the thumb on the sternum and anterior tibia, which would elicit bone pain [3].


Low levels of 25(OH)D have been associated with the inability of macrophages to initiate innate immune response [7]. This may predispose patients to specific infections. VDR gene polymorphism is associated with infectious diseases, including HIV-1 infection. Progression of acquired immune deficiency syndrome (AIDS) is related to an increased genetic risk score for VDR [8].

Human monocytes are activated by toll-like receptor 2/1 ligand (TLR2/1L) and show enhanced expression of the VDR and the vitamin D-activating enzyme 1α-hydroxylase (CYP27B1). The conversion of 25(OH)D to active 1,25(OH)2D stimulates the expression of antibacterial cathelicidin (human cathelicidin antimicrobial peptide [cAMP]). A randomized placebo-controlled trial of individuals with HIV infection conducted by Chun et al. [9] demonstrated that 7,000 IU vitamin D per day increased serum 25(OH)D significantly after 12 weeks and expression of cAMP increased significantly from baseline after 52 weeks of vitamin D supplementation. This study suggested that vitamin D supplementation in subjects with HIV can improve antibacterial immunity [9].

Vitamin D has a significant role in decreasing the risk of chronic illness, including osteoporosis, common cancers, and cardiovascular diseases [3]. These chronic conditions have been increasingly recognized in patients with HIV, as such patients live longer in the era of highly active antiretroviral therapy (HAART) [10]. Other lifestyle factors, including poor nutrition, lack of exercise, and tobacco use, also play a major role. Vitamin D deficiency has been associated with advanced age, lack of sun exposure, residence at higher latitude, dark skin pigmentation, malnutrition, obesity, and medications that lead to increased catabolism of vitamin D, for example, anticonvulsants and glucocorticoids [3].

Low 25(OH)D levels are associated with inflammation, HIV disease progression, and death. A prospective one-to-one case–control study nested within the EuroSIDA cohort showed correlation of decreased 25(OH)D level and increased inflammatory markers [11].
11.2 Vitamin D and HIV Infection
Vitamin D deficiency is common in patients with HIV infection and may increase the risk of other conditions. A study done by Kim et al. [12] at the authors’ institution in New York City reported that a total of 21.2% of patients had vitamin D deficiency, that vitamin D insufficiency was noted in 68.6%, and that only 10.2% of the patients were noted to have optimal vitamin D levels. Several other large studies showed that vitamin D deficiency is common in patients with HIV infection. The Women’s Interagency HIV Study of women with or without HIV in the United States noted that vitamin D deficiency is common irrespective of HIV status and not influenced by HIV treatment. Vitamin D levels were positively related to triglycerides only in women with HIV receiving antiretroviral therapy (ART) and were unrelated to cholesterol [13].

Several factors may contribute to vitamin D deficiency in patients with HIV. A retrospective analysis of 2,044 patients with HIV by Theodorou et al. [14] showed that winter season, female gender, heterosexual acquisition of HIV, the need for second lines (complex and sequential treatment modalities), and a longer duration of ART were independently associated with vitamin D deficiency (<30 ng/mL). Furthermore, CD4 count less than 200/μL, advanced disease, and current efavirenz use were independently associated with severe vitamin D deficiency (<10 ng/mL).

A study in eight resource-limited settings as well as in the United States evaluated the levels of 25(OH)D levels in patients starting combination ART. The study found that low 25(OH)D is common in diverse populations with HIV and is an independent risk factor for clinical and virologic failure. Baseline low 25(OH)D was also associated with increased risk of HIV progression and death [15].
11.3 Vitamin D and HAART
Several first-line antiretroviral medications have been associated with altered vitamin D metabolism resulting in lower serum levels of vitamin D [16].

Use of efavirenz-containing antiretroviral regimen has been reported to decrease levels of 25(OH)D by inducing cytochrome P450 enzymes [17]. More recently, a multinational clinical trial by the AIDS Clinical Trial Group showed that efavirenz-containing regimens cause reduction in serum vitamin D levels [18].

HAART is meant to be used for lifetime, and long-term effects of medications have not been adequately studied. A post hoc analysis of 1,368 patients on treatment with rilpivirine or efavirenz plus background regimen was conducted to evaluate potential differences in efficacy and safety in older (≥50 years) versus younger (<50 years) patients in the ECHO (Efficacy Comparison in treatment-naïve HIV-infected subjects Of TMC278 and efavirenz) and THRIVE (TMC278 against HIV, in a once-daily RegImen Versus Efavirenz) trials over 96 weeks. Treatment response rates, BMD (at baseline and week 96), and serum 25(OH)D levels at baseline, week 24, and week 48 were studied. Virologic and immunologic response rates were similar. Small differences were noted in BMD, with progression to severe vitamin D deficiency greater in older efavirenz-treated patients versus younger patients [19].

Tenofovir is a commonly used antiretroviral medication used in combination with other medications. Several fixed dose combinations include tenofovir as a backbone medication, and these combinations are widely used currently. It is very important to be aware of potential short- and long-term effects of tenofovir on vitamin D metabolism. Tenofovir has been associated with vitamin D deficiency via tenofovir-linked hyperparathyroidism [20]. Animal studies show that tenofovir leads to impaired renal function, hyperphosphaturia, hypophosphatemia, hypertension, hypotension, and increased renal vascular resistance due to downregulation of the sodium–phosphorus co-transporter and upregulation of angiotensin II and AT1 receptor. Tenofovir along with vitamin D deficiency worsened the effects of renovascular due to the involvement of the renin–angiotensin–aldosterone system [21].

Havens et al. [22] performed a multicenter study of youth with HIV who were on stable treatment with regimens containing tenofovir. The authors evaluated markers of renal function, vitamin D–calcium–parathyroid hormone balance, phosphate metabolism (tubular reabsorption of phosphate and fibroblast growth factor 23 [FGF23]) and bone turnover. Higher plasma tenofovir levels were associated with higher vitamin D–binding protein and lower free 1,25-OH(2)D, suggesting a functional vitamin D deficiency, which explained the increase in parathyroid hormone associated with tenofovir disoproxil fumarate (TDF). Lower levels of FGF23 were associated with higher intracellular tenofovir diphosphate, suggesting that different mechanisms mediate TDF-associated changes in phosphate binding [22].

Treatments based on raltegravir or other integrase inhibitors are increasingly recommended. A small study of 30 participants with HIV, who continued with the tenofovir–emtricitabine–efavirenz combination or switched to the tenofovir–emtricitabine–raltegravir combination for 24 weeks showed no significant differences in 25(OH)D or parathyroid hormone levels [23]. Furthermore, a study at the authors’ institution suggested that an non-nucleoside reverse transcriptase inhibitor (NNRTI) plus a TDF-based antiretroviral regimen could further increase vitamin D deficiency by the additive effects of NNRTI-induced vitamin D deficiency plus TDF-induced hyperparathyroidism in the presence of vitamin D deficiency [12].

HIV protease inhibitors have also been shown to impair vitamin D bioactivation by suppressing 25- and 1α-hydroxylase enzymes, which could lead to lower levels of 1,25(OH)2D [24].
11.4 Vitamin D and Infections
Patients living with HIV are at increased risk of acquiring certain types of infections, depending on their CD4 count. Vitamin D is thought to play a role in the body’s response to infection, mostly by modulating the innate and adaptive immune system, influencing the production of cathelicidin, an important endogenous antimicrobial peptide, and regulating the inflammatory cascade [25]. Low vitamin D levels have been shown to be associated with various infectious disease states, although the specific role played by vitamin D in those instances is, for the most part, still unclear. Given the association of low vitamin D levels with an increased risk of acquiring some infections or greater severity of infection [25], vitamin D supplementation might play a role in the treatment of infections, especially in patients with low vitamin D levels at baseline.

Vitamin D was first used in the preantibiotic era as a treatment for tuberculosis [26]. Cod liver oil was used in the mid-nineteenth century London for treating pulmonary tuberculosis, which was then called phthisis, and was reported to be effective in the treatment of the infection and reduce the rate of deterioration or death [27]. It was later found that it was vitamin D3 that was responsible for the anti-tuberculosis effects of cod liver oil, and the vitamin was isolated and used in the treatment and prevention of tuberculosis until the introduction of antibacterial chemotherapy in the 1950s [26].

The role of vitamin D in immunity and infection is evidenced by finding the enzyme CYP27B1 that converts the inactive circulating form of vitamin D (25 hydroxyvitamin D3) into the active form (1,25 dihydroxyvitamin D3) in cells such as human T cells, macrophages, and dendritic cells that are involved in the immune system [28]. The receptor by which vitamin D is able to modulate the immune response by modifying gene expression, called the VDR, can also be found in lymphocytes, monocytes, macrophages, dendritic cells, neutrophils, and CD4+ and CD8+ T cells [28]. The overall effect of vitamin D on the immune system is that it is able to influence the differentiation of naïve CD4+ lymphocytes favoring a T helper 2 (Th2) and regulatory T cell (Treg) cytokine profile over a proinflammatory Th1 and Th17 phenotype thereby possibly limiting excessive inflammation and collateral tissue damage [28].

Cathelicidins are antimicrobial peptides that have been associated with vitamin D. The mechanism by which it causes microbial cell death is by disrupting the integrity of the bacterial cell membrane. Cathelicidins are expressed by most immune cells and secreted in significant amounts in tissues that are constantly exposed to environmental microbes [29]. This mechanism has been shown to have a protective effect against bacterial invasion of the urinary tract, and its absence leads to increased susceptibility to skin infections in animals [29]. In humans, studies have shown that a decrease in cathelicidin production leads to increased susceptibility to infection [29].

The mechanism linking vitamin D to cathelicidin and the innate immune response was demonstrated by Liu et al. [7]. Toll-like receptors (TLRs) play an important role in innate immunity by recognizing a variety of microbial-derived substances and causing a direct antimicrobial response [7]. Activation of the TLR2/1 in human monocytes and macrophages by a Mycobacterium tuberculosis-derived lipopeptide (TLR2/1) was found to cause induction of the enzyme CYP27B1 as well as expression of the VDR. Activation of the VDR by the addition of active vitamin D in primary human monocytes was shown to lead to a dose-dependent increase in the measured cathelicidin messenger ribonucleic acid (mRNA) levels, whereas the addition of active vitamin D to primary human macrophages infected with M. tuberculosis caused the death of intracellular bacilli [7]. This demonstrated a microbicidal pathway of innate immunity that was dependent on vitamin D [7].
11.4.1 Opportunistic Infections
A study performed in Tanzania, involving 884 pregnant women with HIV, most of whom were not on ART, found an association between low vitamin D levels (<32 ng/mL) with a significantly increased incidence of acute upper respiratory infections and oral thrush in the first 2 years of follow-up [30]. Another study, also performed in Tanzania but this time involving 1,105 men and women with HIV on ART, showed a significantly increased incidence of pulmonary tuberculosis and oral thrush in patients who had vitamin D levels less than 20 ng/mL [31].
11.4.2 HIV and Tuberculosis
Roughly a third of HIV-positive patients are also co-infected by M. tuberculosis (Mtb) in certain settings [32]. Co-infection with HIV and Mtb leads to interactions that result in increased susceptibility to and accelerated progression of both infections [33]. Another complication in co-infection is the development of immune reconstitution inflammatory syndrome (IRIS) upon initiation of ART. Campbell and Spector [32] described how 1,25 dihydroxyvitamin D3 is able to inhibit HIV and kill Mtb in co-infected macrophages by human cathelicidin peptide-dependent autophagy. Anandaiah et al. [34] demonstrated that the impaired response seen in HIV-positive macrophages specifically to M. tuberculosis was restored in vitro with exogenous vitamin D supplementation. Given the impact of vitamin D on the possible reduction of bacterial and viral loads and its effect on the immune system through inhibition of a broad spectrum of proinflammatory cytokines, it has been suggested that it might have a role in the prevention and treatment of IRIS [33].
11.4.3 HIV and Hepatitis C Virus
Patients co-infected with HIV and hepatitis C virus (HCV) fare worse compared with individuals with a single infection. There is no consensus in the literature with regard to the association between low vitamin D levels and the severity of liver disease as well as response to therapy with pegylated-interferon with or without ribavirin, with some studies showing a significant association and other studies not [35]. Mandorfer et al. [36] showed an association between vitamin D levels less than 20 and higher rates of progression of liver fibrosis [36].

11.4.4 Upper Respiratory Tract Infections
Multiple studies have shown the association between low vitamin D levels and increased incidence of upper respiratory tract infections [37–39]. However, randomized control trials have failed to demonstrate a benefit in vitamin D supplementation [40,41]. A recent systematic review synthesized the results of 39 studies and concluded that there is a consistent association between vitamin D deficiency and susceptibility to acute respiratory infections; however, vitamin D supplementation trials did not show a consistent proven benefit [42].

Low vitamin D levels have also been associated with recurrent upper respiratory tract infections in premenopausal women [43], hospital-acquired bloodstream infections [44], and hospital-acquired Clostridium difficile infection [45]. The various infectious etiologies and their association with vitamin D listed here are meant to illustrate the interest in vitamin D and its potential as an antimicrobial agent and do not constitute a complete list.
11.5 Vitamin D and Cardiovascular Disease
Individuals with HIV infection are at increased risk of coronary artery disease (CAD) due to various factors, including traditional risk factors, and also due to increased inflammation related to HIV infection. Few studies have investigated vitamin D levels in patients with HIV and cardiovascular disease.

Most studies show consistent correlations of vitamin D deficiency and cardiovascular disease. Coronary artery calcification is a predictor of CAD and has been studied in patients with HIV. Several factors, including vitamin D deficiency, were independently associated with coronary artery calcification in a study of 846 participants in Baltimore, Maryland [46]. The same authors also evaluated the incidence of coronary artery calcification in 188 patients. Sixty-nine of 188 patients had evidence of subclinical disease on the initial cardiac computed tomography (CT), and a second cardiac CT was performed on 119 patients without disease approximately 2 years later. Subclinical CAD was detected in 14 of these patients, and only male gender and vitamin D deficiency were independently associated with the development of subclinical CAD [47].

A study of 25(OH)D was done in 100 enrollees of the Hawaii Aging with HIV-Cardiovascular Cohort Study. The relationship between 25(OH)D levels and brachial artery flow-mediated dilation (FMD), right common carotid artery intima-media thickness (cIMT) and coronary artery calcium (CAC) were studied. A significant correlation was observed between 25(OH)D levels and FMD but not with cIMT. Patients with lower 25(OH)D levels were at slightly higher risk of having CAC. Among those with CAC, lower 25(OH)D levels were not associated with higher CAD scores [48].

Supplementation with 4,000 IU vitamin D3 daily for 12 weeks modestly improved vitamin D status and cholesterol but worsened insulin resistance without change in endothelial function in one small study of 45 adults with HIV in Cleveland, OH [49].

One study evaluated vitamin D levels in 169 African American cocaine users with HIV, who had a low CAD risk. Vitamin D deficiency alone was independently associated with development of subclinical CAD. There were no significant associations between CD4 count, HIV viral load, or ART and the incidence of subclinical CAD. The study suggested that a threshold level of vitamin D (10 ng/mL) was significant and that at higher levels, the effect of vitamin D on subclinical CAD was decreased [50].

Further studies are needed to evaluate cardiovascular disease in patients with HIV and vitamin D deficiency.
11.6 Vitamin D and Bone Disease
Patients living with HIV/AIDS are getting older, and their numbers continue to increase [51]. It is not surprising, therefore, that age-related comorbidities, such as fractures and osteoporosis, have become relevant and are important issues in patients with HIV.

Osteoporosis is a skeletal disorder characterized by compromised bone strength predisposing the patient to an increased risk of fracture. Osteoporosis can be diagnosed before a fracture occurs by measuring BMD by dual-energy X-ray absorptiometry (DXA) [52]. The World Health Organization classifies BMD as normal, osteopenia, or osteoporosis, according to the number of standard deviations (SDs) below the mean BMD for a healthy, young (25–35 years of age), gender- and ethnicity-matched reference population (T-score). In postmenopausal women and in men 50 years of age and older, a T-score less than or equal to−2.5 at the hip or spine is defined as osteoporosis. Osteopenia is defined as a T-score between−1 and−2.49. In older populations, the risk of fracture approximately doubles for each SD decrease below the normal mean for the young [52]. Osteomalacia refers to impaired mineralization of the bone matrix, most often caused by severe vitamin D deficiency; rickets is the disease caused by vitamin deficiency in the developing skeleton. Although osteoporosis and osteomalacia are separate conditions with distinct etiologies, both may be associated with low BMD by DXA and fractures.

Low BMD has been reported in studies involving younger and older individuals with HIV [53–62]. The prevalence of osteoporosis can be three times higher among patients with HIV, especially among those receiving ART, than among HIV-negative control subjects [63]. The causes of low BMD in HIV can be multifactorial and likely represent a complex interaction between HIV infection, traditional osteoporosis risk factors exacerbated by consequences of chronic HIV infection (e.g., poor nutrition and low weight), high rates of tobacco and alcohol use, low vitamin D levels, and ART-related factors [64]. The prevalence of low vitamin D levels is 60–75% in different HIV-infected cohorts [51]. Hypovitaminosis D adversely affects calcium metabolism, osteoblastic activity, matrix ossification, bone remodeling, and bone density. An absolute deficiency of vitamin D leads to an increasing amount of the skeleton being replaced by unmineralized osteoid [65].

The prevalence of osteopenia is high among ART-naive subjects, which suggests that uncontrolled HIV infection can impact BMD, likely mediated by effects of systemic inflammation on bone remodeling. HIV proteins can increase osteoclastic activity and decrease bone formation by promoting the apoptosis of osteoblast. Furthermore, elevated tumor necrosis factor alpha increases osteoclast-mediated bone resorption without concomitant increases in bone formation [66–68].

Initiation of antiretrovirals induces a marked and clinically significant loss of BMD (2–6%), regardless of the initial choice of the regimen. The nucleoside reverse transcriptase inhibitor tenofovir (TDF) has been strongly associated with an acute decrease in BMD [69]. The mechanisms involved in bone loss associated with specific antiretrovirals are not well understood. TDF may affect bone indirectly through proximal tubule toxicity, resulting in phosphate wasting and increased bone turnover, whereas other medications may affect BMD indirectly through vitamin D metabolism [69].
11.7 Vitamin D and Mental Health
Vitamin D is a unique neurosteroid hormone that may have an important role in the prevention of depression. Receptors for vitamin D are present on neurons and glia in many areas of the brain, including the cingulate cortex and the hippocampus, which have been implicated in the pathophysiology of depression [70]. Vitamin D is involved in numerous brain processes such as neuroimmunomodulation, regulation of neurotrophic factors, neuroprotection, neuroplasticity, and brain development, making it biologically plausible that this vitamin might be associated with depression and that its supplementation might play an important part in the treatment of depression.

In spite of conflicting data, one large meta-analysis validated the hypothesis that low vitamin D concentration is associated with depression [70]. However, the authors highlighted the need for randomized controlled trials on the use of vitamin D for the prevention and treatment of depression to determine whether this association is causal.

Neurocognitive and mood disorders remain highly prevalent in patients with HIV. As low vitamin D levels are also prevalent in these patients, especially in Northern America, it is not clear if this deficiency plays an important role in depression and HIV infection. Also, it is unclear if supplementation of vitamin D can be used as an adjunct for the treatment of depression in patients with HIV.

Vitamin D may improve the health and well-being of patients with HIV and may help prevent certain chronic illnesses. Vitamin D has been extensively studied patients with HIV and its usefulness in the prevention of infections and cardiovascular disease and improvement of bone health. Further studies are needed in patients with HIV, who have cancer, mental illness, diabetes, autoimmune diseases, and other chronic diseases.
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Chapter 12
Relationship between Vitamin D Nutritional Status and Human Immunodeficiency Virus Infection
Allen T. Griffin,    Department of Pathology and Associated Regional and University Pathologists (ARUP), Institute for Clinical and Experimental Pathology, University of Utah, Salt Lake City, UT, USA


Although debated in the literature, vitamin D has been purported to impact various extraskeletal diseases, including infectious diseases. Research on this vitamin, as it relates to human immunodeficiency virus (HIV) infection, for example, is particularly prolific and is the focus of this review. Risk factors in this context for suboptimal vitamin D nutritional status, represented by 25-hydroxyvitamin D (25(OH)D) levels, include darker phototype, northern geographic residence, combined antiretroviral therapy (ART), metabolic syndrome, exiguous vitamin D intake, and advanced HIV infection. Although a prospective observational study has linked deficiency of this vitamin to decreasing bone mineral density (BMD), cardiovascular disease, opportunistic infections, HIV progression, and mortality, lack of randomized data prohibits firm conclusions on causation. However, on the basis of the evidence, all HIV patients should consume at least 600–800 international units (IU) of vitamin D daily, unless there are compelling circumstances that call for greater intake. Furthermore, clinicians should consider screening for deficiency in those at risk.
Keywords
Vitamin D; HIV; deficiency; antiretroviral therapy; outcomes
12.1 Introduction
Vitamin D has a well-established relationship to calcium homeostasis and skeletal integrity in the human body [1]. Although controversy surrounds the scrutiny of this vitamin in other aspects of health [2], potentially impacted diseases range from multiple sclerosis [3] and autoimmune maladies [4] to infectious diseases. Related to infectious diseases, vitamin D has been implicated in susceptibility to adult community-acquired pneumonia (CAP) [5], childhood respiratory infections [6], and bloodstream infections [7]. Vitamin D may also influence the course of tuberculosis [8], CAP [9], and human immunodeficiency virus (HIV) infection [10]. Research on vitamin D and HIV has been particularly prolific, and associations between this vitamin and CD4 count [11], viral load [12], and clinical outcomes, for instance, have been demonstrated [10]. This intricate, although debated [13], relationship between vitamin D and HIV will be discussed in detail here. Topics that relate to the patient with HIV are prevalence of low vitamin D, mechanisms underlying the vitamin’s effects in the human body, risk factors for low vitamin D, potential negative outcomes with suboptimal levels, methods of replacement, and areas for future research concerning vitamin D and HIV.


Sufficient vitamin D stores, represented by total serum 25-hydroxyvitamin D (25(OH)D) concentrations, are ensured by adequate nutritional intake or judicious ultraviolet (UV) light exposure. 25(OH)D is produced in the liver after ingestion and absorption of cholecalciferol (D3) or ergocalciferol (D2) or ongoing biochemical transformation in the integument of 7-dehyrocholesterol to vitamin D3 by UVB light (Figure 12.1). Subsequent conversion in the kidneys to the bioactive form, 1,25-dihydroxyvitamin D (1,25(OH)2D), is then required for end-organ effects mediated by interaction with the vitamin D receptor (VDR) [14]. Although variously defined [15], three categories of inadequate vitamin D nutritional status are recognized by most experts: vitamin D insufficiency, with 25(OH)D levels between 20 and 30 ng/mL; vitamin D deficiency, with levels between 10 and 20 ng/mL; and severe deficiency, with levels less than 10 ng/mL [16]. Unless otherwise stated, this review will adhere to these ranges in discussing these terms.

[image: image]
Figure 12.1 Illustration of vitamin D synthesis, metabolism, and regulation of calcium, phosphorous, and skeletal processes in the human body subsequent to sun exposure or ingestion. UVB, ultraviolet B; 25(OH)D, 25-hydroxyvitamin D; FGF23, fibroblast growth factor 23; 1,25(OH)2D, 1,25-dihydroxyvitamin D; 1-OHase, 25-hydroxyvitamin D-1α-hydroxylase; 24-OHase, 25-hydroxyvitamin D-24-hydroxylase; CaBP, calcium-binding protein; VDR-RXR, vitamin D receptor-retinoic acid X-receptor; RANKL, receptor activator of nuclear factor-κB ligand; TRPV6, transient receptor potential cation channel, subfamily V, member 6. Source: Borrowed with permission from Ref. [1].

12.2 Prevalence of Low 25(OH)D
Due to the multitude of variables affecting 25(OH)D serum concentrations, reports note quite disparate average levels in patients with HIV (range 8–32 ng/mL) and degrees of deficiency [17–23]. On the basis of studies performed in the northern hemisphere, where potential UVB light exposure is less intense, average 25(OH)D concentrations in patients with HIV are lower (8–18 ng/mL) [17,19,20,23,24] compared with those measured in the southern hemisphere (18–32 ng/mL) [18,22,25]. In addition to other factors associated with lower levels, average serum concentrations are reduced during spring or winter [26] in those not consuming vitamin D supplements [19,27] and in patients with darker skin [20,28]. Within the northern hemisphere, levels are decreased in more northern latitudes as well [19]. In aggregate, however, insufficiency, deficiency, and severe deficiency in those with HIV are estimated at 17–68%, 20–59% [17,24,29,30], and 4–10% [17,27] of patients, respectively. Despite these worrisome statistics, the prevalence of these degrees of deficiency in HIV cohorts is no greater than in the general population [18,19,31]. In fact, in a study specifically comparing the combined prevalence of vitamin D deficiency and insufficiency in those infected or uninfected, it was discovered that nearly 80% of each group had suboptimal levels [31]. Thus, although the scope of this problem is no greater in those with HIV, the gravity of the potential consequences of suboptimal levels (virologic and immunologic impairment, for instance) clearly warrants an in-depth discussion of this vitamin in this setting.

12.3 Pathophysiology of Vitamin D Effects
In those with HIV, vitamin D has been discovered to have a variety of biologic effects that may influence, in particular, bone health, presence of cardiovascular disease, risk of opportunistic infections, and evolution of HIV infection. Most intriguing among these is the vitamin’s potential to ameliorate HIV virologic [12] and immunologic progression [11] and attenuate the risk of opportunistic infections [32] through its interaction with the VDR. The reason for this is conjectured to lie within a phenomenon known as autophagy. Autophagy is a manner by which mononuclear cells are able to eliminate viral pathogens, including HIV, by lysosomal decomposition and recycling of cellular machinery. This process requires cathelicidin, a separate antimicrobial peptide, shown to be dependent on adequate concentrations of bioactive vitamin D and appropriate VDR interaction [33–35]. Thus, an impaired receptor or inadequate vitamin D may, in turn, detrimentally impact cathelicidin and subsequent autophagy, leading to higher viral loads and declining CD4 count. Preliminary, studies, indeed, suggest that polymorphisms in the 5ʹ-regulatory sequence (Fok-1region) or the 3ʹ-untranslated region (BsmI, ApaI, and TaqI genes) of the receptor may hasten disease evolution [36,37]. Furthermore, in contrast to low levels, adequate concentrations of bioactive vitamin D, by enabling autophagy, have been demonstrated to increase the number of CD4+T lymphocytes and regulatory T cells thereby preserving immune function as the virus is eradicated [38]. Finally, although not related to disease evolution, additional single nucleotide polymorphisms in the VDR may also influence the risk of initial HIV acquisition [37,39], which suggests that vitamin D and the autophagic process are crucial even at this early stage. Thus, if the VDR receptor is anomalous or the vitamin D nutritional status is inadequate, disease progression may be expedited due to impaired autophagy.

The pathophysiology underlying the vitamin’s effects on the skeletal system appears to be mediated by vitamin D’s ability to influence calcium homeostasis through interactions with the gastrointestinal system, the parathyroid gland, and the kidneys [1]. Impact on cardiovascular integrity is postulated to lie within vitamin D’s propensity to decrease endothelial dysfunction [40,41] and to influence inflammation [42–44].
12.4 Risk Factors for and Associations of Inadequate Vitamin D Nutritional Status in the Population with HIV
As previously described, darker phototype, residence in northern latitudes, and winter and spring months are clearly linked to inadequate vitamin D nutritional status in those with HIV. However, additional associations with suboptimal 25(OH)D serum concentrations, including combined antiretroviral therapy (cART), endocrinologic factors, certain lifestyle patterns, and degree of HIV control as assessed by CD4 count, viral load, or presence of opportunistic infections, have emerged.
12.4.1 cART Associations
Cross-sectional studies have demonstrated a higher prevalence of vitamin D deficiency in patients with HIV who are on cART compared with those not on cART. These findings hold true despite statistically controlling for duration of HIV or acquired immunodeficiency syndrome (AIDS), vitamin D intake, phototype, body mass index (BMI), total cholesterol level, and geographic residence [27,45,46]. This relationship between vitamin D and antiretroviral medicines appears particularly evident if more than three classes of antiretrovirals are needed for virologic control [47] or once treatment length exceeds 3–5 years [46,48]. However, when individual drug classes are considered, distinct differences emerge.
12.4.1.1 Antiretrovirals Active on the Reverse Transcriptase
Although some investigations suggest otherwise [49,50], an association between first-generation non-nucleoside reverse transcriptase inhibitors (NNRTIs) (efavirenz and nevirapine) and vitamin D deficiency is evident in the literature. It is believed that NNRTI induction of major hepatic enzymes [51], including those implicated in vitamin D metabolism, and interaction with the steroid xenobiotic receptor [16] are the culpable mechanisms. In a retrospective cohort study evaluating NNRTI therapy that included efavirenz and nevirapine, patients taking these medicines were three times more likely to be vitamin D deficient compared with those on alternative regimens [52]. A cross-sectional study also found the proportion of patients with vitamin D deficiency to be significantly greater in the group treated with first-generation NNRTIs compared with the protease inhibitor (PI) group (73.7% NNRTI group vs. 29.7% PI group, P=0.0017) [53]. A prospective study corroborated these investigations, demonstrating plummeting 25(OH)D levels as expected in those started on first-generation NNRTIs (coefficient of decrease:−8.2; 95% confidence interval [CI]:−13.3 to−3.0; P=0.002) [54].

Efavirenz has the most consistent association between first-generation NNRTIs and suboptimal vitamin D [24,29,55–57], particularly with severe deficiency [47] and with predictably higher levels of both alkaline phosphatase and parathyroid hormone, indicative of accelerated bone turnover [24,58]. Studies have demonstrated that 25(OH)D levels not only decrease upon exposure to efavirenz [59] but also consistently rebound after switching to alternative regimens [60], further confirming the relationship. Furthermore, as a person ages, the chances of developing vitamin D deficiency, particularly severe deficiency, with efavirenz may become even more likely [61]. Nevirapine has a less salient association with deficiency, with some studies suggesting an increased risk [52] and others not [24,55]. No data exclusively scrutinizing delavirdine and vitamin D are available.

In contrast to first-generation NNRTIs, second-generation agents (etravirine and rilpivirine) appear neutral with respect to vitamin D [56,62]. In a prospective study comparing a base of efavirenz with rilpivirine, for instance, 25(OH)D concentrations measured upon initiation of therapy and at 48 weeks deceased by an average of 2.5 ng/mL (P<0.0001) with efavirenz compared with only 0.2 ng/mL (P=0.57) with rilpivirine [62]. A retrospective analysis likewise found no correlation with low 25(OH)D and etravirine upon multivariate logistic regression modeling of potential covariates [56]. In addition, although two studies have linked the NRTI zidovudine to deficiency [60,63] and one linked tenofovir to deficiency [48], additional scrutiny of this class has not corroborated these findings [24,49,64].
12.4.1.2 Antiretrovirals Active on the Viral Protease
It is well-known that PIs have potent inhibitory effects on hepatic enzymes, hence, the impetus for ritonavir boosting to increase cART efficacy. PIs may also inhibit additional enzymes throughout the body, including the 1α-hydroxylase responsible for conversion of 25(OH)D to 1,25(OH)2D [65]. Therefore, a slight shift in equilibrium concentrations from bioactive vitamin D to 25(OH)D is created. In turn, as may be surmised, these medications are found in observational studies to impart decreased risk or no risk of vitamin D deficiency, as defined appropriately by 25(OH)D levels, compared with other antiretroviral regimens [10,31,58,66] or no antiretroviral regimen [67]. Preserved 25(OH)D seems to be evident with both first-generation [31] and second-generation PIs [56]. However, markers of skeletal turnover such as alkaline phosphatase are, nonetheless, elevated with these medications despite lack of vitamin D deficiency, and bone mineral density (BMD) is still adversely impacted [68]. Although it is not certain if inhibition of 25(OH)D conversion to bioactive vitamin D may be partially to blame, it is more likely that additional, less clearly elucidated mechanisms are culpable, as bioactive vitamin D levels are tightly regulated despite exogenous influences [16].

Although related to tenofovir interactions at the level of the kidneys, similar evidence of deleterious effects on the skeletal system are known to exist with tenofovir despite normal 25(OH)D levels [69]. This information is important as optimal 25(OH)D concentrations may give a clinician a false sense of skeletal integrity in patients on tenofovir or PIs and raise the question with regard to bioactive vitamin D levels being better markers of bone health in such cases. As yet, with few exceptions, bioactive vitamin D measurements, largely due to their stable nature, are not routinely recommended until further evidence is becomes available [16]. In addition, although 25(OH)D is typically preserved with such medicines, vitamin D deficiency existing simultaneously with the administration of PIs or tenofovir may act synergistically with the alternative PI or tenofovir mechanisms to negatively impact skeletal integrity even further [70,71].
12.4.1.3 Antiretrovirals Inhibiting Viral Entry or Viral Genomic Integration
To date, no systematic study on enfuvirtide or maraviroc effects on vitamin D has been executed. Although there are no data on the integrase inhibitors elvitegravir and dolutegravir and 25(OH)D, raltegravir appeared neutral with respect to vitamin D in a retrospective cohort study [31]. These results can likely be extrapolated to dolutegravir. Elvitegravir, in contrast, is currently formulated in Stribild with cobicistat, a known inhibitor of liver cytochrome P450 3A. As a result, systematic study of cobicistat and Stribild in relation to 25(OH)D and 1,25(OH)2D is required before inferences can be made. Given the potent liver cytochrome inhibition with cobicistat, it is hypothesized that 25(OH)D will be preserved in patients on such regimens, as is the case with PIs.
12.4.1.4 Antiretrovirals: A Summary
In summary, first-generation NNRTIs, namely, efavirenz and nevirapine, are associated with low vitamin D stores related to their tendency to induce hepatic microsomal enzymes. On the basis of available data, it appears that this relationship is most evident after certain duration of therapy (3–5 years). NRTIs (with the exception of zidovudine), second-generation NNRTIs, PIs, and integrase inhibitors have no clear link to vitamin D deficiency, and insufficient evidence is available with regard to entry inhibitors. However, it is important to remember that deleterious effects on the skeleton are, nevertheless, still possible with tenofovir and PIs despite preserved 25(OH)D. Given a plausible mechanism (liver enzyme induction) as well as prospective data demonstrating a subsequent drop in vitamin D stores upon first-generation NNRTI exposure, these medicines likely have a causal association. Furthermore, it is felt that data, in general, on cART and its association with low vitamin D largely reflect the negative impact of first-generation NNRTIs.
12.4.2 Non-cART Associations

12.4.2.1 Endocrinologic Associations
As in the general population [72], various aspects of metabolic syndrome in patients with HIV correlate with vitamin D deficiency. Overweight and obesity are well-replicated independent predictors of suboptimal 25(OH)D levels [31,58,63,73]. In fact, elevated BMI may be a more robust predictor of vitamin D deficiency than season and geographic residence [63] and appears independent of cART-induced lipodystrophy [74]. In an analysis controlling for overweight and obesity, the presence of diabetes mellitus was also significantly associated with vitamin D deficiency (adjusted odds ratio [aOR] 1.85; 95% CI: 1.03–3.32; P=0.038) [75]. Likewise, insulin resistance without an overt diabetes diagnosis was linked to low vitamin D stores [76,77]. Furthermore, an observational study found high blood pressure to increase the risk for low vitamin D levels (aOR 1.88; 95% CI: 1.10–3.22) [31], and there is evidence both for and against hyperlipidemia being a risk factor [46,57]. In contrast to those with metabolic syndrome, patients who are malnourished and underweight in the setting of advanced HIV, as one would expect, are also frequently vitamin D deficient [52,78].
12.4.2.2 Lifestyle Associations
As briefly discussed, lifestyle factors such as geographic location of residence clearly influence vitamin D status [19]. In addition, lack of dietary supplementation of vitamin D, particularly when combined with darker skin type [79], or exiguous consumption of dairy products, as occurs in those with lactose intolerance, correlates with vitamin D deficiency [27]. Consuming a healthy diet, in general, is protective against deficiency [80]. For unclear reasons, even after controlling for increased BMI, a sedentary lifestyle has been linked to vitamin D deficiency or insufficiency [31], as has tobacco smoking [53,56].
12.4.2.3 HIV Control
In retrospective cohort and cross-sectional studies, HIV control, as assessed by CD4 count, viral load, or clinical criteria, appears to be associated with vitamin D deficiency. CD4 cell count of less than or equal to 50 cells/mm³ (aOR 1.95; 95% CI: 1.12–3.4; P=1.019) or less than or equal to 200 cells/mm³ (aOR 1.66; 95% CI: 1.11–2.4; P=1.014) is a risk for deficiency. As CD4 counts trend above 350 cells/mm³, this relationship disappears [66]. Additional study has replicated this association between CD4 counts less than or equal to 200 cells/mm³ and vitamin D deficiency [81,82]. After controlling for CD4 count, HIV viral load greater than 50 copies/mL appears to be a risk for deficiency (aOR 2.396; 95% CI: 1.120–5.127; P=0.024) [30], whereas undetectable viral load is associated with an attenuated risk (aOR 0.69; 95% CI: 0.50–0.95; P=0.024). Likewise, a history of AIDS is linked to suboptimal 25(OH)D serum concentrations [26,47,79]. Whether vitamin D deficiency leads to viral and immunologic progression and more advanced disease or whether frequent hospital care (lack of sun exposure) and malnutrition in the setting of advanced disease cause low vitamin D levels is a matter of conjecture based on these data. It may even be that the relationships elaborated here are bi-directional. However, additional investigations presented in the second half of this chapter provide compelling evidence that suboptimal vitamin D levels can truly contribute to HIV disease progression based on both clinical and laboratory criteria.
12.4.2.4 Additional Associations
Although not as well established, additional patient variables associated with suboptimal vitamin D status are female gender [47,78,83], advancing age [23,78], psychiatric illness [74], and proteinuria in those with diabetes and HIV [84]. Underlying renal disease (glomerular filtration rate<90) has been linked to low 25(OH)D in one report [66], but another study found no association [31]. Finally, three single nucleotide polymorphisms within the intron region of the vitamin D–binding protein (VDBP) have been linked to lower 25(OH)D concentrations in a cohort of patients with HIV [85].
12.4.3 Summary of Associations
Thus, in addition to variables related to sunlight exposure and absorption of UVB rays, first-generation NNRTIs, metabolic syndrome, exiguous vitamin D intake, and poorer HIV control are well-established risks for varying levels of vitamin D deficiency in patients with HIV. Although it seems plausible that phototype, geographic residence, and first-generation NNRTIs, by known mechanisms, prospective observational study, or both, could be genuine causes of vitamin D deficiency, the association is less clear in the case of the other variables. Regardless, all of these discussed risks are potentially useful markers that can help clinicians identify those who require screening for deficiency.
12.5 Potential Negative Outcomes Associated with Inadequate Vitamin D Nutritional Status in the Population with HIV

12.5.1 Skeletal Health
There is insufficient research in the population with HIV with regard to vitamin D deficiency and osteopenia or osteoporosis; the lack of investigation in this area is likely to become less prominent in the future as HIV cohorts age and rates of osteoporosis increase, thereby creating more patients for research on this topic. Based on current studies reporting prevalence alone, it appears that those with HIV and osteopenia or osteoporosis frequently have comorbid vitamin D deficiency [86,87]. However, in a cross-sectional study of patients with HIV, which employed multivariate modeling, vitamin D deficiency was not found to be an independent and specific predictor of osteoporosis [88,89], although this deficiency does predict osteopenia [90]. Prospective studies do support subsequent decrease in BMD over time in those with vitamin D deficiency, but development of osteoporosis and osteopenia has not been specifically examined [90,91]. Vitamin D has also proven to be a useful adjunct to a bisphosphonate in the treatment of established osteoporosis in patients with HIV, which indirectly supports vitamin D’s role in osteoporosis in the setting of HIV [92,93]. In addition, given vitamin D’s intricate role in calcium and phosphorous homeostasis in general, it is logical to suspect that its deficiency would contribute to osteoporosis over time in patients with HIV [1,14]. Furthermore, data from uninfected populations illustrating vitamin D’s role in the development of osteopenia or osteoporosis [94] likely can be applied to HIV cohorts as well. Thus, although prospective studies in HIV only support declining BMD as a potential outcome of vitamin D deficiency in HIV cohorts, extrapolation, based on more rigorous evidence, of data on osteoporosis risk due to vitamin D deficiency in the general population is likely permissible.
12.5.2 Surrogate Measures of Cardiovascular Health
Because persons with HIV have been found to have a higher incidence of cardiac morbidity compared with those without HIV [95], further investigation into the potential etiologies has ensued, including examination of vitamin D. The impetus for the study of vitamin D in the setting of HIV and cardiovascular disease derives from research in the non-HIV population linking vitamin D deficiency to cardiac events and mortality [96]. It is hypothesized that vitamin D may contribute to cardiovascular risk in HIV through increases in inflammation beyond that caused by the virus alone. More specifically, vitamin D deficiency in patients with HIV has been tied to higher cross-reactive protein [43,44,81], elevated interleukin 6 (IL-6) [43], and resistin [81]. Impairment of endothelial function due to inadequate vitamin D is also theorized to contribute [40,41]. Although actual cardiac events in patients with HIV have not been studied in reference to low 25(OH)D, surrogate measures of poorer cardiovascular health such as coronary artery calcification and carotid intima media thickness (cIMT) have been examined.

In a cross-sectional study, after controlling for cholesterol level, age, family history, and gender, vitamin D deficiency was shown to be a risk for increased coronary artery calcium by computed tomography (CT) (aOR 1.98; 95% CI: 1.31–3.00) [97]. Studies with a similar design have found vitamin D deficiency to be associated with coronary stenoses 50% or greater (aOR 2.28; 95% CI: 1.23–4.21) [41]. Likewise, markers of peripheral arterial disease such as increased cIMT [42] and impaired flow-mediated dilation [98] are greater in those with a suboptimal vitamin D status. The most compelling evidence associating vitamin D deficiency with cardiovascular disease development, however, derives from a prospective analysis of 119 men with HIV, who underwent initial CT scanning documenting coronary blockages less than or equal to 50% prior to enrollment. Employing Cox regression to control for age, gender, lipid levels, blood pressure, Framingham risk score, HIV control, and duration of cART, researchers found vitamin D deficiency to impart significant risk for progression to greater than or equal to 50% coronary stenoses (adjusted hazard ratio[aHR] 5.32; 95% CI: 1.62–17.5; P=0.005) over 4 years. Those who were severely deficient (<10 ng/mL) appeared to have the greatest risk of disease progression [99].

Thus, evidence from the above research, particularly the prospective study [99], supports poorer cardiovascular health as a potential outcome in those with HIV and vitamin D deficiency. The robustness of these data, however, is questionable because only surrogate measures of cardiac integrity, not true events, were employed.
12.5.3 Virologic and Immunologic Impairment
Due to its impact on cathelicidin and autophagy in mononuclear cells, vitamin D is thought to improve the immune system in HIV infection and limit its progression, based on both laboratory and clinical criteria. It seems clear from cross-sectional and retrospective cohort studies that inadequate vitamin D in patients with HIV is associated with detectable viral loads on cART and decreased CD4 counts, as discussed previously. However, it cannot be ascertained from these studies whether one of the two variables causes the other or if a third variable is operating to create the association. Evidence from at least one study supports impairment of immunologic improvement on antiretrovirals as a consequence of inadequate vitamin D levels. Two-hundred women with AIDS were prospectively followed up for 24 months after commencement of cART. After multivariate adjustment, those with 25(OH)D levels less than 30 ng/mL were significantly less likely to attain a CD4 count greater than 200 cells/mm³ compared with those with sufficient levels (OR: 0.20; 95% CI: 0.05–0.83). The relationship between levels less than 20 ng/mL and lack of CD4 reconstitution at 24 months was significant as well, but the association was not more robust [11]. Additional data to be discussed implicate vitamin D deficiency in subsequent risk of opportunistic infections and clinical progression, again supporting that vitamin D truly precedes and influences later CD4 counts and viral loads.
12.5.4 HIV Comorbid Infections and HIV-Related Mortality
Cross-sectional data have demonstrated that vitamin D deficiency confers increased risk of bacterial vaginosis [100]. Furthermore, in a prospective trial that followed up patients over 2 years, both upper respiratory infection and oral candidiasis occurred more commonly in those with 25(OH)D concentrations less than 32 ng/mL [101]. Additional research has corroborated the association between vitamin D and thrush [102]. The relationship between HIV and outcomes of comorbid hepatitis C in those with vitamin D deficiency is less clear. Although the severity of fibrosis in patients with co-infection appears greater in those with suboptimal vitamin D status [103–105], prospective observational studies have provided evidence both for [105] and against [104] impaired hepatitis C clearance in those with deficiency treated with interferon-based therapy. A randomized controlled study of co-infected patients with low 25(OH)D levels, in which 2,000 IU of vitamin D were added to interferon and ribavirin treatment did, nevertheless, demonstrate higher rates of sustained virologic response in the replacement arm [106]. Data on vitamin D status in patients with co-infection in the NS3/4A PI era are not available. With regard to opportunistic malignancies, low 25(OH)D levels do not appear to impair resolution of Kaposi sarcoma following initiation of effective cART [107].

Although not all research has found vitamin D deficiency to be a risk factor for decreased long-term survival in the context of HIV [108], there is some compelling data that suggest otherwise. Initial studies on this topic in the pre-HAART era focused on bioactive vitamin D levels. Fifty-three patients with HIV were followed up over 9 months with serum bioactive vitamin D levels measured at baseline and periodically thereafter. After controlling for antiretroviral therapy (ART), CD4 count, and HIV p24 antigen level by Cox regression, those with bioactive vitamin D concentrations less than 25 pg/mL had significantly shorter survival. As expected, bioactive vitamin D levels demonstrated positive correlations with both CD4 (r=0.35; P<0.05) and CD8 counts (r=0.33; P<0.01) [109]. Later, in an analysis of 884 Tanzanian women with HIV (largely cART-naïve), 25(OH)D levels less than 32 ng/mL conferred increased risk for advanced HIV (World Health Organization [WHO] stage III or IV). Furthermore, when followed up over 6 years, those women with the highest levels of 25(OH)D (highest quintile) were found to have a much lower risk of death compared with those with the lowest values (relative risk [RR]: 0.58; 95% CI: 0.40–0.84; P=0.01). This study statistically accounted for the presence of ART, CD4 count, and WHO class [110]. Finally, in the largest prospective study to date on this topic (N=1,985;>80% on cART), higher 25(OH)D predicted not only greater survival but also lower risk of subsequent clinical AIDS. Specifically, researchers compared patients with values greater than 20 ng/mL or 12–20 ng/mL with patients with concentrations less than 12 ng/mL. Patients in the two higher groups were much less likely to succumb over time (HR: 0.68; 95% CI: 0.47–0.99; P=0.0450) and (HR: 0.56; 95% CI: 0.37–0.83; P=0.0039), respectively, after controlling for confounding variables [10].

12.5.5 HIV Vertical Transmission
When children were assessed 6 weeks after birth, a prospective observational study demonstrated increased risk of maternal HIV transmission to the infants of women with 25(OH)D concentrations less than 32 ng/mL (RR: 1.50; 95% CI: 1.02–2.20). Furthermore, if maternal 25(OH)D was low, higher rates of infection through breast-feeding in infants not contracting HIV intrapartum were noted [111]. Although a subsequent retrospective cohort study did not corroborate the findings of increased vertical transmission risk [112], the initial results are compelling enough to warrant further investigation.
12.5.6 Summary of Potential Outcomes and Caveats Regarding the Available Studies
Ostensibly, systematic investigation suggests that varying degrees of vitamin D deficiency in the context of HIV may contribute to suboptimal bone health, increased prevalence of cardiovascular disease, elevated incidence of opportunistic infections, and potentially impaired course of hepatitis C. Low 25(OH)D concentrations may also effect progression to AIDS, mortality rates, and risk of vertical transmission. Elevated risk of these deleterious outcomes appears to be independent of critical confounding variables such as cART administration. Although some of these studies are well-designed prospective investigations that implemented accepted methods of multivariate modeling, no randomized controlled data (except in hepatitis C) are available to unequivocally substantiate the results. Thus, alternative explanations such as a “healthy-user bias” [113] should be considered. Furthermore, within these observational studies, there is some heterogeneity in the findings, as discussed, with not all being in agreement. Therefore, although clearly important to the health and well-being of the patient with HIV, vitamin D should never be construed as a replacement for cART and other traditional aspects of care.
12.6 Methods of Replacement

12.6.1 Usual Circumstances in Replacement and Maintenance
As in the general population, all patients with HIV, including those without vitamin D deficiency, should be advised to consume a minimum of 600–800 IU of vitamin D daily. For those taking anticonvulsants, first-generation NNRTIs, systemic corticosteroids, or ketoconazole, higher amounts are needed (1,000–2,000 IU daily), as would be the case for those with obesity or malabsorption [16]. If such amounts cannot be ensured from dietary sources or sun exposure, supplementation is in order. For patients with risk factors for low levels, as discussed in the first half of this chapter (Table 12.1), screening for suboptimal concentrations is a reasonable practice. Measurements using a reputable, commercially available assay employing accepted methods (i.e., mass spectroscopy, high-pressure liquid chromatography, and competitive binding assays) are advised. To minimize confusion in the interpretation of different measurements, the same testing platform and laboratory should ideally be utilized to minimize interassay variability concerns [114].


Table 12.1

Summary of Risk Factors for Suboptimal 25-Hydroxyvitamin D Levels




	Risk factor
	Evidence comment
	Comment on prevention/treatment




	Darker phototype
	Multiple observational studies supporting association
	Screen patients with darker photoype (African American, Hispanic)a


	Residence in northern hemisphere
	Multiple observational studies supporting association
	Screen those in northern hemisphere, particularly in northern-most latitudes (northern Europe, Canada, northern United States)


	First-generation NNRTIs
	Well-replicated risk. More than two prospective studies exist. Association more evident after 3–5 years
	Screen before NNRTI initiated and monitor during treatment. Maintain on 1,000–2,000 IU daily if sufficient on initial testing or 3,000–6,000 IU daily after replacement for deficiency


	Zidovudine
	Only two retrospective studies support association
	Consider initial screening levels and monitoring during therapy


	Tenofovir
	Only one study supports association. May affect bone by non–vitamin D mechanism
	Due to negative effects on bone by alternative mechanism that may synergize with low 25(OH)D, consider initial levels and monitor during treatment


	Elevated body mass index
	Well-replicated, strong association
	Screen all patients with obesity; consider screening if overweight. Maintain with 1,000–2,000 IU daily if sufficient levels or 3,000–6,000 IU daily after replacement


	Hyperlipidemia
	Mixed evidence for and against
	Consider screening if additional risk factors present


	Diabetes mellitus and hyperinsulinemia
	Fair observational evidence exists, but not well replicated
	Consider screening if additional risk factors present


	Presence of hypertension
	Single study reporting association
	Screen in context of overweight or obesity


	Lack of vitamin D in diet, poor intake of dairy
	Logical associations confirmed with observational evidence
	Recommend baseline supplementation with at least 600–800 IU daily. Screen for low levels and replace as needed


	Sedentary lifestyle
	Single study supporting association
	Insufficient evidence for recommendation


	Tobacco smoking
	Two studies supporting association
	Insufficient evidence for recommendation


	Advanced HIV
	Well-replicated, strong association
	Screen those with CD4 count less than or equal to 350 cells/mm³, persistently detectable viral load greater than 50 copies/mL, AIDS-defining illnesses, or wasting


	Miscellaneous risk factorsb
	One to two studies supporting individual factors
	Insufficient evidence for recommendation




aAfrican American and Hispanic populations are best studied, but can consider screening other groups with darker phototype.

bIncludes female gender, older age, comorbid psychiatric diagnosis, proteinuria in context of HIV and diabetes, underlying renal disease, and VDBP polymorphisms.



Replenishment of vitamin D in patients with HIV who have low levels of the vitamin appears to improve markers of bone catabolism [115] and immune function [116]. Furthermore, replenishment, although unproven at this point, may reduce negative outcomes, as suggested by the research presented in the second half of this chapter. There are exiguous data on patients with HIV alone with regard to replenishment, with the available studies having employed varying dosages, preparations, and durations of treatment [115,117–120]. The Endocrine Society guidelines that discuss replenishment in general for adults with deficiency, however, can be applied to patients with HIV. These guidelines recommend cholecalciferol (D2) or ergocalciferol (D3) for 8 weeks as either 50,000 IU weekly or 6,000 IU daily in those who are deficient. The goal should be to attain a serum concentration greater than 30 ng/mL, a level disputed by the Institute of Medicine (IOM) [15] (the IOM recommends>20 ng/mL) but recommended by the Endocrine Society and the author of this chapter. After effective replenishment, a dose of 1,500–2,000 IU daily should suffice as a maintenance dose [16]. Furthermore, extrapolating from these guidelines, higher supplementation doses—the equivalent of 6,000–10,000 IU daily—are reasonable for patients on first-generation NNRTIs and have obesity or impaired intestinal absorption with. The maintenance dosage would also need to be greater after replenishment (3,000–6,000 IU per day). Although not specifically addressed by the guidelines, patients with insufficient, but not deficient, levels can be replenished with cholecalciferol (D2) at a dosage of 800–1,000 IU per day (author’s experience); such formulations of cholecalciferol are inexpensive and readily available without a prescription.

After ensuring compliance, if appropriate levels of 25(OH)D are not achieved with the recommended therapies, intestinal malabsorption (i.e., celiac disease) should be investigated if not known to exist. For individuals with more complications (i.e., those with primary hyperparathyroidism, baseline hypercalcemia, or renal disease), consultation with an endocrinologist or nephrologist should be sought. Caution is also in order in those with substantially elevated cardiac risk (Framingham 10-year risk>20%) when calcium is administered concomitantly, as some evidence suggests that the calcium component may further increase cardiovascular risk [121], particularly in men [122]. For adolescents or children, lower dosages and differing protocols are recommended [16].
12.6.2 Unique Circumstances in Replacement and Maintenance
In patients with HIV as well as osteopenia or osteoporosis and low 25(OH)D levels, replacement can likely proceed along the usual algorithms [16] and should be executed prior to osteoporosis-specific therapy [123]. It may be prudent, furthermore, to reassess BMD sometime after vitamin D replenishment to evaluate the continued need for osteoporosis therapy. Maintenance vitamin D supplementation may then commence, with targeted therapy for osteoporosis (zolendronate, alendronate) [92,123]. Trials examining bisphosphonates have used 400 IU of cholecalciferol concomitantly with 1 g of calcium. However, in accordance with the Endocrine Society guidelines, a minimum of 600–800 IU of vitamin D would be recommended in those without previous deficiency or other compelling factors and 1,000–2,000 IU as the maintenance dosage in those with previous deficiency [16]. HIV patients with granulomatous disorders, including tuberculosis, nontuberculous mycobacterial disease, lymphoma, and disseminated endemic mycoses, also represent a unique scenario. Due to aberrant production of 1,25(OH)D in macrophages in those with these maladies [1,16], both elevated serum and urine calcium are frequent accompaniments and may potentially increase cardiovascular risk [121] and predispose the patient to nephrolithiasis. Therefore, although it is still appropriate to treat the vitamin D deficiency, a lower target of greater than 20 ng/mL (as opposed to 30 ng/mL) should be utilized to minimize hypercalcemia or hypercalciuria, parameters that should be monitored periodically during replenishment of vitamin D in these individuals [16].
12.7 Areas for Future Research

As the disagreement between the IOM and the Endocrine Society proves, more research is needed in both the general population and the population with HIV to establish the optimal level of vitamin D that confers health benefits to all relevant organ systems. With regard to the putative risk factors for low vitamin D in the population with HIV, more prospective studies are needed, particularly for the less researched variables—female gender, psychiatric illness, sedentary lifestyle, and smoking—to confirm the associations. As novel cART medications become available, it will be important to investigate their relationship to vitamin D as well. Prospective studies controlling for HIV wasting are also necessary to ascertain if lower CD4 counts and higher viral loads are truly the results of low vitamin D levels or merely an accompaniment of malnutrition or advanced AIDS. In addition, although randomized studies cannot prove causation in the debate on vitamin D’s association with morbidity and mortality, it would be beneficial to collect additional prospective data regarding this domain. When investigating cardiovascular outcomes specifically, endpoints such as myocardial infarction or stroke should be employed in lieu of surrogate measures. Finally, although seemingly logical, it remains unknown if screening for low vitamin D levels in patients with HIV at risk for deficiency would improve outcomes and be cost-effective. It is certainly feasible in this instance to randomize patients to periodic screening and compare the findings with those from a control group. Cost-benefit analyses could be performed subsequently.
12.8 Conclusion

In conclusion, varying degrees of vitamin D deficiency, as defined by serum 25(OH)D levels, are common in the HIV and general populations alike. Important risk factors for suboptimal levels are phototype, geographic residence, use of first-generation NNRTIs, different aspects of metabolic syndrome, exiguous intake of dairy products and other vitamin D sources, and more advanced HIV infection. Through impairment in calcium homeostasis, low 25(OH)D levels appear to contribute to decreased BMD. In addition, through dysregulation of endothelial function and of the components of the immune system, suboptimal levels may increase cardiovascular risk. Low vitamin D stores may also influence virologic and immunologic failure, progression to clinical AIDS, and even subsequent all-cause mortality through aberrant interactions with mononuclear cells.

Although many studies on vitamin D and HIV outcomes are prospective studies and implement rigorous statistical procedures to control for covariates, only randomized controlled studies can clearly substantiate causation. Thus, arguments that patients with HIV who are relatively healthier are also more likely to have sufficient vitamin D levels and that this “healthy user effect” explains improved outcomes must be considered seriously. Continued research is needed to confirm the potential negative outcomes associated with low 25(OH)D levels, particularly in the setting of cardiovascular disease, where only surrogate measures have been employed. Furthermore, randomized trials, where feasible, as well as studies to elucidate the benefits of screening for low vitamin D, could be informative.

Until more rigorous investigation is undertaken, it is prudent to screen patients with HIV for low vitamin D levels and for the risk factors for deficiency, which have been discussed in this chapter. In addition, those already affected by the complications associated with low vitamin D levels (osteopenia, osteoporosis, cardiovascular disease, advanced HIV, or cART treatment failure) should be screened and treated as well. Finally, in both the HIV and general populations, clinicians should ensure intake of 600–800 IU of vitamin D daily, with higher amounts prescribed for those with low vitamin D levels, obesity, and malabsorption or who are on treatment with medications that induce liver metabolism.
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This chapter examines, through the lens of improving health outcomes and implementing cost effectiveness, the structure, funding, and delivery methods for the Ryan White Food and Nutrition Services (FNS) Program, arguably the most robust FNS program in the United States for people living with chronic illnesses. The chapter then details the delivery of FNS from an operational perspective, through case studies of six of the leading FNS agencies across the United States. Each programmatic case study reviews organizational mission and activities; successes and challenges experienced by organizations; descriptive process and outcome indicators associated service delivery; and how services have evolved because of the current health care landscape. Analysis of the Ryan White FNS Program, in policy and practice, is then used to model how FNS, a relatively inexpensive benefit, could be incorporated into our nationwide health care delivery system to capitalize on the results evident in the outcomes of Ryan White for all people living with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) (PLWHA) and for people living with other chronic and severe illnesses.
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13.1 Introduction

13.1.1 State of Food Insecurity and HIV Across the United States
Food insecurity is a major problem in the United States. Recent estimates indicate that more than 17.5 million households were food insecure in 2013, including 1 in 5 households with children, where adequate, nutritious food could not be consistently provided. Factors associated with higher rates of food insecurity include incomes near or below the poverty line, Black and Hispanic households, and households headed by single parents. The prevalence of food insecurity was highest among households located in large cities [1,2].

Existing in parallel to the national food security crisis is the human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) pandemic. There are currently an estimated 1.2 million people living with HIV (PLWH) in the United States, and approximately 1 in 7 are unaware of their infection. The number of newly diagnosed cases annually has remained at 49,000–50,000 [3]. Although the advent of highly active antiretroviral therapy (HAART) has changed the trajectory of the epidemic, reducing HIV-related morbidity and mortality [4–6], there were, nonetheless, over 19,500 AIDS-related deaths in the United States in 2011 [3]. In addition to the improved health and longevity of PLWH, the risk of transmission between serodiscordant contacts is reduced when HIV-positive persons are in care, are adherent to antiretroviral therapy (ART), and experience sustained viral suppression. However, research has shown that this is not accomplished for many PLWH [7–9]. Racial and ethnic minorities, men who have sex with men, substance users, and persons living in poverty are at a disproportionately high risk of infection in the United States and also have a high risk for poor medical care and health outcomes among those infected [10–12].

Although food insecurity has long been recognized to be associated with HIV in resource-poor settings, rates of food insecurity and malnutrition among PLWH are high in high-resource settings as well. Studies have documented prevalence rates between 34% and 71% [13–18]. Current evidence of the prevalence and correlates of food insecurity and PLWH in the United States comes from cross-sectional and cohort studies conducted in San Francisco, Miami, Connecticut, Atlanta, and New York. Several studies have focused on homeless and drug using populations with HIV infection, but accumulating evidence suggests that a disproportionate risk of dual food insecurity and risk for HIV/AIDS exists in US population samples [19] and food insecurity among general samples of persons with HIV who are in care [20,21]. Household poverty, substance use, mental health needs, and unmet needs for housing and other supportive services are strongly associated with food insecurity, which suggests that PLWH who are food insecure experience multiple forms of hardship and the inability to meet basic subsistence needs.
13.1.2 “Syndemic” Relationship Between Food Insecurity and HIV/AIDS
Food insecurity and HIV have been previously described as “syndemic” because the conditions often exist simultaneously and aggravate and perpetuate each other at the individual household and population levels [22–26]. HIV adversely impacts an individual’s nutritional status by raising the metabolic rate and nutrient requirements. In parallel, it can compromise nutrient absorption, reduce appetite, and limit access to food. Furthermore, among PLWH, poor nutritional status increases the risk of death, even among those receiving life-saving HAART [27,28]. Studies have suggested that HIV perpetuates food insecurity at the household level by limiting human labor capacity, reducing household income generation, and imposing time and financial burdens on patient caregivers [24]. Food insecurity has been shown to contribute to poor clinical outcomes of HIV in numerous studies, by means of distinct nutritional, mental health, and behavioral pathways [22]. Current scientific evidence points to the fact that food insecurity in high-resource settings is highly correlated with an increased risk of behavioral HIV transmission—through mechanisms of both unsafe sex and drug-use practices [29]. Food insecurity has been associated with late access to treatment and care, missed appointments, lack of adherence to ART, and increased emergency room visits and hospital stays [18,20,30,31]. Most alarming is the fact that food insecurity has been associated with poor immunologic and virologic response to HIV treatment and to an increased risk of HIV-related mortality among individuals receiving HAART [22–25,32].
13.1.3 “Food is Medicine” for PLWH
The growing body of evidence linking food insecurity and HIV/AIDS has led to global policy and program changes. In 2011, the UN General Assembly Political Declaration on HIV and AIDS reaffirmed a resolution to integrate food and nutritional support as part of a comprehensive response to the global HIV epidemic [33]. Standard-setting organizations such as the UN World Food Program (WFP) are stressing the importance of integrating HIV/AIDS and food insecurity into vulnerability analyses [34], with the aim of ensuring nutritional support to PLWH as part of a comprehensive effort [35]. In 2011, the WFP led the establishment of an Inter-Agency Task Team on Food and Nutrition and HIV that would bring together global experts from academic, governmental, and non governmental organizations to identify salient operational research priorities.

The concept of “food is medicine” has a long history, as illustrated by the Haitian proverb, popularized by Paul Farmer, “Giving drugs without food is like washing your hands and drying them with dirt” [36]. Global evidence of the efficacy and effectiveness of nutritional support in improving HIV/AIDS clinical outcomes has been variable. Systematic reviews of early intervention studies concluded that specific interventions, target populations, and study quality were so variable that no firm conclusions could be drawn about the effects of micronutrient supplementation programs on HIV clinical outcomes and mortality [37]. Reviews of more recent studies on the impact of nutritional supplementation and food assistance programs have included more rigorous studies and provide evidence that nutritional supplementation and food assistance interventions have the potential to improve nutritional status, quality of life, retention in care, and adherence in care. Evidence of the positive associations between food and nutrition interventions and clinical outcomes in HIV is promising, but more research is needed to better understand the different outcomes across populations and study settings [38–40].

Encouraging evidence from observational studies is accumulating. A recently completed cohort study, which included interviews with over 800 study participants every 12–18 months found that PLWH who were food insecure at one time who then received Food and Nutrition Services (FNS) and were no longer food insecure were less likely to miss scheduled medical appointments, more likely to remain on ARVs and be adherent to treatment, and less likely to report emergency room visits or hospital inpatient stays; they scored higher on measures of health functioning and were more likely to have viral suppression compared with those who continued to experience food insecurity [21,41]. The benefits of assistance from the FNS and reduction of food insecurity appear to affect HIV outcomes directly by improving nutritional intake and indirectly by reducing stress and other psychosocial states associated with food insecurity and by removing barriers to HIV medical care and treatment adherence, which are associated with competing subsistence priorities.

Qualitative research suggests that for the “lived reality” of many PLWH, access to medically informed FNS constitutes an urgent and unmet need. To this end, the Ryan White FNS Program is addressing an important evidence-based and community-identified need for addressing the health and well-being of PLWHA.
13.2 Ryan White FNS Category: A Brief History
The Ryan White Treatment and Modernization Act, originally the Comprehensive AIDS Resources Emergency (CARE) Act, was first enacted by Congress in 1990. Ryan White is the largest source of federal funding that is solely devoted to the provision of medical and support services to PLWH and their families. Ryan White supports PLWH at each stage of their illness, helping them to remain in care, take their medications regularly, and stay healthy. It has become the gold standard of comprehensive, holistic care for people living with severe and chronic diseases. In the age of health care reform, Ryan White was the first program to recognize the vital role of structural interventions such as housing, transportation, and especially access to nutritious food as key determinants of health. Currently, in the Ryan White formula, 75% of funds must be spent on core medical services, and only 25% may be spent on what are deemed support services.

The Food and Nutrition Services (FNS) category is an integral part of the Ryan White program. The program created through this category is now arguably the most robust FNS program in the country for people living with chronic illnesses. FNS agencies often provide both medical nutrition therapy (MNT) and food together, and both services are considered integral to the category. MNT covers nutritional diagnostic therapy and counseling services focused on the prevention, delay, or management of diseases and conditions, and involves an in-depth assessment, periodic reassessment, and intervention provided by a licensed, Registered Dietitian (RD) outside of a primary care visit.

The range of nutrition provided through the Ryan White program constitutes a full continuum of care: from home-delivered meals and pantry or grocery bag programs, to congregate meal sites. For those who are most mobile, there are congregate meals, walk-in food pantries, and voucher programs. For those whose disease has progressed to a debilitating stage, home-delivered meals and home-delivered grocery bags are provided to complement their medical treatment.

Congregate meal programs offer healthy meals to PLWH in a group setting. Not only do these nutritious meals increase the clients’ strength so that they can better perform activities of daily living (ADLs) and take and absorb their medications, they also serve to break the isolation experienced by PLWH by providing opportunities to socialize and receive mutual support. FNS serve as a gateway for these clients, once stabilized, to connect to additional care services such as mental health, legal assistance, or case management.

Many of the current clients of congregate meal programs are living in unstable housing situations. These clients are unable to purchase nutritious food due to limited or no income. Congregate meals include high-protein, whole-grain, and low-sodium foods, as well as fresh fruits and vegetables. Clients are introduced to plant-based protein sources, lean cuts of meat, and meals freshly prepared instead of processed, canned, or packaged convenience foods bought from the supermarket.


Nutrition education helps improve clients’ nutrition-related knowledge with regard to the association between taking their medication regularly and eating healthy foods as they manage their illness. With this knowledge, they become more interested in following up and getting connected to other areas of care, including mental health services and lifestyle changes.

This is especially true of the Ryan White grocery bag programs (sometimes called pantry bag programs), where more stable, although still low-income, clients are given bags full of healthy ingredients to cook their food. Some grocery bags are designed for the client to fit the unique mix of nutrients needed to manage HIV/AIDS. Other grocery bag programs are client-choice food pantries; that is, instead of getting prepacked food bags, clients are able to choose their preferred foods in specific categories such as lean proteins, fruits, vegetables, grains, and cereals. The client-choice model empowers clients to make healthier food choices when they are shopping in their neighborhood grocery stores. For those who are not receptive to or ready for nutrition counseling, or have barriers to learning, a pantry setting serves as an opportunity for a hands-on teaching approach. Many congregate meal and pantry bag programs also conduct cooking classes as part of the nutrition experience, so clients who have stable homes can learn how to prepare nutritious foods.

Within the continuum of care, home-delivered meals are vital for PLWH who are too sick to shop or cook for themselves. Home-delivered meal programs ensure that these clients, who are often isolated, alone, and unable to accomplish the normal ADLs, continue to receive the nutrition their condition so urgently demands so that they are able to remain in their homes and adhere to their medication regimens. Without home-delivered meals in the Ryan White portfolio, countless clients would face institutionalization for malnutrition or complications from nonadherence.

Many home-delivered meal providers offer a wide array of individualized, modified diets such as vegetarian, low-fat, low-acid, pureed, low-sodium, low-sugar, and many more diets, all of which help clients cope not only with HIV/AIDS but with other comorbidities as well. For clients who are gaining strength, some programs provide home-delivered grocery bags.

Home-delivered meal providers serve the sickest of the sick; and without them, many PLWH would, quite literally, starve. Nutrition education is conducted over the phone, and the clients’ well-being is constantly monitored through reassessments. Home-delivered meal providers are often the first to know if something is wrong with a client when they notice a delivery not being made and are able to take preventive steps to address any problems.

The most important policy shift regarding the status of the FNS category derives from the 2006 reauthorization of Ryan White. In the language of the statute, the Health Resources Services Administration deemed MNT and food that accompanies it to be a core medical service [42]. FNS without MNT remains a support service. There is much flexibility at the level of Eligible Metropolitan Areas (EMAs) and Transitional Grant Areas (TGAs) to decide how each area will allocate FNS in order to spend its Ryan White grant. Many grantees opt to leave the FNS as a support service, but this trend is changing with the advent of the Affordable Care Act (ACA), as will be seen in the case studies below.
13.3 Case Studies
The case studies below examine the delivery of FNS from an operational perspective, highlighting best practices that have evolved over the 30-year history of these services in the HIV/AIDS community. Contributing agencies were started around the country at the height of the pandemic, and they were built on the belief that something as basic as a delivered meal could bring dignity and hope to a desperate situation. After years of caring for PLWH, many FNS providers realized that the severity of the patients’ situations demanded something more than simply delivering food. It required preparing nutritionally tailored meals that supported an individual’s specific medical treatment. From here began the nutrition research that led to meals being customized to each patient’s condition. Each agency’s case study focuses on a specific angle of its services and how it has evolved because of the needs of PLWH and the current health care landscape.
13.3.1 God’s Love We Deliver, Inc. (New York, NY)
[image: image]

God’s Love We Deliver is a leading provider of medically tailored home-delivered meals and nutrition services in New York City (NYC). God’s Love was founded as a nonsectarian food and nutrition nonprofit organization in 1985 in response to the HIV/AIDS pandemic. In 1992, it established a Nutrition Services Department that now supports six Registered Dietitians (RDs), to provide nutrition counseling to clients and to further tailor diets to meet the clients’ specific needs. In 2001, God’s Love expanded its mission to serve people living with over 200+other severe illnesses. This organization supports the families of clients by feeding the children and senior caregivers in the family, and although its services are open to all persons of all ages, 90% of its clients live at or below the federal poverty level, and 61% are over the age of 60 years. PLWH continue to be the largest segment of the clientele (22%), followed closely by those with cancers (18%), cardiovascular disease (14%), Alzheimer disease (10%), chronic kidney failure (9%), multiple sclerosis and other musculoskeletal diseases (8%), pulmonary disease (4%), severe diabetes (4%), and other diseases (10%).

Nutrition is the signature service that distinguishes God’s Love. The RDs design and plan seasonal menus with the Director of Culinary Services, and, together, they work to ensure that God’s Love recipes are responsive to the tastes and dietary restrictions of a client population that is diverse with respect to medical challenges (e.g., allergies and medication interactions) as well as cultural backgrounds (e.g., chicken prepared Caribbean, Moroccan, Spanish, or Texas BBQ style). The mission expansion at God’s Love to serve people with all illnesses has led to its nutritional expertise. Because so many of the clients have multiple comorbidities, what is learned serving one population informs the services for another population.

From the very beginning, God’s Love has remained true to three core principles. Because being hungry and sick is a crisis that demands an urgent response, (1) God’s Love sends new clients their first meal on the next delivery day after they call; (2) no client ever pays for a meal; and (3) there is never a waiting list. This last principle has led to extraordinary growth in the program: 76% in the last 7 years. In the fiscal year 2014, God’s Love cooked and delivered over 1.2 million meals to over 5,000 individuals living with severe and chronic illness in the five boroughs of NYC. In May 2014, the 15 millionth meal was delivered.

With emerging research documenting the relationships among food security, nutrition, and health outcomes, God’s Love plays a vital role in the continuum of care for patients with acute and chronic illnesses and disabilities. In 2005, God’s Love began partnering with Medicaid managed long-term care (MLTC) plans in NYC to deliver medically tailored home-delivered meals to beneficiaries with multiple comorbidities, ADL limitations, and risk factors for possible institutionalization or re-hospitalization, thus creating a Community Partners Program. The program is designed to promote positive health outcomes; to save health care dollars by facilitating access, maintenance and adherence to care; and to keep people in their homes and out of more expensive forms of care such as hospitals or nursing homes.

God’s Love currently subcontracts with 32 MLTC plans in NYC, including Elderplan, Guildnet, Independence Care System, VNS Choice, Senior Health Partners, and others. The food and nutrition benefit became part of the MLTC package through an 1115 Waiver in 1998, and God’s Love is a subcontractor through the MLTC plans. Referrals are at the plans’ discretion, and God’s Love program staff work closely with case managers and social workers to determine who would benefit most from the FNS. A large majority of those served in MLTC are individuals who are dually eligible for Medicare and Medicaid. God’s Love is also involved in the implementation of the demonstration project to integrate the care of dually eligible beneficiaries for New York State (NYS).

In 2005, God’s Love delivered 3,500 meals to MLTC beneficiaries, and in the fiscal year ending June 30, 2014, it delivered 200,000 meals to approximately 1,000 MLTC beneficiaries. The growth in requested services by MLTC plans is a testament to the favorable results, both in health outcomes and cost savings. Given the dramatic increase in MLTC enrollment over the past 2 years through Medicaid Redesign, which was prompted by the ACA, God’s Love expects the number of beneficiaries receiving FNS to increase even more, as health plans rely on this cost-effective benefit to keep their members safe at home. According to the New York State Department of Health, God’s Love is the largest provider of home-delivered meals to the MLTC population in the downstate area.

The meal delivery technology and the nutrition systems that God’s Love has perfected over almost 30 years of service allow extreme flexibility when working within the existing care systems and tailoring of programs to meet the needs of MLTC plans and their members. For example, if a beneficiary is receiving home health aide care for bathing and other ADL limitations, including meal preparation, food and nutrition service providers are often contacted to provide a comprehensive series of meals that align with the dietary needs of the patient for the days the aide is not present. When contacted, God’s Love is able to deliver meals on the days the aide is in the home so that the meals can be properly received and stored in a food-safe manner for consumption on days the aide is not in the home. Plans are able to request meals for up to 7 days a week, and God’s Love will modify the number of meals it delivers according to the clients’ needs and what the plan prescribes.

God’s Love is currently working with NYS to consider expanding the FNS benefit to mainstream Medicaid managed care. In NYS, fee-for-service Medicaid is being dissolved in favor of a move to care management for all, resulting is two basic categories of coverage: (1) MLTC for those receiving over 120 days of community-based care per year, and (2) mainstream Medicaid managed care for all others. During this transition, many specialized waiver populations are being moved into Medicaid managed care along with the fee-for-service benefits that accommodate their unique needs. However, for many of these individuals, some of whom are living with HIV/AIDS and receive care through mainstream Special Needs Plans, there is currently limited to no coverage of FNS. In general, Medicaid managed care plans that cover FNS are limited to certain individuals transferring out of specific fee-for-service programs despite the fact that many new Medicaid managed care beneficiaries have the same medical profiles and health needs as those who are fortunate enough to have been enrolled in plans that provide medically necessary FNS.

God’s Love asked the state, “Ultimately, why wait until people are so sick that they require 120 days of community-based care to provide a benefit that could keep them out of MLTC altogether, saving the state money and improving the lives of the beneficiaries?” To date, the state has issued a memo that allows mainstream plans to provide FNS and bill the provision to their medical budget line. God’s Love continues to advocate strongly at the state level for the benefit’s inclusion. The institution God’s Love believes that embedding this benefit solidly in the benefit structure of NYS will guarantee this life-saving service for vulnerable populations in the future.
13.3.2 Heartland Health Outreach, Inc. (Chicago, IL)
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Heartland Health Outreach, Inc. (HHO) is a community health organization in Chicago, IL, dedicated to delivering high-quality, effective care to vulnerable populations, including those who are homeless, are mentally ill, have addictions, or are coping with multiple chronic illnesses, in order to improve their health and well-being. A federally qualified health center specializing in Health Care for the Homeless, HHO was founded in 1985 and initially provided care through medical outreach on the streets and in the shelters and community settings serving the homeless. Today, HHO has two clinic sites in Chicago and delivers care at more than 50 shelters and community sites in the metropolitan area, serving more than 10,000 people annually. HHO believes that for the complex populations it serves, health care includes medical, dental, and behavioral care, as well as the services that support engagement and retention of the populations in care. The participant-centered health home integrates primary, oral, and behavioral health care; FNS; residential and community housing programs; and case management and care coordination.

FNS are delivered by HHO’s Vital Bridges program. Vital Bridges, formerly an independent AIDS services organization, merged with HHO in 2011. Founded in 1988 as a home-delivered meals program, Vital Bridges became a multi-service organization by acquiring two ASOs in 2002 and integrating case management, housing, mental health services, and FNS. The largest service, by far, was food and nutrition for PLWH. The program continues to provide nutritious food for more than 410,000 meals to 1,300 clients annually through home-delivered meals, grocery center services, and home-delivered groceries via four sites, three in the city and one in the suburbs. In addition, nearly 1,000 nutrition counseling sessions are delivered annually by 4.5 full-time equivalent Registered Dietitians (RDs).

The vast majority of participants are served through the four grocery centers. Grocery services focus on providing high-quality nutrition that is tailored to individual health needs. The focus of the grocery menu, designed by the dietitians, is on the most nutritious and most expensive diet elements: lean protein, fresh fruits and vegetables, low-fat dairy and multigrains. Participants select the grocery items they prefer, shopping either weekly or every other week. To participate in HIV food services, individuals must have incomes under 140% of poverty and have T-cell counts under 400 or have HIV plus other health conditions such as diabetes that are not in control. Over 50% of the client population has at least one additional chronic disease. The demographics of participants are as follows: 75% male; 23% female; 2% unspecified; 66% African American; 17% Caucasian; 16% Latino; 1% other—Asian, Native American. The age breakdown is as follows: 2% age 0–18 years; 27% age 19–46 years; 64% age 47–63 years; 7% over 63 years. All program participants have housing, although housing instability is prevalent.
13.3.2.1 Integration of FNS into Health Care
The Vital Bridges organization merged with HHO for two reasons: (1) With the addition of health care, it would be offering fully integrated services, focused on health outcomes to its clients and decreasing their barriers to care; and (2) with the ACA in motion, the opportunity for nutrition services to become part of the reimbursable health care service mix as both a preventive service and a health intervention increased exponentially. HHO’s belief that health care is both medical care and services that address the social determinants of health made it the optimal fit. From day one of the merger, the focus has been on (1) expanding nutrition services across the organization; (2) improving the quality of food services provided across HHO’s programs; and (3) building the case for FNS to be included in HHO’s capitated rate when contracting with managed care organizations.

The team of RDs now provides individual and group nutrition counseling in the health clinics, at HIV food sites, in the homeless Resource Center, and in the Refugee Health Program. All services are entered into the electronic health record. Patients are referred by the medical provider, the care coordinator, or the case manager. The team also facilitates groups for patients with diabetes and hypertension to support improved disease management. This expansion of nutrition services has brought nutrition front and center in health care provision. However, it remains imperative to demonstrate outcomes such as increased knowledge or behavior change from counseling and to link shifts in nutritional intake directly to improved health outcomes in order to prove the role of food as medicine.

In addition to HIV food services, hot congregate meals are provided in the Resource Center and in residential programs. Dietitians are now guiding menu development, meal preparation, and food purchasing at these sites to improve the quality of nutrition. They also provide education to the staff and participants on all aspects of food service. This is a current year expansion that will impact food quality and likely also prove cost effective.

HHO continues to build the case for inclusion of nutrition services among Medicaid billable services and focus on managed care. Illinois was late to approve Medicaid expansion, and before the expansion, nutrition services were not billable. With the expansion, Cook County created CountyCare, a Managed Care Community Network, to engage the expansion population, and HHO became a network provider. Traditional Medicaid, covering special populations and those with disabilities, is now being delivered through managed care organizations. HHO is currently contracting with these companies as a provider. In all cases, services will be reimbursed on a fee-for-service basis for some time with the intent of transitioning to a capitated rate. During this period, it is critical for HHO to prove that it can contain the health care costs and achieve improved health outcomes for its patient population through integrated care, in order to justify a significantly higher capitated rate when the rate system goes into effect. The HHO capitated rate will factor in support for services that impact the social determinants of health such as food services. The integrated model has already been presented to the major managed care companies as part of the sales and contracting process. Although interested, the companies need data that prove the efficiency and effectiveness of the model in meeting the triple aims of improvement of health outcomes through health care reform; improved patient experience; and reduced investment cost of health care.

13.3.3 Metropolitan Area Neighborhood Nutrition Alliance (MANNA) (Philadelphia, PA)
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13.3.3.1 Organization Overview
At the time the Metropolitan Area Neighborhood Nutrition Alliance (MANNA) was founded in 1990, many individuals with HIV/AIDS were isolated due to social stigma and were often physically too weak to provide for themselves. Members of the First Presbyterian Church in Philadelphia began to address this problem by delivering donated food on a daily basis. As knowledge about HIV increased and people were living longer, MANNA developed disease-specific diet modifications to address the specialized dietary needs generated by co-conditions such as diabetes and chronic kidney disease. Four RDs were brought on staff, and they offered MNT to clients to help them better manage their symptoms and improve the effectiveness of their medication though a proper diet.

In 2006, MANNA expanded its mission in order to provide these critical services to individuals battling any life-threatening illness, regardless of HIV status. And in 2008, MANNA made the strategic decision to further enhance the impact of its services by providing comprehensive nutrition—three meals a day, 7 days a week.

MANNA’s comprehensive nutrition program includes 21 medically appropriate home-delivered meals per week customized to meet each client’s dietary needs along with ongoing MNT provided by RDs to help clients understand their changing nutritional needs and the impact of their eating habits on their health. MANNA’s standard meals are heart-healthy and low in sodium, and modification options include low-potassium, low-fiber, low-lactose, diabetes, no-pork, no-seafood, small-portion, and pureed or soft diets. Last year, MANNA’s chefs and thousands of volunteers helped prepare and deliver 675,310 meals to 1,864 clients, and MANNA’s RDs provided 2,421 counseling sessions to 1,751 clients. The top three diseases that qualified a person for the meal program were cancer (42%), renal disease (24%), and HIV/AIDS (15%).

Demographically, 63% of the clients were African American, 27% Caucasian, 5% Hispanic, and 5% Asian or other ethnicities; 41% were male and 59% were female. MANNA serves a broad age range: 5% of the clients are 0–17 years of age, 55% are between the ages of 18 and 64 years, and 40% are 65 or older.

13.3.3.2 Case Study/Commentary
Clients on the meal program are initially assessed by a physician, dietitian, or other health care provider and determined to be at acute nutritional risk through indicators such as low albumin levels, low muscle mass, wounds that will not heal, severe loss of appetite, inability or limited ability of the body to absorb nutrients, anemia, abnormal weight loss, or all of these indicators. Because the meal delivery service is available to clients only during a period of acute nutritional risk, MANNA aims to ensure that clients develop a complete understanding of how to manage their disease through proper nutrition in the long term. Each client is first enrolled in the program for a period of 6 months, after which they are reassessed to determine improvement in nutritional health and quality of life indicators in order to track program impact. Because of limited funding sources and increased demand, the recertification process is critical to evaluating success and ensures that nutritionally stable clients are cycled off the program so others in need can receive services.

As part of the recertification process, MANNA keeps track of the clients’ quality of life outcomes. Last year, 100% of recertified clients experienced improved health as indicated by one or more specific measurable outcomes, including increased number of meals eaten per day; maintained or improved fatigue levels; maintained or improved emotional health or coping skills; increased understanding of healthy food choices; decreased stress around preparation of healthy foods; and improvement of overall health. Ninety-three percent of clients reported improvement in all outcome categories.

This was not always the case. Prior to 2008, MANNA only provided 10–15 meals per week for clients on the meal program. This supplemental nutrition, although helpful, did not have the same impact that the current comprehensive nutrition model has shown. An average of 60–70% of clients receiving supplemental nutrition services reported improved quality of life outcomes after 6 months. Although MANNA is justifiably proud of these outcomes, it was also felt its services could improve and expand. So, in August 2008, it began providing 21 meals a week to all of its clients. When MANNA expanded, the percentage of clients reporting improved wellness and quality of life increased substantially and continues to improve (Figure 13.1).

[image: image]
Figure 13.1 Client Survey Results Year-over-year.
The expansion of MANNA’s services led to a pilot research study, the results of which were published in the peer-reviewed Journal of Primary Care and Community Health in 2013. This research found that the clients’ average monthly health care costs decreased by 62% over the first 3 months and dropped by 80% for PLWHA. MANNA’s clients’ hospitalizations were also cut in half. When MANNA’s clients did go to the hospital, their improved nutritional status cut their length of stay by 37%, and they were 20% more likely to be discharged from hospital to their homes rather than to a health care facility. MANNA is working to increase awareness of these findings to leverage the demonstrated cost savings into sustainable funding well into the future.

Over its 24-year history, MANNA has tested and shaped its meal provision model to best meet its clients’ needs and promote improvement in health and wellness. MANNA gained a deeper understanding of the importance of utilizing a validated tool to regularly measure the outcomes. A community-based research grant was received from Drexel University, which will fund a pilot project to test a nationally validated outcomes tool within the context of MANNA’s programs. Adapting this tool to meet MANNA’s needs will enable measurement of results against national standards, further demonstrating the impact of the organization’s services.

Through the implementation of outcome-tracking standards and a published research study, MANNA has shown that the adverse effects of malnourishment on people with chronic and severe illnesses can be alleviated through proper nutrition in conjunction with nutritional counseling by dietitians and medical treatment by physicians. MANNA believes that the cost savings and improved outcomes that accompany FNS will help establish a reimbursable role in the evolving health care reform landscape. MANNA is positioning itself to work on collaborative projects with academic institutions, health care systems, and private insurers to further demonstrate this impact, leveraging this research to achieve recognition of its services as an integral component of managing covered lives.

13.3.4 Community Servings (Boston, MA)
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Community Servings is a not-for-profit food and nutrition program that provides services throughout Massachusetts to individuals and families living with critical and chronic illnesses. It provides clients, their dependent families, and caregivers with appealing, nutritious meals and sends the message to those in greatest need that someone cares. Its goals are to help clients maintain their health and dignity and preserve the integrity of their families through culturally appropriate home-delivered meals, nutrition education, and other community programs.

Community Servings was founded in 1990 to provide home-delivered meals to 30 individuals living with HIV/AIDS in Boston. The organization has since evolved to feed clients in 18 communities across Massachusetts, whatever may be their illnesses—delivering over 5.6 million meals overall.

Currently, Community Servings delivers 450,000 meals to 1,500 clients and their families each year. In addition to HIV, its clients are battling cancer, cardiac disease, renal disease, multiple sclerosis, and other illnesses—typically suffering from a primary disease with multiple comorbidities.

As of 2014, the gender breakdown of the clients of Community Servings is roughly half male and half female, and less than 1% of clients are transgendered. Of its clients, 93% live in poverty, and 11% are 18 years old or younger. Of the 1,500 people served in 2014, 1,013 are clients with life-threatening illnesses (68%), and 487 (32%) are dependents and caregivers. Of Community Servings clients, 56% are from racial and ethnic minorities: 34% are African American, 38% are White, and 16% are Latino. The remainder of the client base comprises primarily African, Asian/Asian American, Cape Verdean, and Haitian.

During the early stages of its work, before HAART became available, often the cause of death among clients of Community Servings was wasting syndrome caused by AIDS, rather than the disease itself. With deep roots in the food and restaurant industries, the founders believed that when people were fed, they could overcome wasting and survive the illness until medications became available. The goal at this stage was to provide high-calorie, visually appealing, delicious meals that would be enticing enough to motivate the clients to eat, even as they faced deep-seated depression and fears about their survival. A meal would typically include plenty of cream, butter, carbohydrates, and protein, topped off with a rich dessert.

During this period, Community Servings provided hot meals, which were delivered daily to clients living with HIV/AIDS and their families. The meals were funded by the Ryan White HIV/AIDS program. Over the past 20 years, the home-delivered meals program went from being considered a “support” service to a “core medical” service under the Ryan White program, and Community Servings is now one of the largest recipients of Ryan White funds within the Boston EMA.

Community Servings began its geographic expansion in the year 2000 when low-income clients were migrating out of Boston because the rents in the city were becoming prohibitive. The need to expand geographically hit home when it was learned that frail clients were traveling long distances on public transportation to pick up their meals. It was around the time of the geographic expansion that Community Servings abandoned the comforting notion of providing hot home-delivered meals, to provide 1 week’s worth of safe chilled and flash-frozen meals, delivered once a week.

As medications for HIV became more effective and widely available, clients were living longer, and some were able to return to work and resume their ADLs. Given the limited resources, in 2003, Community Servings developed a tool to reassess clients’ medical and mobility issues to qualify for home-delivered meals. With input from clients, referral partners, and Ryan White program funders, Community Servings developed a process in which clients would be recertified for its program once a year. The eligibility criteria are similar to those developed by the Visiting Nurse Association—measuring issues of medical severity and capacity for mobility. The process ensures that the meals are a well-considered short-term intervention for individuals at the critical stage of illness, who are unable to shop or cook for themselves and lack the social or financial supports to secure the food they need to survive. Along with this transition, Community Servings began to also provide nutrition counseling and education to its clients so that they could prepare nutritious meals for themselves and their families independently of the meals program.

With the widespread availability of effective medications longer survival, clients began developing chronic diseases such as diabetes, heart disease, kidney disease, and cancer that are also seen in the general population. HIV itself may contribute to increased risk for many of these illnesses. For example, HIV may affect the functioning of the kidneys in HIV-associated nephropathy. Similarly, people with HIV are at higher risk than the general population for developing certain cancers, including Kaposi sarcoma and non-Hodgkin lymphomas.

During the period from 1998 to 2002, the meals program became more sophisticated to address the complex medical and nutritional requirements of clients with HIV. The provision of snacks and nausea care packages evolved with the medications, as some medications, for example, Crixivan, should be taken with a very light snack such as dry cereal or toast. Certain HIV medications may alter metabolic functioning, for example, by increasing risk for insulin resistance and type 2 diabetes. Clients with HIV typically have increased daily requirements for protein and calories to maintain lean body mass. Community Servings developed more nutritious versions of “comfort foods” to accommodate these needs—for example, whole wheat spaghetti and meatballs, protein-packed tofu lasagna, and hearty soups with added wheat germ. Some clients experience significant unintentional weight loss due to poor appetite or inability to meet their high calorie needs. These clients are offered an application for Ensure protein supplements, which is then completed and submitted by their health care provider.

Any complication of HIV that requires a special diet is addressed by the provision of Nutrition Services, which include an individual meal plan. For example, someone with HIV-associated advanced kidney disease may require a renal diet.

As this expertise in providing customized food and nutrition counseling and education for disease management was developed, Community Servings expanded its mission in 2004 to serve individuals with other critical illnesses such as diabetes, cancer, and renal disease. It now offers 25 different medically tailored menus, with three different variations within these menus. This is the only program in New England that can accommodate, for example, a renal, low-lactose, diabetes diet. For clients who are not eligible for the Ryan White program, costs of meals are reimbursed by foundation grants, philanthropy, and, most recently, health insurance.

In January, Community Servings secured its first health insurance contracts to provide medically tailored home-delivered meals to individuals covered by both Medicaid and Medicare and are enrolled in a demonstration project in Massachusetts. Community Servings is now feeding 100 individuals through this program. The belief is that one of the important outcomes of the HIV tragedy may be the integration of medically tailored meals into heath care for the critically ill—a disproportionate number of whom are low-income Americans.

13.3.5 Moveable Feast (Baltimore, MD)
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For 25 years, Moveable Feast has served high-quality, nutritious, medically tailored meals to people who are seriously ill, are in low-income groups, and are either physically unable to shop or cook for themselves or live in “food deserts,” where healthy foods are unavailable or unaffordable.

For Moveable Feast clients, these meals equal medicine. Founded in 1989 as a response to the HIV/AIDS crisis, in 2000, Moveable Feast began serving individuals with other life-threatening illnesses besides HIV/AIDS. The meal service of Moveable Feast includes home-delivered meals, five servings of fresh fruits and vegetables, and a staple bag of foods at the end of each month equal to 12 meals. Moveable Feast operates on a medical referral model for accepting clients into service and has over 200 referring agents through hospitals, federally qualified health centers, community physicians, community health centers, local health Departments, and so on. Three Registered Dietitians (RDs) provide nutrition counseling sessions for clients.

In 2013, Moveable Feast provided 703,000 meals to 3,637 households in Baltimore City; the counties of Baltimore, Howard, Carroll, Anne Arundel, Harford; and the nine counties of Maryland’s Eastern Shore. Of clients served, 49% are individuals with HIV/AIDS, 51% have other life-threatening illnesses (cancer, cardiovascular disease, diabetes, renal disease, etc.). African Americans comprised 67%, Caucasians 27%, Latino 5%, and other race/ethnicities 2% of the total individuals served in 2013. Children (<16 years) represent 20% of the individuals served, and the population served is 51% male and 49% female.

The recession that began in Fall 2008 forced Moveable Feast to think seriously about how to diversify the organization’s funding streams. In 2010, the staff of Moveable Feast attended a workshop on services delivered through Maryland’s 1915(c) Living at Home Medicaid Waiver and Older Adults waiver that allowed beneficiaries who qualified for waiver services to receive, among other services, nutritional counseling and home-delivered meals. At the time, the state had only contracted with two meal providers. Following the workshop, Moveable Feast connected with the administrator of the Medicaid waiver program to obtain more information about waiver requirements with respect to food and how the billing process worked.

Receiving reimbursement through Medicaid would be the first time that Moveable Feast had charged any entity for individual meals. Previously, the organization prided itself on providing all services for free, supporting itself through Ryan White program funds, grant funds, and philanthropic donations. Seeking reimbursement from Medicaid prompted some soul-searching and philosophical discussion about how well this new endeavor would fit within Moveable Feast’s core mission. Ultimately, the organization decided to move forward, with the awareness that while it might seek reimbursement from government funding sources, individual clients would never be charged for meals. For those who qualified, healthy, nutritious food would always be provided for free.

Moveable Feast filed an application with the State and became the third approved vendor with Medicaid waiver for home-delivered meals in Maryland. A third-party contractor for the state of Maryland manages the client base of the waiver program, informing clients of the services available to them and the options for providers of that service. The state pays each vendor the same rate per day, with each waiver beneficiary eligible to receive a maximum of 14 meals per week. The qualifying organization was issued a Medicaid billing number, which it entered into a relatively straightforward online system to be reimbursed for the meals it served to waiver clients.

Moveable Feast, which served its non-waiver clients 12–18 meals per week plus a monthly bag of groceries and fresh fruits and vegetables, made a strategic choice to ease the administrative burden associated with serving waiver clients. It was realized that the level of state reimbursement was sufficient to allow Moveable Feast to serve waiver clients up to 14 meals per week and include them in the grocery and fresh produce distribution portion of the program as well. This approach offered numerous benefits: It provided waiver clients with healthier, more nutritious food; it reduced the administrative burden on Moveable Feast staff by not creating multiple programs; and it offered Moveable Feast a competitive advantage compared with other state-approved waiver food vendors (which do not provide fresh fruits and vegetables).

The waiver program has grown quickly from 10 clients and 175 meals in 2011 to 30 clients and over 8,000 meals in 2014. Although referrals for PLWH through the waiver program have been relatively low (about two per year), the policy implications for the future of the Ryan White program are manifold. Food and nutrition services is a type of structural intervention. Thus, the RW serves as another vehicle for the coverage of FNS…etc.


Moveable Feast recognized that research demonstrating the impact of its services would be vital to expanding and seeking new opportunities to tap into health insurance funding streams. Moveable Feast sought to develop a research project through its connection with Johns Hopkins, one of its primary referral sources. In 2014, Moveable Feast started to work with researchers at the Johns Hopkins Bloomberg School of Public Health to draft a white paper on the relationship between the provision of healthy food and clients’ quality of life. The paper would be based on information gleaned from Moveable Feast’s client case files and interviews with clients’ case managers. Prior to establishing the research partnership with Johns Hopkins, Moveable Feast had tried unsuccessfully to submit its research proposal to the school for a number of years. With regard to research, advocacy, and creating relationships with key people—from researchers to legislators—Moveable Feast maintained a persistent and patient attitude, with the awareness that these things take time.

To stay informed about opportunities that might help Moveable Feast diversify its funding streams even further, its staff participate in multiple state-based and nationwide coalitions. Moveable Feast also has on its staff a food and advocacy specialist, who monitors changes in health care and food policy. Within the state, Moveable Feast stays connected to organizations focused on increasing access to healthy food, including Maryland Hunger Solutions and the Maryland Food and Nutrition Network.

Moveable Feast credits its success in taking advantage of new opportunities to its high profile and good reputation in Maryland. The state is a major funder for the organization, and Moveable Feast was able to advocate recently for an increase in state funding from $240,000 per year to almost $400,000. In conversations with legislators, Moveable Feast hones it message, demonstrating its intimate knowledge of populations in Maryland with a high need and including powerful anecdotes about the impact of Moveable Feast’s services on clients’ well-being. The organization also stays connected to its legislative champions, sending them information periodically and thanking them for continued support.
13.3.6 Project Open Hand (San Francisco, CA)
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Founded in 1985, Project Open Hand has a mission to nourish and engage its community by providing “meals with love” to the sick and the elderly. Every day, 2,500 nutritious meals are prepared and 200 bags of healthy groceries provided to help sustain clients as they battle serious illnesses, isolation, or the health challenges of old age. Registered Dietitians (RDs) at Project Open Hand support and counsel clients to help them feel better by eating right. Project Open Hand serves the San Francisco and Alameda counties, engaging more than 125 volunteers every day to nourish the members of this community.

Project Open Hand was founded by Ruth Brinker, a San Francisco grandmother and retired food-service worker. In the early days of the AIDS epidemic, Ruth saw a close friend with AIDS suffering from malnutrition, and she knew what needed to be done—feed her neighbors.

Ruth’s vision of “meals with love” is still alive and is the motivating force behind everything that is done at Project Open Hand. The organization continues to serve PLWH and has expanded to feed seniors and people fighting cancer, heart disease, diabetes, and many other serious illnesses.

In the fiscal year 2013–2014, Project Open Hand delivered 632,059 meals. There were 58,269 visits made to its Grocery Centers. On such visits, some clients opt to take everything that is offered, which can fill three to four bags per visit, and some others take just high-cost items such as milk, eggs, and cheese, filling only one bag. In 2013, 8,422 individuals received Project Open Hand services; 4,646 were Senior Lunch Program clients, and 3,776 were Wellness Program clients, of which 2,894 (or 77%) were PLWH.
13.3.6.1 Project Open Hand’s Wellness Programs
Project Open Hand offers different service options to our clients who are living with critical illnesses, including HIV infection. Most clients are eligible for one service, equivalent to one meal per day, as well as nutritional counseling and education from RDs and case workers. Clients who have more severe symptoms (about 20% of clients with HIV) are eligible for both meals and groceries.

Groceries: Eighty percent of Project Open Hand’s clients with HIV utilized this service in the last fiscal year. Clients can shop once a week, receiving healthy groceries equivalent to approximately one third of their nutritional needs. The Grocery Centers offer fresh produce, dairy, eggs, and proteins, with a focus on whole, unprocessed foods.

Meals: Project Open Hand offers four varieties of meals: bland, low-fat/non-dairy, vegetarian, and regular. For clients who have difficulty chewing and swallowing, mechanically soft meals are offered. Meals are received by Wellness clients in the following ways:
[image: ent] Hot meals, home-delivered daily: utilized by 10% of clients with HIV
[image: ent] Hot meals, picked-up daily in the Grocery Centers: utilized by 3% of clients with HIV

[image: ent] Frozen 7-pack meals, home-delivered weekly: utilized by 12% of clients with HIV
[image: ent] Frozen 7-pack meals, picked up weekly: utilized by 54% of clients with HIV

Note: These figures add up to more than 100%, since an individual client may use different services at different times.

Among clients living with HIV, more than 80% come to the Grocery Centers to pick up either meals or groceries. While at Project Open Hand, they have the opportunity to engage with their peers, interact with staff and volunteers, and access community resources. Further, they have the opportunity to overcome the isolation that so often accompanies serious illness.

Although providing food and nutrition to clients is vital, the personal, human relationships and engagements fostered among them are very important as well. A deep engagement with clients enhances their emotional well-being, which contributes to better health.

Many Project Open Hand clients face multiple life difficulties, HIV being but one. The Grocery Centers are warm and welcoming community hubs, where clients are given the nutrition they need as well as access to high-quality resources that can improve their quality of life. Experts and community resources, including legal and career counseling, health care enrollment and housing assistance, are available on site, so when clients come daily or weekly to pick up food, they can access the supports they need more easily. Ready availability of support can help reduce stress in clients.

Anecdotally, the clients of Project Open Hand report that the nutrition and services they receive have helped them adhere to their medical treatment and drug regimen. Because annual certification by a health care professional is a requirement for receiving the services of Project Open Hand, clients are also more likely to remain under the care of their physicians.

By offering multiple services and community resources, along with nutrition at the Grocery Centers, Project Open Hand aims to help transform the lives of its clients from “living with disease” to “striving for wellness.”

The evolution of Project Open Hand’s services from only home-delivered meals to PLWH to the wide variety of meals offered currently was driven, in a large part, by the advances in medical treatment for HIV over the last 20 years. Whereas the first few years of operations focused on providing protein-rich, high calorie home-delivered meals to PLWH to combat wasting syndrome, the meals provided today are much more nutritionally balanced. A variety of meal types—low-sodium, low-fat/non-dairy, and vegetarian—are offered to support treatment of the health challenges faced by clients with HIV, as they live longer lives and become prone to chronic illnesses.


Over the years, it has been realized at Project Open Hand that food choices are heavily influenced by financial means, family traditions, culture, and, most of all, personal tastes and preferences. The multiple food service programs—home delivery (daily hot, weekly frozen), meal pickup (daily hot, weekly frozen), weekly groceries, and senior lunch program—offer clients options that enable them to engage more fully with Project Open Hand and utilize its “food as medicine” services. By giving clients a variety of service choices, the aim is to maximize their use of the services as an important support for their medical treatment.
13.4 Implications for Health Care Policy

13.4.1 Nutrition at the Crossroads of the Ryan White Program and the ACA
Given the strong research and practice evidence in support of the need and benefits of medically informed FNS, it is surprising that when the ACA was passed in 2010, it contained no comprehensive coverage of medically tailored food for any population with severe diseases. From a policy perspective, the specific combination of a prescribed diet and the foods that fulfill it is not integral to any program in either the Department of Agriculture (hunger-related issues) or the Department for Health and Human Services (health care issues). This lack of attention persists despite explicit recommendations made by the World Health Organization and the UNAIDS that integrating food and nutritional support are necessary for a comprehensive response to the global HIV epidemic in high-resource as well as under-resourced settings.

This is a major concern, since the expansion of insurance coverage provided through the ACA has been proposed as a rationale for discontinuing the Ryan White program as a funding stream designed specifically for people with HIV. The major components of the ACA—the prohibition on using a pre-existing condition to set rates for insurance coverage, the genesis of the low-cost, private Qualified Health Plans (QHPs) on health care exchanges, and the expansion of Medicaid coverage at the state level—have lead some policy makers to fail to see the necessity for the Ryan White program for medical coverage for PLWH. This is a short-sighted view.

Medicaid and private insurance provided through the exchanges do not provide the wrap-around social supports that help achieve lower health care costs and positive health outcomes for PLWH. Medicaid does not cover immigrants (except in certain states). Furthermore, only a little more than half the states in the nation have opted to expand Medicaid, and much has been written on what that failure will mean for the health of PLWH in those states [43].


To achieve a more coordinated national response to the HIV epidemic in the quest to reduce health care spending nationwide, FNS must be included in all health care reform efforts, including the Ryan White Treatment Modernization Act and the ACA. The Ryan White program remains crucial in the prevention and treatment of HIV/AIDS, even with some integration of FNS in the ACA through Medicaid. There remains a tremendous variation by state in the coverage of food and nutrition outside of the Ryan White program. Even with some progress on coverage of medically tailored home-delivered meals within the ACA and state Medicaid Expansion, funding for key services such as pantry bags and congregate programs that also support care and treatment will be more difficult to secure.

Politically, we are in a “wait and see” moment when it comes to Ryan White legislation. Although the Ryan White program was up for reauthorization in September 2013, there is no sunset clause; thus, it continues to operate despite Congress waiting to examine the utility of the program given changes in the larger fiscal environment and health system reforms. Most AIDS services organizations and advocates applaud the wisdom of this idea, with the awareness that time is needed to see how the new programs of the ACA will change coverage for PLWH and where the Ryan White program needs to fill gaps in service. The Ryan White program remains the last-resort payer.

In the meantime, as mentioned previously, FNS can be both a core medical and a support service, and Planning Councils in EMAs and TGAs can opt to shift FNS to the core medical category. This shift will help EMAs and TGAs to spend fewer core medical dollars in anticipation of much of the medical care for PLWH being covered by QHPs and Medicaid. Advocates would do well to make local HIV Planning Councils aware of this fact.

Jeffrey Crowley, the Program Director of the National HIV/AIDS Initiative at the O’Neill Institute for National and Global Health Law at Georgetown University and former Director of the White House Office of National AIDS Policy, who was responsible for the crafting of the first National HIV/AIDS Strategy, wrote an insightful brief on updating ASOs for the new era of health care reform [44]. He focused heavily on integrating HIV care expertise into the mainstream health care system, an area where food and nutrition providers are consistently performing well. FNS providers are improving collaboration by forming new partnerships between medical and support service providers, increasing accountability by participating in innovative pay-for-performance models, and fostering innovation by evaluating their models of care through careful research.

FNS agencies have regularly asserted that without expanding the provision of support services to other vulnerable populations with diseases, as modeled by the Ryan White program for PLWH, the country will not be able to achieve its national health care goals of reducing health care costs and improving health outcomes and patient satisfaction. Although FNS were not incorporated into the care continuum through the ACA, food and nutrition providers have been able to leverage ACA incentives for medical outcome requirements and Medicaid expansion requirements to expand services for PLWH and other critical illnesses at the state level. For better or worse, innovation still rests at the state level.

Innovation can be seen from the six case studies presented in this chapter. God’s Love We Deliver in NYC was able to facilitate coverage through an 1115 waiver and subsequent advocacy to include FNS through a state plan amendment. HHO in Chicago, Illinois has partnered with an accountable care organization, through which its FNS are covered. MANNA is currently in talks with managed care organizations (MCOs) in the Philadelphia area, which have been impressed by MANNA’s program evaluation results and want to work together to achieve cost savings. Community Servings in Boston, MA is contracting with health care plans through the demonstration project to integrate care for dually eligible individuals. Moveable Feast in Baltimore, MD is reimbursed for meals through Maryland’s 1915(c) Living at Home Medicaid Waiver and Older Adults Waiver. Project Open Hand in San Francisco, CA, like MANNA, is in talks with local Medicaid MCOs in order to partner for services.

Nearly every state has a 1915(c) Waiver for Home and Community Based Services for specific populations, most of which contain coverage of FNS for discrete populations. If a state is expanding Medicaid, advocates should speak with key decision makers to take advantage of new ACA programs to include FNS. Advocates in non-expansion states should work in coalition with other service providers in advocating for expansion.

Future advocacy for coverage of FNS at the federal level for people living with chronic diseases should be thought of as a dual track—a push for continued coverage for PLWH through the Ryan White program, and coverage for PLWH and other diseases through the ACA. Especially in non-expansion states, it is critical for clients and their health that the Ryan White FNS program be kept strong, as without it, vital FNS are not likely to be provided to them.

At the federal level, advocates must focus on educating lawmakers about the health benefits and cost savings associated with the provision of FNS and the importance of the care completion services that the Ryan White program provides for PLWH. Nationally, the Centers for Medicare and Medicaid, in partnership with Congress, could choose to cover FNS for people with chronic diseases through a modification of the Medicaid statute, mandating the benefit for specific populations. Through the ACA, Congress also created the Essential Health Benefits (EHBs), standardizing a floor of coverage in 10 benefits categories which control what QHPs in the health care exchanges, as well as what Medicaid programs at the state level must provide their beneficiaries. FNS fit best in the preventive and wellness services and chronic disease management category. In 2012, the decision about this floor of coverage was handed to the states, and FNS were not included in any state. In 2016, the Department of Health and Human Services will reconsider the contents of the EHBs and could mandate coverage of FNS. This decision calls for concerted advocacy to educate lawmakers about the efficacy of FNS in accomplishing the triple aim.
13.4.2 Preparing Organizations to Pursue the New Opportunities
The big question for most AIDS services organizations (ASOs) when it comes to pursuing new opportunities in health care reform is: Why do it?

New partnerships in health care allow agencies to expand current program offerings, serve clients they already serve with new dollars, leaving other funding (such as from the Ryan White program) for more people in need. Partnerships mean securing a new revenue stream and hedging against the loss of revenue from the Ryan White program as the health care landscape shifts. Positioning the ASO as part of health care reform at city and state levels will be crucial as new opportunities present themselves when national health care reform is revisited and refined. Finally, and perhaps most importantly, partnerships in new health care models allow ASOs to achieve their missions even as the “old way” of doing business changes.

The new health care delivery model may necessitate that ASOs change, grow or go. Changing and growing may entail serving a new population, an expanded population, or a mixed population. It may involve figuring out a new fee structure to accept third-party payments. Changing may necessitate considering whether a program will offer the same services to all clients or whether it will be tailored to meet different contractors’ needs. Programs will need to consider whether their billing structures must change and how these new structures will align with the mission of the organization. Growing may necessitate different client tracking and billing systems. Staffing needs may also drive decisions, as increased services and new functions demand diverse expertise. Finally, communicating the change and growth to internal (board, staff, volunteers) and external (donors, funders, public) constituencies may be a challenge. If an ASO feels that it cannot expand to meet the demands of the new care continuum, it may be best if the organization closes responsibly, making sure clients are transitioned to services offered by other providers.
13.5 Conclusion
In this chapter, we have presented research that shows the power of FNS to help PLWH stay healthy and achieve viral suppression. Through case studies, we have shown this power in practice and how FNS agencies are leveraging their core competency, through the various programs of the ACA, to expand services for PLHW and people living with other chronic and life-threatening diseases. We have also discussed the dual track that health care policy must take, supporting FNS both through the Ryan White program and the ACA, to achieve the national goals of lowering health care costs, improving health outcomes, and achieving patient satisfaction. Through a combination of local and federal education and advocacy, we look forward to the innovation that the future will bring.
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Chapter 14
Nutritional Status and CD4 Cell Counts in Patients with HIV/AIDS Receiving Antiretroviral Therapy
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Human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) is associated with a high risk of malnutrition caused by mechanisms that include opportunistic infections, drug therapy, psychosocial factors, inadequate dietary intake, and nutrient loss through reduction of digestive and absorptive capacity and through metabolic changes. With the advent of highly active antiretroviral therapy (HAART), individuals with HIV have shown significant improvement in nutritional status, as a result of marked improvement in immune function mainly through an increase in CD4 cell counts. Dietary treatment should consider CD4 cell counts and metabolic changes in these individuals and should be planned individually, based on biochemical, anthropometric, social, religious, and economic clinical parameters.
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14.1 Nutritional Status in Patients with HIV/AIDS
A healthy diet is one of the determinants for quality of life, as it has an impact on physical and mental well-being, emotional balance, and prevention and treatment of diseases. This applies especially to people living with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS), and their diet must be balanced and tailored to the needs of each individual, contributing to a satisfactory nutritional status, improving the levels of CD4 T-cell counts, and reducing the adverse effects of the disease and its treatment.

HIV infection is associated with a high risk of malnutrition caused by mechanisms that include opportunistic infections, drug therapy, psychosocial factors, inadequate dietary intake, and nutrient loss through the reduction of digestive and absorptive capacity, as well as through metabolic changes and increased nutritional requirements. Weight loss is a common finding, occurring in approximately 95–100% of patients with AIDS, especially in the later stages of the disease. Malnutrition, identified by anthropometry, is associated with anemia and low albumin levels and CD4 cell counts [1,2] and has been shown to be an important predictor of disease progression. The effects of malnutrition contribute to a poorer quality of life, increased morbidity, and premature death among these people. The World Health Organization recommends following the nutritional part of control programs and treatments for people living with HIV/AIDS. Even with all therapeutic advances, food insecurity is a major problem for people living with HIV/AIDS and is associated with a low educational level and a low social level [2,3]. Wasting syndrome, characterized by significant loss of fat mass and muscle mass, is associated with rapid disease progression and increased morbidity. The overproduction of proinflammatory cytokines such as tumor necrosis factor alpha (TNF-α) and insulin-like growth factor 1 (IGF-1) and endocrine dysfunction are identified upon the occurrence of this syndrome [4].

Even with antiretroviral therapy (ART), wasting syndrome is still commonly encountered, affecting up to 75%, including the 5% with unintentional loss of weight [3]. Mangili et al. [5] showed a 38% incidence of wasting syndrome in people who received ART.
14.2 Metabolic Consequences of Antiretroviral Therapy
The introduction of highly active antiretroviral therapy (HAART) as a treatment protocol for HIV/AIDS has changed the course of this infection and the clinical characteristics of these patients. Adherence to HAART significantly decreases the mortality rate among patients with HIV/AIDS, with a reduction in opportunistic infections and the disease taking on a chronic character. Improvements in the life expectancy of individuals on ART are accompanied by significant metabolic changes that may compromise the quality of life in these patients in the medium and long term [6–8]. When metabolic disorders are closely monitored and nutritional interventions are adopted early in the course of ART, its deleterious effects are minimized, and patients experience longevity and a better quality life.

The main metabolic changes consequent to ART were described by Carr et al. [9] who characterized them as HIV lipodystrophy syndrome, consisting of hypertrophy of dorsocervical fat (also known as buffalo hump); fat deposition in the abdominal area; increase in waist measurement; increase in breast size; lipoatrophy of the face, buttocks, and limbs; and prominent superficial veins of the extremities. These physical characteristics resulting from alterations in lipid and glucose metabolism have replaced the old image of a person with HIV being malnourished and weak.

14.2.1 Impact of HAART About Cardiovascular Health
With longer survival of patients with HIV, cardiovascular problems became increasingly apparent; these manifestations, however, cannot be attributed solely to the use of ART because even as early as 1989, before the introduction of HAART, Grunfeld et al. [10] described changes in the lipid profile of patients who were HIV positive.

Although it is not the sole cause, the use of HAART, particularly protease inhibitors (PIs), has been shown to have a close association with the development of cardiovascular risk factors. A large prospective multicenter observational study, Data Collection on Adverse Events on anti-HIV Drugs (D:A:D), which was a collaboration among 11 centers in Europe, Australia, and the United States and contained approximately 30,000 participants, showed an association between the use of some antiretrovirals and adverse cardiovascular outcomes such as myocardial infarction [11].

Antiretroviral drugs of different classes and even those of the same class cause distinct changes in the lipid profile of patients with HIV. PIs, particularly indinavir and lopinavir, are commonly associated with hypercholesterolemia, low levels of low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and hypertriglyceridemia. The PI atazanavir, in particular, is associated with minor changes in lipid profile. Some nucleoside reverse transcriptase inhibitors (NRTIs, e.g., didanosine, stavudine, and zidovudine) are associated with lipoatrophy and hypertriglyceridemia, whereas abacavir increases the risk of cardiovascular disease (CVD) even in the absence of dyslipidemias; the use of tenofovir results in lower levels of cholesterol and triglycerides. Although non-nucleoside reverse transcriptase inhibitors (NNRTIs) are predictors of hypertriglyceridemia and hypercholesterolemia, nevirapine was particularly associated with high levels of HDL-C, which is a protective factor against CVDs [12].

The set of changes in the lipid profile, which the person with HIV on ART is susceptible to, is called lipodystrophy syndrome (SLHIV), a disorder of lipid metabolism characterized by high serum levels of total cholesterol, triglycerides, LDL, very-low-density lipoprotein (VLDL-C), and apolipoprotein B (apoB) and decreased levels of HDL-C, which represents a high atherogenic potential [13,14]. These changes in lipid profile are accompanied by insulin resistance (IR), abdominal and visceral obesity and cervical fat accumulation (“buffalo hump”), and disturbances of bone metabolism and lactic acidosis [15–17].

The mechanisms by which antiretrovirals alter the lipid metabolism are not yet fully elucidated due to the complex interactions among genetic, environmental, and pharmacologic factors. Levels of proinflammatory cytokines, interleukin-6 (IL-6) and TNF-α are elevated in individuals on ART who develop lipodystrophy, and this change in the cytokine profile is related to increased plasma levels of total cholesterol, triglycerides, apoB, and the apoB higher-to-apoA1 ratio [18].

PIs inhibit lipogenesis in adipocytes differentiation and stimulate lipolysis of subcutaneous fat. NRTIs can also reduce lipogenesis and differentiation of adipocytes, and the subcutaneous tissue could be a possible cause of mitochondrial toxicity by inhibiting the mitochondrial deoxyribonucleic acid (DNA) polymerases, leading to their depletion. Furthermore, antiretroviral drugs increase the central and visceral fat levels of fatty acids in blood with increased fatty acid oxidation [19,20].

PIs appear to bind to LDL receptor-related protein (LRP), reducing the cleavage of fatty acids from circulating triglycerides by the LRP-lipoprotein lipase complex on vascular endothelium, and impairing the uptake of remnant hepatic chylomicrons and VLDL [9,20].

Risk factors for SLHIV include exposure to stavudine and to a lesser degree to PIs, age, low CD4 count, high viral load, duration of HAART, white race, and female gender. Lipid abnormalities are frequently associated with the use of antiretroviral drugs and are more related to the use of ritonavir, efavirenz, and stavudine [21,22].
14.2.2 HAART, Nutritional Status, and CD4 T-Cell Count
The debilitated immune response in patients with HIV is directly related to nutritional status. HIV stimulates the production of cytokines such as TNF-α, IL-6, IL-10, TNF-γ, and target cells in lymphoid tissues, which paradoxically helps in the establishment and spread of HIV [23]. With infection and CD4 T-lymphocyte depletion, immune competence is substantially reduced. The person becomes susceptible to opportunistic infections that occur with fever, anorexia, and all other metabolic consequences of the inflammatory process. Increasing basal metabolic rate and decreasing appetite result in weight loss, especially with depletion of lean body mass, leaving the patient more susceptible to opportunistic infections [24].

With the advent of HAART, individuals with HIV have shown a significant improvement in nutritional status following marked improvement in immune function, which is mainly due to an increase in the of CD4 cell counts. The metabolic consequences of ART have resulted in the new and distinct nutritional profile of those with HIV, with changes in lipids and glucose and redistribution of body fat metabolism, features that characterize HIV lipodystrophy syndrome. Kruzich et al. [25] reported that the prevalence of overweight and obesity is directly proportional to the CD4 count. It is noteworthy that even in the era of HAART, there is a considerable number of people with HIV who have malnutrition and, especially, loss of lean body mass [1,2].

Body mass index (BMI), an inexpensive, fast, and simple measure, is commonly used to characterize the nutritional status of people with HIV, is but it is not able to differentiate fat mass from lean body mass and thus only presents a superficial view of the nutritional state of the patient. The use of parameters of nutritional assessment, using triceps skinfold or formulas with the same sum of bioimpedance, are able to differentiate lean body mass from fat mass and can better delineate the nutritional status of the individual. Measurement of arm circumference is a valid tool to compare the nutritional status of the individual with HIV with that of the reference population and to facililtate longitudinal monitoring.

Studies evaluating the methods to assess nutritional status in individuals with HIV/AIDS are not conclusive with regard to which one can be considered the gold standard to be applied to this population. A report from Paris, France, stated that subjective global assessment was closely associated with the Centers for Disease Control and Prevention ratings for HIV infection and that weight loss was the parameter that characterized early malnutrition [26]. Arm circumference and triceps skinfold thickness were found to be the most sensitive parameters to detect malnutrition in patients with HIV on HAART in a study in northeastern Brazil [2].

Plasma levels of albumin may be a valid biochemical parameter for nutritional assessment. The results of a study in Rwanda did not find a good correlation between the levels of albumin and nutritional status in women with HIV, and the authors suggested that this indicator may be associated with end-stage disease but should not be used as a nutritional assessment parameter by itself before further studies confirm its relationship to validated measures [27]. In contrast, a study in Brazil by Santos and Almeida [2] found a directly proportional relationship that had statistical significance between the levels of serum albumin and BMI in patients with HIV on ART. This same study found a significant relationship among BMI, serum albumin levels, and CD4 count.

A study in Rwanda, Africa, including women who were ART-naive and had a high prevalence of malnutrition monitored the evolution of nutritional status and CD4 counts after 6, 12, and 24 months of treatment. In this study, no measure of malnutrition (BMI, height adjusted for fat mass, height adjusted for lean body mass, and sum of skinfolds) was consistently related to the change in CD4 count during the follow-up period, which indicated that the nutritional status before treatment is not correlated with effective response to HAART [28].

An observational cohort study in Singapore compared the nutritional status based on BMI 2 months before the start of ART and 6 and 12 months after initiation of therapy. No associations were found between BMI before and after treatment with any magnitude of increase in CD4 count, although a lower BMI was significantly associated with shorter survival [29]. A study in Côte d’Ivoire compared the increase in CD4 count 6 months after the initiation of HAART among groups of individuals with a BMI greater than 25, 18.5 to 25, and less than 18.5 kg/m2, and no difference was found in the people with 50 or more CD4 cells per international unit (IU) [23].

A 12-month study of children with HIV in Nigeria, which evaluated the response to ART, reported that of the children started on the treatment with deficits in weight and height for age, 58% of children, who already had advanced disease, had the highest rate of stunted, underweight and wasted. The success of ART after 12 months of follow-up was associated with higher CD4 cell counts and better nutritional status before treatment. It is noteworthy that significant improvements in CD4 counts were observed in all children, regardless of feeding patterns, nutritional status, age at baseline, gender, and baseline CD4 count [30].

Lakey et al. [31] evaluated weight gain in patients with HIV on HAART for 12 months and found that all subjects had a weight increase in terms of BMI. Patients who gained most weight were females who were treated with PIs and had an initial CD4 count of less than 200 cells/mm³.
14.3 Dietotherapy for HIV Carriers on Antiretroviral Therapy

14.3.1 CD4 T-Cell Counts Greater than 500 Cells/mm³
While CD4 remains greater than 500 cells/mm³, the immune capacity remains partially unchanged so that the individual does not experience significant changes in the quality of life. Despite the relative competence of the immune system, some metabolic abnormalities, especially those resulting from the continued use of ART, are already present in asymptomatic carriers of HIV. ART can induce severe metabolic complications such as IR, metabolic syndrome, lipodystrophy (LDF), and CVD. The metabolic effects of ART in increasing the risk of early and accelerated atherosclerosis in patients with HIV are well recognized. In this sense, dietotherapy in this group of patients should aim at prevention and treatment of these pathologies.

The nutritional plan must be prepared on an individual basis, taking biochemical, anthropometric, social, religious, and economic clinical parameters into consideration. The recommendations of the Phase II diet of the NCEP ATP III guidelines have been shown to be effective in the treatment of HAART-induced dyslipidemia [32]. The diet recommended by the NCEP ATP III provides the total calories to maintain or attain the optimal weight: 25% of total calories from lipids (5% saturated fatty acids, 10% monounsaturated, 10% polyunsaturated), 15% of protein (50% of high biologic value), and 60% of carbohydrates, including 30 g/day of fiber and 200 mg of dietary cholesterol. The high fiber content recommended by the NCEP ATP III also helps maintain the glycidyl levels [33].

14.3.2 CD4 T-Cell Counts Less than 500 Cells/mm³
In the early stage of HIV infection, body stores of vitamin B12 and folate are already altered [34]; there is a decrease in body cell mass and an increase in extracellular water without weight loss [35].

Folate deficiency has been linked to a number of disorders, including carcinogenesis and anemia in individuals with HIV. In humans, deficiency of folate has been related to decrease of circulating T lymphocytes, which, in turn, decrease resistance to infections. There is also an association between folate deficiency and a more rapid disease progression after infection of T lymphocytes by HIV type 1. Suboptimal folate levels could be an additional source of morbidity and mortality in this condition.

Special attention should be given to HIV carriers with celiac disease because in this case, the absorption of folic acid in the proximal jejunum is notably diminished. Anticonvulsants such as phenytoin (diphenylhydantoin) have undesirable inhibitory effects on the metabolism of folic acid, and thus the use of these drugs can lead to pronounced folate deficiency.

Nutritional therapy in the early stages of disease should aim at prevention and treatment of folate deficiency with ingestion of leafy vegetables, meats, offal, oilseeds, cereals, and legumes. Attention should be paid to supplying enough calories, usually 30–35 kcal/kg/day, for maintenance of optimal weight. Hyperproteic diet is when the treatment is introduced for the first time (1.1–1.5 kcal/kg/day).
14.3.3 CD4 T-Cell Counts Less than 350 Cells/mm³
With decreasing CD4 T-cell count, food intake may be compromised by opportunistic infections that cause pain when swallowing, fever, anorexia, and diarrhea. With deficient dietary intake, changes in nutritional status occur, as demonstrated by anthropometry and laboratory examinations and reduced functional capacity. Plasma levels of vitamin B12, folate, zinc, and selenium are frequently low in these patients [34]. Nutritional Guidelines for Agencies Providing Food to People Living with HIV disease, ANSA [36], recommends caloric intake between 35 to 40 kcal/kg/day and 1.5 to 2.0 g protein/kg/day. Zinc supplementation for the prevention and treatment of diarrhea in HIV carriers are warranted, as diarrhea leads to loss of zinc; studies have shown that zinc can reduce the duration, severity, and incidence of diarrhea, particularly in malnourished children [37].
14.3.4 CD4 T-Cell Counts Less than 200 Cells/mm³
Patients with CD4 T-cell count less than 200 cells/mm³ are extremely vulnerable to the development of diarrheal diseases. Among patients with HIV/AIDS, 50% develop diarrhea sometime in the clinical course of their disease [38]. Clinical management of diarrhea and malabsorption disorders is commonly difficult, and these disorders cause considerable nutritional problems in this population. Abnormalities in the absorption of D-xylose, lipids, fat-soluble vitamins, nitrogen, vitamin B12, folate, and trace elements are common. When the large intestine is affected, malabsorption of fluids and electrolytes is also seen [39]. Diarrhea and malabsorption are related to worsening of quality of life and life expectancy. At this stage of the disease, patients should be offered about 2.0 g/kg body weight/day protein, and a diet of 40–50 kcal/kg/day, gradually increasing these values, as necessary [36].
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Patients with human immunodeficiency virus (HIV) frequently use natural health products in combination with antiretroviral therapy (ART). Several natural health products have been shown to interact with antiretroviral agents, which could result in therapeutic failure and development of HIV drug resistance. However, data on the interaction between natural health products and antiretroviral drugs are limited and are primarily based on small studies in subjects without HIV. Additional pharmacokinetic and clinical studies are needed in patients with HIV on newer antiretroviral regimens in combination with Western, African, or Traditional Chinese Herbal Medicines. In the meantime, health care providers need to be vigilant with regard to the possibility of interactions between natural health products and antiretroviral drugs in their patients.
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15.1 Background
The treatment of human immunodeficiency virus (HIV) infection has improved significantly after the introduction of combination antiretroviral therapy (cART), defined as use of a minimum of three active antiretroviral agents, which has resulted in reduced incidence of opportunistic infections and near-normal life expectancy [1,2]. Recent advances in ART include reduced pill burden due to increased availability of fixed-dose combination medications, as well as improved tolerability to newer antiretroviral drugs [1]. However, despite these advances, no cure has been found for HIV infection, and patients experience a multitude of physical symptoms as well as psychosocial issues, including stigma, isolation, and depression. Individuals with HIV also have higher rates of non-acquired immune deficiency syndrome (AIDS)–related disorders, including cardiovascular, kidney, and liver diseases; neurologic impairment; and certain cancers [3]. Due to the chronic nature of HIV infection and related conditions and their impact on quality of life, patients with HIV often seek complementary and alternative therapies.


On average, approximately 60% of patients with HIV report using complementary and alternative medicine (CAM), most commonly agents such as vitamins, herbs, and supplements [4–8]. Studies have shown that patients with HIV primarily use CAM as a complementary measure rather than as an alternative to antiretroviral therapy. The most common reasons for using CAM reported by patients with HIV are to increase energy level, to boost immunity, and to relieve side effects of antiretrovirals [4,6,8]. Patients have also reported using CAM to self-manage health or to gain a sense of control, attempt to normalize health status, or find wellness, as well as follow cultural values [9]. Demographic correlates of CAM use most commonly include Caucasian race compared with other races, male homosexuality compared with other sexual orientations, female gender, higher levels of education, and higher incomes [8–10]. HIV-related predictors of CAM use include longer duration of disease and ART, using a higher number of medications, and the presence of side effects of antiretrovirals [8,9]. Although most studies found that patients who used CAM did not reject conventional medicine [11–15], some studies have noted that CAM use is associated with nonadherence or the decision to not initiate ART [16,17].

Although there is a perception that natural health products (NHPs) are “natural” and therefore have low risks, the use of NHPs may be particularly problematic in patients with HIV due to the risk of NHP–drug interactions and overlapping toxicities, which can lead to treatment failure. One study found that of the 293 patients with HIV included in the study, 10% were advised to stop taking CAM due to concerns about serious drug interactions with ART or the adverse effects of CAM; 15% were advised to use CAM with caution due to potential interactions [5]. However, health care professionals do not yet routinely ask patients about use of NHPs, and studies have found that patient disclosure about CAM use varies considerably, between 38% and 90% [8]. This chapter provides an overview of the mechanisms of drug interactions between NHPs and antiretroviral drugs, pharmacokinetic and pharmacodynamic interactions, and recommendations for screening patients for potential interactions between antiretrovirals and NHPs. For the purposes of this chapter, NHPs include vitamin and minerals, herbal remedies, probiotics, traditional medicine, and homeopathic medicines, as well as other products such as amino acids and essential fatty acids [18].
15.2 Mechanisms of Drug Interactions with Antiretrovirals
Depending on the mechanism, drug interactions can be classified as either pharmacokinetic or pharmacodynamic. Pharmacokinetic interactions alter the absorption, distribution, metabolism, or excretion of another agent, whereas pharmacodynamic interactions lead to additive, synergistic, or antagonistic responses to drug therapy [19]. Antiretroviral drugs are frequently prone to pharmacokinetic drug–drug interactions as a result of the altered metabolism of the antiretroviral, the co-administered drug, or both or through the effects on transport proteins in the liver or intestine [19]. Drug interactions can result in an increased or decreased concentration of the antiretroviral drug, the co-administered agent, or both, resulting in either increased toxicity or therapeutic failure. Therapeutic failure of antiretroviral drugs is particularly worrisome, as it can lead to development of drug resistance, resulting in mutations and limiting future antiretroviral treatment options. There are more than 20 approved antiretroviral drugs that belong to six different medication classes [1] (Table 15.1). The non-nucleoside reverse transcriptase inhibitor (NNRTI) and protease inhibitor (PI) drug classes, chemokine receptor-5 antagonists (e.g., maraviroc), and integrase inhibitors (elvitegravir) are primarily metabolized by CYP3A4 in the liver. PIs are also substrates for P-glycoprotein and are inhibitors of CYP3A4, with ritonavir being the most potent [19]. Ritonavir is frequently used in low doses (100–200 mg/day) to “boost” the concentrations of co-administered PIs [1]. Ritonavir also inhibits CYP2D6 in the liver and induces CYP2C19, CYP2C9, and CYP1A2, increasing the risk for drug–drug interactions [19]. The NNRTIs efavirenz, nevirapine, and etravirine are inducers of CYP3A4; efavirenz and nevirapine are also inducers of CYP2B6 [19]. In addition, efavirenz and etravirine are inhibitors of CYP2C9 and CYP2C19. The integrase inhibitors, raltegravir and dolutegravir, have a lower potential for interactions, as these agents are primarily metabolized by uridine diphosphate glucuronosyltransferase (UGT) 1A1. Dolutegravir is also a substrate of CYP3A4 and P-glycoprotein in vitro [20]. Elvitegravir, however, is co-formulated with cobicistat, a potent inhibitor of CYP3A4, which is used to boost concentrations of elvitegravir but is also prone to interactions with other co-administered drugs [21]. Nucleoside reverse transcriptase inhibitors (NRTIs) are primarily renally cleared, and thus, pharmacokinetic interactions are less likely.


Table 15.1

Antiretroviral Agents





	NUCLEOSIDE/NUCLEOTIDE REVERSE TRANSCRIPTASE INHIBITORS


	Abacavir
	Stavudine


	Didanosine
	Tenofovir


	Emtricitabine
	Zidovudine


	Lamivudine
	 
	NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS


	Delavirdine
	Nevirapine


	Efavirenz
	Rilpivirine


	Etravirine
	 
	PROTEASE INHIBITORS


	Atazanavir
	Nelfinavir


	Darunavir
	Ritonavira


	Fosamprenavir
	Saquinavir


	Indinavir
	Tipranavir


	Lopinavir
	 
	INTEGRASE INHIBITORS


	Dolutegravir
	Raltegravir


	Elvitegravir
	 
	CCR5 RECEPTOR ANTAGONISTS


	Maraviroc
	 
	FUSION INHIBITORS


	Enfuvirtide
	 


[image: Image]

aLow-dose ritonavir and cobicistat are used as pharmacokinetic boosters for select antiretrovirals.

15.3 Pharmacokinetic Interactions Between Antiretrovirals and NHPs
Despite the prevalence of NHP use in patients with HIV, only a limited number of studies have been performed to assess NHP–antiretroviral drug interactions. A literature search of the Medline, Embase, CINAHL, and Cochrane Central Register of Controlled Trials (up to June 2014) databases has been conducted to retrieve reports on interactions between antiretroviral drugs and herbal products by using search terms such as “natural health products,” “herbal medicine,” “HIV,” “antiretrovirals,” “herb–drug interactions,” and “adverse events.” In addition, article bibliographies were also reviewed. The search identified 16 studies that evaluated the following NHPs: St. John’s wort, garlic extracts, American ginseng, Ginkgo biloba, milk thistle, Echinacea sp. and goldenseal root (Table 15.2). The vast majority of these pharmacokinetic studies were conducted in HIV-negative subjects and most commonly evaluated the interactions between these products and antiretroviral agents belonging to the PI class. The PIs evaluated in these studies are older agents such as indinavir or saquinavir, which are rarely used currently due to the availability of more potent and better-tolerated PIs such as atazanavir and darunavir. It is difficult to extrapolate findings from pharmacokinetic studies performed in healthy volunteers to patients with HIV in clinical settings, since the drug-metabolizing enzyme activity, duration, and dosage of NHPs and antiretrovirals and the presence of comorbidities differ. Research suggests that subjects with HIV have decreased activity of several CYP450 isoenzymes, including CYP3A4, compared with that in healthy volunteers [38]. In addition, NHPs are rarely single-entity products, and there may be considerable variation in the types and quantities of compounds they contain [39]. Finally, it is important to note that most pharmacokinetic studies with NHPs lack control groups and thus do not account for time-dependent changes in drug concentrations. Nonetheless, pharmacokinetic studies provide some insight into the potential for NHP–antiretroviral drug interactions.
Table 15.2

Pharmacokinetic Studies of NHPs and Antiretroviral Agents
	Author and year
	NHP
	ARV
	Design
	HIV status
	Participants
	Results




	Piscitelli (2000) [22]
	St. John’s wort (300 mg three times daily)
	Indinavir 800 mg (four doses)
	Before and after
	HIV−
	n = 8 (six males, two females, age 29–50 years)
	Indinavir mean AUC0–8 ↓ by 57% (SD 19) after addition of St John’s wort (P = 0·0008)


	Indinavir mean Cmin ↓ by 81% (SD 16)


	de Maat (2001) [23]
	St. John’s wort
	Nevirapine
	Population pharmacokinetics
	HIV+
	Cases n = 5 (all males, age 34–53 years), control n = 171
	Nevirapine oral clearance ↑ 35% (SE 15%) in patients using St. John’s wort (P = 0.02)


	Piscitelli (2002) [24]
	Garlic caplets two times daily
	Saquinavir 1,200 mg three times daily for 4 days
	Three period one-way, crossover
	HIV−
	n = 10 (4 males, 6 females, mean age 38 years)
	Saquinavir mean AUC0–8 ↓ by 51% in presence of garlic (P = 0.007)


	Saquinavir mean Cmin ↓ 49% (P = 0.002) with garlic


	Gallicano (2003) [25]
	Garlic extract 10 mg twice daily
	Ritonavir 400 mg single dose
	Crossover design
	HIV−
	n = 10 (five males, five females, age 18–55 years)
	Ritonavir mean AUC ↓ by 17% and Cmax ↓ by 1% in presence of garlic (not statistically significant)


	Hajda (2010) [26]
	Garlic extract 600 mg twice daily
	Saquinavir 1,200 mg single dose
	Crossover design
	HIV−
	n = 10 (all males, age 24–38 years)
	Garlic ↑ expression of intestinal P-glycoprotein to 131% (95% CI, 105–163%)


	Saquinavir mean AUC ↓ to 85% from baseline (95% CI, 66–109%) in presence of garlic


	Piscitelli (2002) [27]
	Milk thistle 175 mg (silymarin 153 mg) three times per day for 3 weeks
	Indinavir 800 mg four doses
	Three period one-way, crossover
	HIV−
	n = 10 (six males, four females, age 24–45 years)
	Indinavir mean AUC0–8 ↓ by 9% after addition of milk thistle (not statistically significant)


	Indinavir mean Cmin ↓ 25% (P = 0.0084) with milk thistle


	DiCenzo (2003) [28]
	Milk thistle (silymarin 160 mg) three times per day for 2 weeks
	Indinavir 800 mg four doses
	Sequential crossover trial
	HIV−
	n = 10 (seven males, three females, mean age 32 years)
	Indinavir mean AUC0–8 ↓ by 7% after addition of milk thistle (not statistically significant)


	Indinavir mean Cmax ↓ 11% with milk thistle (not statistically significant)


	Mills (2005) [29]
	Milk thistle (silymarins 450 mg) three times per day for 28 days
	Indinavir 800 mg four doses
	Three period randomized control trial
	HIV−
	n = 16 (all males) age 18–35 years
	Indinavir mean AUC0–8 ↓ by 4.4% after addition of milk thistle in active group (P = 0.78)


	No significant difference between active and control groups in plasma pharmacokinetics


	Molto (2012) [30]
	Milk thistle (silymarin 150 mg) three times per day for 2 weeks
	Darunavir/ritonavir 600/100 mg twice daily for at least 4 weeks
	Open label fixed sequence
	HIV+
	n = 15 (all males; age 44–50 years)
	Darunavir AUC0–12 ↓ by 14% after addition of milk thistle (P = 0.215)


	Darunavir Cmin ↓ by 6% after addition of milk thistle (P = 0.654)


	Sandhu (2003) [31]
	Goldenseal root (1,140 mg twice daily) for 14 days
	Indinavir 800 mg single dose
	Crossover study (before and after)
	HIV−
	n = 10
	Indinavir mean Cmax ↑ 2.6% after addition of goldenseal root (not statistically significant)


	Indinavir oral clearance was lowered by 4.6% following treatment with goldenseal root (not statistically significant)


	Slain (2003) [32]
	Vitamin C 1,000 mg/day for 7 days
	Indinavir 800 mg four doses
	Before and after
	HIV−
	n = 7 (six males, one female), age 18–55 years
	Indinavir mean AUC0–8 ↓ by 14% after addition of vitamin C (P = 0.05)


	Indinavir mean Cmax ↓ 20% (P = 0.04) after addition of vitamin C


	Andrade (2008) [33]
	American ginseng 1 g every 8 h for 2 weeks
	Indinavir 800 mg every 8 h×3 days
	Before and after
	HIV−
	n = 13 (all males, age 26–53 years)
	Indinavir mean AUC0–8 ↓ by 11% after addition of American ginseng (not statistically significant)


	No significant difference in indinavir Cmin or Cmax after addition of American ginseng


	Robertson (2008) [34]
	G. biloba 120 mg twice daily×2 weeks
	Lopinavir/ritonavir×4 weeks
	Before and after
	HIV−
	n = 14 (eight males, six females)
	Lopinavir AUC0–12 ↑ 2% following addition of G. biloba (P = 0.42)


	Lopinavir Cmax ↓ 2% following addition of G. biloba (P = 0.43)


	Blonk (2012) [35]
	G. biloba 120 mg twice daily×2 weeks
	Raltegravir 400 mg single dose
	Two period crossover
	HIV−
	n = 18 (nine males, nine females, age 18–55 years)
	Raltegravir mean AUC0–12 ↑ 24% after addition of G. biloba (not statistically significant)


	Raltegravir mean Cmax ↑ by 44% after addition of G. biloba (not statistically significant)


	Penzak (2010) [36]
	Echinacea purpurea 500 mg three times per day×4 weeks
	Lopinavir 400 mg–ritonavir 100 mg twice per day×4 weeks
	Open label-single sequence
	HIV−
	n = 13 (eight males, five females)
	Lopinavir mean AUC0–12 ↓ 4% following addition of Echinacea (P = 0.82)


	Lopinavir mean Cmax unchanged following addition of Echinacea (P = 0.72)


	Molto (2010) [37]
	E. purpurea 500 mg every 6 h×2 weeks
	Darunavir/ritonavir 600/100 mg twice daily for at least 4 weeks
	Open label single sequence
	HIV+
	n = 15 (ages 43–67 years)
	Darunavir mean AUC ↓ 10% following addition of Echinacea (P = 0.374)


	Darunavir mean Cmax ↓ 3% following addition of Echinacea (P = 0.810)







[image: Image]



ARV, antiretroviral; AUC, area under the concentration curve; Cmin, minimum concentration; Cmax, maximum concentration.


15.3.1 St. John’s Wort
One of the first studies to evaluate pharmacokinetic interactions between NHPs and antiretrovirals evaluated St. John’s wort (Hypericum perforatum), commonly used to manage symptoms of depression. Preliminary evidence suggested that St. John’s wort induces CYP3A4, which could lead to reduced concentrations of agents metabolized via this CYP450 isoenzyme [40]. Piscitelli et al. [22] conducted an open-label study of indinavir 800 mg every 8 h (total of four doses) and St. John’s wort (300 mg three times daily for 14 days) in eight healthy volunteers using a before-and-after design. St. John’s wort significantly reduced indinavir’s area under the concentration curve (AUC), minimum concentration (Cmin), and maximum concentration (Cmax), as shown in Table 15.2. A subsequent study evaluated the impact of St. John’s wort on the oral clearance of nevirapine by using a nonlinear, mixed-effect modeling analysis [23]. Nevirapine oral clearance significantly increased by 35% in patients who were taking St. John’s wort and nevirapine together (n=5) for several months compared with control patients taking nevirapine alone (n=171). The results of these studies have important clinical implications, since both PIs and NNRTIs have a narrow therapeutic index. Low plasma concentrations of these antiretroviral drugs can lead to reduced virologic control and emergence of drug-resistant HIV strains [1,19]. Although data on newer antiretroviral agents are not available, it is recommended that St. John’s wort be avoided in patients receiving treatment with a PI, NNRTI, maraviroc, or dolutegravir because of the potential for reduced serum concentrations through CYP3A4 induction [1].
15.3.2 Garlic
Garlic supplementation is commonly used by both the general population and patients with HIV because of claims related to the lipid-lowering effects and overall health benefits of garlic [41]. Patients with HIV have a higher risk of cardiac disease compared with the general population, likely due to a combination of factors, including the effects of the virus, higher prevalence of traditional risk factors such as smoking, and dyslipidemia caused by ART [1]. Although in vitro studies have demonstrated garlic (or its constituent, allicin) to have inhibitory effects on CYP3A4 and P-glycoprotein [42,43], in vivo studies have shown conflicting results. In healthy volunteers, garlic administered twice daily over a 3-week period significantly reduced the AUC, Cmin, and Cmax of saquinavir administered at a dose of 1,200 mg three times daily [24]. In contrast, acute dosing of garlic extract for 4 days (non–steady-state conditions) did not significantly impact the pharmacokinetics of single-dose ritonavir [25]. The possible mechanism for these changes was illuminated in an open-label, randomized, crossover study in healthy volunteers, in which investigators found that garlic extract administered for 3 weeks significantly increased the intestinal expression of P-glycoprotein without increasing the expression of CYP3A4 [26]. The effect of garlic on intestinal P-glycoprotein would be consistent with changes in saquinavir pharmacokinetics previously noted by Piscitelli et al. [24]. Thus, although data are conflicting and the interaction potential may be influenced by duration as well as type of garlic supplements used, most clinicians recommend avoiding garlic supplements in patients receiving PIs.
15.3.3 Milk Thistle
Milk thistle (Silybum marianum) is a herbal product commonly used by patients with HIV for the management or prevention of antiretroviral-induced hepatotoxicity or liver disease caused by co-infection with hepatitis B or C [27]. The main active components of milk thistle, collectively known as silymarin, consist of a mixture of flavonoids that are present in the fruits, seeds, and leaves of the plant [27]. In vitro, milk thistle has been shown to inhibit the activity of CYP3A4 [44,45]; however, in vivo studies have shown the effects of milk thistle on the pharmacokinetics of PIs to be negligible. Two crossover studies conducted in healthy volunteers evaluated the effects of milk thistle on indinavir concentrations [27,28]. Both studies found the impact of milk thistle on indinavir AUC to be minimal [27,28]. However, a significant decrease in indinavir Cmin (~25%) was observed in one study [27]. In the washout phase, indinavir Cmax, Cmin, and AUC were approximately 25% lower than baseline, suggesting a potential time-dependent (not milk thistle–dependent) effect [27]. In an attempt to assess the potential for an interaction between milk thistle and indinavir more accurately, Mills et al. [29] conducted a randomized controlled trial in 16 healthy volunteers. They found no significant difference between the active (milk thistle) and control groups in terms of indinavir concentrations. In addition, there was a nonsignificant decrease in indinavir AUC in the active group following the addition of milk thistle [29]. Milk thistle has also been evaluated in 15 HIV-positive patients taking darunavir–ritonavir 600/100 mg twice daily for at least 4 weeks [30]. Similar to what was seen in healthy volunteers, milk thistle had a nonsignificant effect on darunavir AUC and Cmin. Potential factors causing the discrepancies between in vivo and in vitro findings may include variability in silymarin content among the various milk thistle brands available on the market. Another explanation for the differences between in vitro and in vivo experiments may be related to the poor and erratic oral bioavailability of silymarin [30,46]. Taken together, these findings suggest that co-administration of silymarin with PIs did not result in significant pharmacokinetic changes, and thus, dose adjustments are likely not necessary.
15.3.4 Goldenseal
Goldenseal root (Hydrastis canadensis) is a herbal product that is popular due to claims with regard to its immunostimulatory activity [47]. An in vitro study that tested 21 popular herbal products found that goldenseal was the most potent inhibitor of CYP3A4 [48]. A pharmacokinetic study in healthy volunteers examined the influence of goldenseal root on the pharmacokinetics of indinavir by using a crossover study design. There was no statistically significant difference in indinavir Cmax or oral clearance following the addition of goldenseal root [31]. These results suggest that patients treated with indinavir may be able to safely take goldenseal root. However, caution is warranted when using goldenseal root and CYP3A4 substrates, as another study that evaluated the CYP3A4 substrate, midazolam, demonstrated inhibitory effects of goldenseal root on CYP3A4 [49].
15.3.5 Vitamin C
Vitamins, including vitamin C, are often the most commonly used NHPs among patients with HIV [50]. Vitamin C is proposed to enhance immune function, reduce oxidative stress, and have possible anti-HIV activity [32]. There is limited information about the effects of vitamin C on CYP450 isoenzymes in humans; therefore, high-dose vitamin C (1,000 mg/day) was studied in seven healthy volunteers, who received indinavir in a before-and-after study design [32]. Vitamin C was found to significantly reduce the AUC (↓14%) and Cmax (↓20%) of indinavir, although the mechanisms of these findings are unclear. The limitations of this study include the small sample size and the before-and-after study design, which may not have prevented the impact-of-order effect. The significance of these findings, particularly in the era of ritonavir-boosted PIs, is not clear; however, it is unlikely that a dose adjustment is necessary.

15.3.6 Ginseng
American ginseng is a popular herbal product in the United States [51]. The active compounds of all ginseng species are thought to be ginsenosides, the contents of which vary significantly across different species of ginseng [52]. American ginseng is used to boost the immune system and improve digestion, and it is also used for the management of hyperglycemia. Hyperglycemia and diabetes are more common in patients with HIV than in the general population. This may be due, in part, to the use of PIs such as indinavir, which are known to cause insulin resistance (IR) and hyperglycemia [1]. To investigate the impact of American ginseng on the pharmacokinetics of indinavir and whether American ginseng improved indinavir-induced IR, Andrade et al. [33] performed a before-and-after study in healthy volunteers. No serious adverse events following co-administration of indinavir and American ginseng were observed, although three subjects developed transaminitis. In one subject, the study was discontinued because of elevation of aspartate aminotransferase (AST) levels three times the upper limit of normal (Grade 2) following 3 days of indinavir. American ginseng did not have a significant effect on the pharmacokinetics of indinavir [33]. Thus, it appears unlikely that there is a significant interaction between American ginseng and CYP3A4 substrates such as PIs or NNRTIs.
15.3.7 Ginkgo biloba
G. biloba is purported to have beneficial effects on cognitive function. Cognitive impairment is a recognized complication of HIV infection; therefore, G. biloba may be used for this purpose in patients with HIV [34,53]. In vitro studies suggest that G. biloba may affect CYP3A4 [48]. Robertson et al. evaluated the effects of G. biloba 120 mg twice daily on lopinavir-ritonavir in 14 healthy subjects in a before-and-after design [34]. G. biloba had no significant effect on lopinavir AUC or Cmax. However, in the same study G. biloba did reduce midazolam AUC and Cmax, suggesting induction effects on CYP3A4. The authors suggest that G. biloba is unlikely to impact the pharmacokinetics of ritonavir-boosted PIs due to the strong inhibitory effect of ritonavir on CYP3A4. In another study, G. biloba did not have a significant effect on raltegravir, an integrase inhibitor, which is metabolized primarily by UGT-1A1, suggesting that these two agents can be used together safely [35]. In addition to the available pharmacokinetic data, two case reports described virologic failure in patients with HIV who had had viral suppression for many years on regimens based on efavirenz (NNRTI) [54,55]. In both cases, the patient had started taking G. biloba in recent months, and in one case report, efavirenz plasma concentrations were found to decrease over time, coinciding with virologic failure and the development of mutations caused by drug resistance of HIV. Taken together, the available data suggest that G. biloba may be safe to use with ritonavir-boosted PIs or raltegravir; however, it should be avoided or used with caution in patients receiving unboosted PIs or NNRTIs.
15.3.8 Echinacea
E. purpurea has been widely used as an immune system stimulant, and its effects include decrease in the symptoms of the common cold and flu [56]. Conflicting reports have made it difficult to predict the influence of E. purpurea on the pharmacokinetics of CYP3A substrates such as the PIs in HIV infection. Penzak et al. [36] assessed the influence of E. purpurea on the steady-state pharmacokinetics of ritonavir-boosted lopinavir in healthy volunteers. In this study, despite evidence of enhanced CYP3A activity after 28 days of E. purpurea administration, there were no reductions in the CYP3A substrates lopinavir and ritonavir, which may be due to the effects of ritonavir, a potent intestinal and hepatic CYP3A4 inhibitor.

The potential for interaction between E. purpurea and darunavir-ritonavir was evaluated in an open-label, fixed-sequence study in 15 patients with HIV. The subjects received ART, including darunavir-ritonavir (600/100 mg twice daily, respectively) for at least 4 weeks, followed by the addition of E. purpurea for 14 days [37]. Similar to the study performed in healthy volunteers, E. purpurea did not impact darunavir-ritonavir pharmacokinetics and appeared to be safe and well tolerated in patients with HIV. The available data suggest that no dose adjustment is necessary in patients receiving E. purpurea and ritonavir-boosted PIs. However, it is possible that E. purpurea may modestly reduce concentrations of other CYP3A4 substrates, including NNRTIs, in the absence of a potent CYP3A4 inhibitor, so patients should be monitored closely.
15.4 Pharmacodynamic Interactions Between Antiretrovirals and NHPs

15.4.1 Antiretroviral Activity
Some NHPs may have direct effects on HIV, which could lead to synergistic or antagonistic effects when combined with ART. Several studies have evaluated the effects of traditional Chinese herbal medicine (TCHM) in patients with HIV when used alone or in combination with ART [57]. Although compound SH, a combination of five herbal medicines, was found to have beneficial effects on HIV viral load and CD4 count when combined with the NRTIs zidovudine and zalcitabine, this study had a small sample size and dual ART is no longer recommended [58]. Most other studies of TCHM have not shown it to enhance ART [57]. High quality clinical research evidence is lacking, particularly in patients receiving newer antiretroviral regimens.
15.4.2 Antiretroviral-Associated Toxicity
As noted previously individuals using NHPs think “natural” means “safe.” However, these products may be associated with additive or increased risk of adverse effects when used in patients with HIV who are receiving ART. Although high-quality research data are limited, the use of traditional herbal medicines in sub-Saharan Africa was independently associated with a substantial increase in significant liver fibrosis in both study subjects with or without HIV [59]. Another study conducted in Zimbabwe found that traditional herbal medicines were associated with an increased risk of abdominal pain and rash in patients receiving cART [60].

Several case reports have been published on the potential for interactions between NHPs and antiretrovirals. In one case report, a patient co-infected by HIV and hepatitis C was receiving raltegravir and lopinavir-ritonavir and was admitted to hospital following acute elevations of liver enzymes, marked jaundice, and weight loss. The patient reportedly had started taking Asian ginseng 39 days prior to admission; after he stopped taking the ginseng product, the patient experienced clinical and laboratory improvement [61]. In another case report, a patient with HIV who was receiving abacavir, lamivudine, and ritonavir-boosted atazanavir experienced priapism lasting 5 days following ingestion of one capsule of Africa Black Ant, a herbal supplement marketed for the treatment of erectile dysfunction. Toxicologic analysis found the capsule contained approximately 96 mg of sildenafil; PIs are known to significantly increase sildenafil concentrations [62]. Another report described diarrhea and toxic lopinavir concentrations in a patient who was receiving stavudine, lamivudine, and lopinavir-ritonavir, in addition to evening primrose, colayur, and rheum frangula [63]. The authors suggested that evening primrose oil inhibited the metabolism of lopinavir, which resulted in toxic lopinavir concentrations and diarrhea [63].

Between January 1965 and December 2007, the Canadian Vigilance Program received a total of 37 case reports associated with the concurrent use of antiretrovirals or antivirals and NHPs [39]. Twenty-two of these cases were spontaneous reports, and 15 were solicited as part of an active surveillance project by Health Canada. Approximately 76% of the reports involved serious cases and reflected adverse reactions known to be associated with antiretrovirals or antivirals. Unfortunately, causality assessment of the contribution of NHPs to the adverse reaction was challenging in many cases due to incomplete data such as specific dechallenge information and NHP therapy dates. In addition, causality assessment is further complicated by the chemical complexity of NHPs, product quality issues, and lack of population exposure and literature data [39]. In all of the cases reported, however, numerous NHPs had been taken in combination with antiretrovirals. Thus, while case reports reflect the “real-world” experience of NHPs in subjects with HIV, under-reporting and poor-quality reports are the limitations of spontaneous reporting systems. To increase the awareness and reporting of the potential adverse reactions associated with NHPs, collaboration is required among consumers, health care professionals, manufacturers, and regulators [39].
15.5 Assessment of Potential Interactions
To minimize risk of potential interactions between ART and NHPs, it is imperative to have clear communication between patients and health care providers with regard to NHP use [64]. A significant proportion of patients do not disclose NHP use unless specifically asked, which may be related to patient as well as health care provider characteristics [65]. Patient nondisclosure of NHP use may be due to concerns that physicians will criticize their decision to use NHPs or the patient does not consider them drugs or medications [64]. In terms of health care providers, lack of knowledge and unfamiliarity with NHPs may prevent initiating discussions about NHP use. Even if patients do report use of CAM, studies show documentation of CAM use in medical records is poor, which may limit the ability of health care providers to identify drug interactions or adverse effects should they occur [66].

Since NHP use is common among patients with HIV, health care providers caring for these patients need to be aware of research results on NHP use in the management of HIV and its associated complications. This is important not only to identify potential adverse events but also to discuss the possible risks and benefits of NHP use. Clinicians should routinely explore NHP use in a nonjudgmental manner to build trust and encourage dialogue with their patients. This includes exploring the dose and frequency of use of NHPs. When patients are initiating ART, it is important to educate them about known drug interactions with NHPs such as St. John’s wort and the importance of disclosing NHP use. If patients experience a change in disease outcomes or unexpected adverse effects, clinicians should probe for potential reasons, including the use of NHPs, in a thorough and respectful way [67].

The next step to prevent possible NHP–antiretroviral drug interactions is knowing where to find information about NHPs [67]. Numerous sources of information are available, including databases such as Natural Medicine Comprehensive database and Natural Standard; MedlinePlus; and reviews of the primary literature. In cases where NHP–antiretroviral drug interactions are identified, clinicians should take immediate action to discuss the benefits and risks of NHP use with the patient and offer treatment alternatives, as appropriate.
15.6 Conclusions
Patients with HIV frequently use NHPs in combination with antiretroviral drugs; however, patients may not always disclose NHP use to their health care providers. Although data are limited, there is significant risk for pharmacokinetic and pharmacodynamic interactions between NHPs and antiretroviral drugs. As an example, clinically significant pharmacokinetic interactions between antiretroviral drugs and NHPs such as garlic and St. John’s wort have been identified. However, even in the case of negative findings from NHP–antiretroviral drug interaction studies, caution is warranted in extrapolating results in healthy volunteers or in vitro studies to patients with HIV. Many of the pharmacokinetic studies in healthy volunteers are limited by small sample size, lack of a control arm, and short duration. Development of clinically significant pharmacokinetic or pharmacodynamic interactions between NHPs and antiretrovirals in a patient with HIV may depend on a multitude of factors, including antiretroviral doses and duration; patient factors such as age, gender, concomitant diseases and medications, and genetic polymorphisms in CYP450 isoenzymes; and differences in NHP dose and constituents among various commercial brands. Thus, additional high-quality pharmacokinetic and clinical studies are needed in patients with HIV who are receiving modern antiretroviral regimens and Western, African, as well as TCHMs. In the meantime, however, clinicians need to be vigilant about the possibility of interactions between NHPs and antiretrovirals in their patients. To do so, health care providers should initiate discussions about NHP use with their patients in a nonjudgmental manner and communicate balanced information. In cases of suspected NHP–antiretroviral interactions, particularly those that are serious, clinicians should take immediate action, including reporting suspected interactions to regulators. Active surveillance of NHP use in patients with HIV may be useful to improve reporting and identification of drug interactions with antiretrovirals.
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Directed Acyclic Graphs to Identify Confounders
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Background
Advances in causal inference suggest that conventional statistical methods for variable selection in regression analyses can introduce biases. Directed acyclic graphs (DAGs) have been proposed as a strategy for reducing biases associated with selection of confounding variables in statistical models. This paper elucidates the usefulness of DAGs by applying them to a topical area within the field of human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) research.
Methods
This paper reviews DAG methodology and its potential for application to evaluative studies of social determinants of health. Drawing on a case study that seeks to evaluate the impact of food insecurity on plasma HIV-1 ribonucleic acid (RNA) suppression among illicit drug users receiving antiretroviral treatment for HIV infection, the paper compares confounder selection strategies using standard statistical techniques versus a DAG-led approach. Implications of these findings for the construction of a multivariable logistic regression model are discussed.
Results
A DAG-led approach to confounder identification reduced bias in statistical inference by considering the implications of adjustment of collider and intermediate variables.
Conclusion
This paper discusses strengths and limitations of DAGs in applied epidemiology and demonstrates that DAGs are an important epidemiological tool for guiding statistical adjustment techniques.
Keywords
Directed acyclic graphs; causal theory; HIV; antiretroviral therapy; food security; hunger; illicit drug user
16.1 Introduction
The use of directed acyclic graphs (DAGs) is gaining momentum in epidemiology and biostatistics as a method of visualizing and understanding the complex interrelationship between variables. The primary purpose of DAGs is to depict and clarify potential causal effects between exposure(s) and outcomes [1–3]. These causal diagrams have multiple uses within epidemiology. One of the main uses of DAGs has been to facilitate the identification of confounding variables [1,3,4]. DAGs have also proven to be useful to identify specific types of bias [5,6] and measurement error [6,7]. More recently, DAGs have been used to classify causal relationships that can give rise to different forms of effect modification [8] and to elucidate concepts of mediation and mechanisms in sufficient-cause models [9–11].

DAGs have shown to be useful in the context of randomized controlled trials (RCTs) to understand bias in indirect and mixed treatment comparisons of RCTs [12], and to identify information and confounding bias [13]. Perhaps the most exciting use of DAGs is in their application to observational studies. Prior to data collection, DAGs can assist researchers in generating hypotheses about how variables might be causally related and help guide decisions about which variables may be important to collect. During data analysis, DAGs can be used to understand which variables should be controlled for in the analysis (e.g., in a multivariable regression), on the basis of whether they constitute a direct or indirect causal relation; a causal relation based on a common cause; or a relation based on a common effect [4]. DAGs help identify associations and sources of bias that are harder to identify using other approaches, such as potential outcome approach [14]. Furthermore, they can be used to explain why certain statistically significant associations have arisen in adjusted models, and whether some observed associations may, in fact, be spurious. DAGs have been used by epidemiologists to demonstrate how standard statistical techniques aimed at alleviating biases have at times failed to account for certain kinds of biases that researchers were previously unaware of [15] and have been used to make sense of seemingly conflicting results within observational studies [16]. Such contradiction may be prevalent even if the data are longitudinal with adequate power. There is a need to popularize this DAG approach more to get further insight about the causal relationship.

Few publications have described how DAGs can be applied in social epidemiology to improve understanding of the social determinants of health. In the field of human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) research, there is a growing recognition among the global public health community that addressing the social determinants of health is essential to optimizing HIV prevention and treatment outcomes [17]. Addressing the social, legal, and economic environments has been identified as essential to achieving the goal of “zero new HIV infections, zero discrimination, zero AIDS-related deaths” globally [17]. There is an urgent need for publications that give practical illustrations of DAGs in social epidemiology and the field of HIV/AIDS.

The objective of this chapter is to give a practical illustration of the usefulness of DAGs in the field of HIV/AIDS. DAGs will be applied in an investigation of the relationship between food insecurity and HIV treatment outcomes, a topical area in HIV research. Specifically, we will illustrate how DAGs can improve the selection of potential confounder variables for inclusion in statistical models seeking to describe the relationship between social determinants and HIV outcomes. We begin by reviewing the literature on severe food insecurity (i.e., hunger) and adverse HIV outcomes among illicit drug users. We will then describe the interrelationship between the variables considered in the relationship between hunger and plasma HIV-1 RNA (viral load [VL]) suppression and apply a six-step methodology [15] to identify confounders for statistical adjustment. The implications of this DAG selection procedure compared with standard procedures commonly used in HIV/AIDS studies will then be reviewed. We conclude with a discussion about the strengths and limitations of DAGs in epidemiology and promote use of DAGs for construction of confounder models in studies evaluating social determinants of HIV outcomes.
16.2 Methods

16.2.1 Case Study
Triple-combination antiretroviral therapy (ART) has shown to reduce HIV-related morbidity and mortality [18,19] and prevent transmission [20]. However, HIV-positive illicit drug users face structural and behavioral barriers that prevent achievement of optimal clinical outcomes [21]. Food insecurity has been associated with lower adherence to ART [22,23], incomplete VL suppression [22], impaired immunologic status [24,25] and mortality [26,27]. The prevalence of food insecurity among ART recipients in Vancouver (BC, Canada) and San Francisco (CA, USA) has been found to range from 48% to 70%, and is particularly elevated among drug users [28]. A study was initiated to evaluate the impact of severe food insecurity (i.e., self-reported hunger) on VL suppression among HIV-positive illicit drug users receiving ART [29].

Details of this study are described elsewhere [29]. Briefly, a sample of n=406 was derived from the AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS), a prospective cohort of HIV-positive illicit drug users in Vancouver [18,19]. The primary outcome variable of interest was HIV RNA suppression, defined as two consecutive HIV RNA measurements of less than 50 copies/mL. The primary explanatory variable of interest was self-reported hunger, defined as a response of “yes” to a validated question: “I am hungry, but I don’t eat because I can’t afford enough food.” In this study, secondary variables hypothesized to confound the relationship between hunger and VL suppression were selected for inclusion in final multivariate models using a standard manual backward selection procedure, described previously [30]. The study found that hunger was significantly and inversely associated with VL suppression in univariate analysis; results are presented in Table 16.1. However, this association no longer persisted after controlling for potential sociodemographic, behavioral, and clinical confounders in the multivariable model [29]. However, it is possible that the use of standard techniques for variable selection unintentionally introduced selection bias because they adjust for participant characteristics that are affected by HIV treatment [15]. To illustrate the utility of DAGs, the present case study will repeat the confounder selection procedure analysis by applying DAG methodology and illustrate the merits of different approaches.


Table 16.1

Factors Significantly Associated with self-reported Hunger in Univariate Analysis Among HIV-Positive Illicit Drug Users Receiving ART in Vancouver, Canada (n = 375)a





	Characteristic
	Hunger
	No hunger
	Odds ratio
	P value


	235 (63.7%)
	140 (37.3%)
	(95% CI)b




	AGE


	Median, interquartile range (IQR)
	43.5 (38.7–48.0)
	45.2 (39.6–49.9)
	0.75 (0.56–0.99)
	0.045


	HOMELESSNESS


	Yes
	31 (13.2%)
	7 (5.0%)
	2.89 (1.24–6.75)
	0.014


	No
	204 (86.8%)
	133 (95.0%)
	 	 
	MONEY SPENT ON DRUGS PER DAYc


	≥$60
	138 (62.7%)
	55 (43.0%)
	2.23 (1.43–3.48)
	<0.001


	<$60
	82 (37.3%)
	73 (57.0%)
	 	 
	INCARCERATIONd


	Yes
	193 (82.1%)
	102 (72.9%)
	1.71 (1.04–2.82)
	0.035


	No
	42 (17.9%)
	38 (27.1%)
	 	 
	SYMPTOMS OF DEPRESSIONe


	Yes
	176 (76.2%)
	66 (47.5%)
	3.54 (2.26–5.55)
	<0.001


	No
	55 (23.8%)
	73 (52.5%)
	 	 
	PLASMA HIV RNA SUPPRESSION


	Yes
	84 (55.3%)
	68 (44.7%)
	0.59 (0.39–0.90)
	0.015


	No
	151 (67.7%)
	72 (32.3%)
	 	 


[image: Image]

HIV RNA, human immunodeficiency virus ribonucleic acid.

aSee Anema et al. [27] for full univariate results.

bConfidence interval.

cBased on median split.

dWithin last 6 months of interview.

eWithin last week of interview.

16.2.2 Overview of Standard Confounder Selection Procedures That Do Not Use DAGs
Potential confounders were defined as variables shown in the literature to be causally associated with the outcome (HIV RNA suppression) and associated with exposure in the source population (hunger) but not intermediate variables in the causal pathway between exposure and outcome [4,31,32]. Secondary explanatory variables hypothesized to confound the relationship between hunger and HIV RNA suppression included age (per 10-year increase), gender (male versus female), homelessness (no fixed address, street versus other); education level (≥high school versus other), monthly income (≥$1,050 versus<$1,050, based on median split), and money spent on drugs per day (≥$60 versus<$60, based on median split); symptoms of depression in past week (≥16 CES-D score versus<16 CES-D score); daily alcohol use (≥4 drinks versus<4 drinks, based on median split); any drug binge (yes versus no); median CD4 cell counts (per 100 cells/μL). Univariate analyses were performed to identify the prevalence and correlates of hunger and VL suppression, respectively. A manual backward selection procedure [30] was used to select potential confounder models in the final multivariable model, described in detail elsewhere. A multivariable model was derived adjusting for age, homelessness, monthly income, and average spent on drugs per day and also included adherence [29].

16.2.3 Revised Confounder Selection Using DAG Methodology
A DAG is composed of variables (nodes) and arrows between nodes (directed edges or arcs) such that the graph is acyclic (i.e., cannot start and end with any one node). Given a directed edge stemming from one node to another, the former is termed a “parent node” and the latter a “child node.” A path in a DAG is a sequence of nodes connected by directed edges, regardless of the direction of the arrowhead. Causal, or directed, paths between an exposure and outcome are described as being blocked if they contain a collider variable, or a variable which has direct or indirect edges pointing toward it from both exposure and outcome [33]. Detailed nomenclature for DAGs [2] and formalization using structural equations [1] have been described elsewhere.

DAG theory applies a more refined definition of confounding than traditional epidemiologic methods. While still acknowledging that a confounder is a variable that is causally associated with an outcome; noncausally or causally associated with an exposure; and not an intermediate variable in the causal pathway between exposure and outcome [31,32], DAG theory additionally stipulates that a “true” confounder cannot be a descendant (effect) of the exposure or outcome [2]. Implicit in this condition is what is referred to as the “back door criterion,” which states that that a causal pathway between a confounder and an exposure variable must constitute a directed edge emanating from the confounder toward the exposure [2]. In DAG theory, identification of a “true” confounder involves visualizing the hypothesized causal interrelationship between variables and applying the definitions or criteria listed above. In contexts involving many variables, robust identification confounders can be additionally facilitated by application of a six-step algorithm [34]. This six-step approach has been successfully used to reduce bias and identify confounders in analyses considering large numbers of variables [15].

A DAG was generated to visualize the theoretical causal relationships between hunger and plasma HIV RNA viral load (PVL) suppression among illicit drug users, and to map out secondary explanatory variables hypothesized to confound this relationship (Figure 16.1). This involved plotting out the relationship between all variables under examination in the proposed analysis (described above), including secondary explanatory variables hypothesized to confound the relationship between hunger and PVL suppression. Directed edges (i.e., pathways) between nodes (variables) were drawn on the basis of the best available evidence from published randomized clinical trials, observational studies, and literature reviews [28,35]. Potential causal pathways between covariates were consistent with an empirically derived conceptual framework published by Weiser et al. [36], which describes the bi-directional linkages between food insecurity and adverse HIV outcomes [36]. Although DAGs typically depict (directed) causal relations, occasionally they can include (undirected) or symmetric associations. Two-headed arrows between variables were used to depict the presence of at least one unknown exogenous common cause of two variables (i.e., presence of a variable that had no known parents) [37] and speak to the fact the relations between some variables are theorized to be bi-directional.

[image: image]
Figure 16.1 Hypothesized relationships between variables considered in the relationship between hunger and HIV RNA viral load suppression among HIV-positive illicit drug users receiving ART in Vancouver, Canada.
Given the large number of variables considered in this scenario, and the complexity of their interrelationship, we reviewed the accuracy of this deductive process by applying the six-step algorithm, displayed in Figure 16.2. This algorithm, originally developed by Pearl [38] and elucidated by Shrier and Platt [15], is intended to reduce the degree of bias in the effect estimates of final statistical models. Starting with an initial DAG depicting the relationship among explanatory, outcome, and hypothesized confounder variables, the algorithm stipulates that the following: (1) The covariates chosen to reduce bias should not be descendants of X; (2) variables should be deleted if they are (i) non-ancestors of X, (ii) non-ancestors of the outcome, and (iii) non-ancestors of potential confounders; (3) lines emanating from X should be deleted; (4) any two parents (direct causes of a variable) sharing a common child should be connected; (5) all arrowheads should be stripped from lines; and (6) lines between the covariates in the model and any other variables should be deleted. It has been suggested, with regard to the third step of the algorithm, that rather than deleting all arrows emanating from exposure, it is also possible to delete only those arrows necessary for the outcome to be a nondescendant of the exposure [39]. Variables identified as “true” confounders using this processes included age, gender, homelessness, symptoms of depression, and alcohol use.
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Figure 16.2 Six-step directed acyclic graph approach to identification of confounder variables in the relationship between food insecurity and HIV RNA nonsuppression among illicit drug users.
16.3 Results
Results comparing the DAG selected and standard selected multivariable models are depicted in Table 16.2. The DAG-selected model (Model 1) identified five potential confounder variables for inclusion in the final model. This model uncovered an inverse, marginally significant relationship between hunger and VL suppression (adjusted odds ratio [AOR]=0.67; 95% confidence interval [CI]: 0.42–1.08; P=0.098). By comparison, the model using standard selection techniques (Model 2) identified nine potential confounder variables for inclusion in the final model, and the association between hunger and VL suppression was not significant after adjustment (AOR=0.77; 95% CI: 0.44–1.33; P=0.349).
Table 16.2

Multivariate Analysis of Factors Associated with Plasma HIV RNA Suppression Among HIV-Positive Illicit Drug Users Receiving ART in Vancouver, BC (n = 406)

	Variable
	Plasma HIV RNA≤50 copies/mL (Model 1: DAG confounder selection)
	Plasma HIV RNA ≤50 copies/mL (Model 2: standard confounder selection)a


	AORb
	P-Value
	AORb
	p-Value


	95% CIc
	95% CIc




	SELF-REPORTED HUNGER


	Yes versus no
	0.67 (0.42–1.08)
	0.098
	0.77 (0.44–1.33)
	0.349


	AGE


	Per 10 year increase
	1.95 (1.41–2.68)
	<0.001
	1.81 (1.22–2.69)
	0.003


	GENDER


	Male versus female
	1.50 (0.92–2.45)
	0.104
	1.39 (0.78–2.47)
	0.269


	HOMELESSNESS


	Yes versus no
	0.42 (0.18–0.97)
	0.042
	0.49 (0.19–1.28)
	0.148


	EDUCATION


	≥High school versus other
	–
	–
	1.68 (0.57–5.00)
	0.348


	MONTHLY INCOMEd


	≥$1,050 versus<$1,050
	–
	–
	0.74 (0.44–1.25)
	0.263


	MONEY SPENT ON DRUGS PER DAYd


	≥$60 versus<$60
	–
	–
	0.72 (0.43–1.23)
	0.232


	SYMPTOMS OF DEPRESSIONe


	Yes versus no
	0.99 (0.61–1.61)
	0.962
	1.15 (0.65–2.04)
	0.627


	DAILY ALCOHOL USEd,f


	≥4 drinks versus<4 drinks
	1.10 (0.66–1.84)
	0.719
	–
	–


	ANY DRUG BINGEf


	Yes versus no
	–
	–
	1.60 (0.45–1.28)
	0.303


	CD4 CELL COUNT


	Per 100 increase
	–
	–
	1.54 (1.32–1.80)
	<0.001
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HIV RNA, human immunodeficiency virus ribonucleic acid.

aSee Anema et al. [29] for multivariable model adjusted for 95% adherence.

bAdjusted odds ratio.

cConfidence interval.

dBased on median split.

eWithin last week of interview.

fWithin last 6 months of interview.



We demonstrated that a conventional manual backward stepwise variable selection approach and the knowledge-based approach inherent in DAG methodology yielded a different set of variables for inclusion in a regression model seeking to evaluate the impact of hunger on VL suppression in a sample of drug users. This difference highlights the potential utility of DAGs for reducing bias in variable selection and draws attention to the fact that variable selection for multivariable models can be strengthened through the iterative knowledge-based application of DAGs. We argue that the DAG results are less biased and generate the best possible effect estimate. AORs from our DAG-selected multivariable model are similar to those we published in AIDS Care [29], confirming that the DAG approach is superior.

We found DAGs were instrumental in clarifying the roles of several variables. The initial DAG identified CD4+cell count as a “collider variable,” and the six-step methodology eliminated it as a potential a confounding variable. Failure to identify this could have resulted in conditioning on a common effect, or collider bias [40]. Under this circumstance, controlling for CD4+cell count in statistical analysis would have introduced a spurious (nondirected) association between hunger and VL suppression. The initial DAG also identified adherence to ART as an intermediate variable, with a direct path between hunger and nonadherence and an indirect path from hunger to VL suppression. Although, in DAG theory, it is possible to control for a variable lying on the causal pathway when estimating the total causal effect [15], in this case, doing so may have introduced bias in a multivariable model, and it would be advisable to exclude this variable from a multivariable confounder models and to explore its potential roles as effect modifiers. As pointed out by Kaufman et al. [41], partitioning of a total effect into direct and indirect effects is only valid with an additional restriction that the population contains no units in which exposure and intermediate variables interact to cause the outcome—that is, where hunger and nonadherence or symptoms of depression interact to cause VL suppression. In this scenario, statistical adjustment of adherence or symptoms of depression may have resulted in blockage of the indirect path (from exposure to outcome), biasing the true relationship between hunger and VL suppression. Final variables identified using the six-step algorithm suggest that only age, gender, homelessness, symptoms of depression, and alcohol use should be included in a model examining the impact of hunger on VL suppression in this population sample. On the basis of existing evidence, symptoms of depression and alcohol use may not be genuine confounders, as they have been theorized to be variables on the causal pathway between food insecurity and adverse HIV treatment outcomes [36]. A multivariable confounder model seeking to assess the potential impact of hunger on VL suppression, controlling for DAG-defined confounders, should take into consideration that statistical inference values may underestimate the true association between exposure and outcome variable. Future studies could consider applying a causal Mediation Formula to understand the extent to which the effect of food insecurity on VL may be mediated by mental health disorders and alcohol drug use, which has been shown to be applicable to nonlinear models for discrete and continuous variables and which allows assessment pathway-specific effects with few assumptions about data distribution patterns [42]. Applying the DAG methodology, spending greater than or equal to $60 per day on drugs and having a low monthly income were excluded from the final set of adjustment variables on the basis that their presence theoretically precedes the onset of hunger. Age and homelessness were selected as important confounders for adjustment in both the statistical and DAG-based approaches. This finding reinforces the importance of controlling for these variables in a multivariable model examining the impact of hunger on VL suppression in this and similar population samples.

There are several limitations to the above DAG-based confounder selection procedure, which are implicit to the use of DAGs. First, the construction of a DAG requires having evidence of the causal relationships between variables, which, by definition, can only be generated through RCTs. Most studies that have examined the relationship between social determinants of health, notably between food security and HIV clinical outcomes, have been observational; gaps in understanding remain about the direction of causality between these variables. For example, although laboratory studies have demonstrated a causal relationship between CD4 cell count and HIV RNA suppression [43], the association between CD4 cell count and food insecurity has only been observed in select cross-sectional studies [28,44]. The relationship between hunger and daily illicit drug use has only been identified in univariate analysis within cross-sectional studies among HIV-negative illicit drug users and remains highly plausible but still hypothetical [45]. Finally, the relationship between adherence and VL suppression has been demonstrated in longitudinal cohorts [46,47], whereas the relationship between adherence and food insecurity has only been observed in cross-sectional studies [23,28,48]. Another limitation is that DAG methodology cannot yield any estimate of effect size or direction of effects. Researchers must therefore resort to traditional statistics and P values to understand the unique relations between different variables (i.e., through repeated univariate analyses). Finally, DAGs cannot account for large numbers of covariates where there is little prior information available to establish the interrelationship between variables, and additionally, for variables that may have joint effects.

A novel approach has recently been proposed to combine DAG-based methodology and change-in-estimate procedure to select variables for adjustment in multivariable models [49]. This proposed strategy leverages the background knowledge inherent in DAG processes and statistic-based approaches to strengthen biomedical researchers’ communication about assumptions and uncertainties in the model building process [49]. Future studies seeking to evaluate the impacts of social determinants such as food insecurity on HIV outcomes should consider the use of DAGs to clarify the role of variables under consideration and refine final sets of variables for adjustment using this mixed methods technique.
16.4 Conclusion
This chapter demonstrated the potential usefulness of DAGs for identifying confounders in studies assessing the impact of social determinants on health. Drawing on a case study that sought to evaluate the impact of hunger on HIV RNA nonsuppression among HIV-positive illicit drug users receiving ART, we described how the selection of confounders using standard techniques and DAG-based approaches yielded a different set of variables for adjustment in final multivariable models. Qualitative analysis of the discrepancy between these two techniques suggested that reliance on statistical procedures alone could introduce bias by adjusting for variables that are, in fact, “colliders,” intermediate variables on the causal pathway or are variables that causally preceded the exposure variable. We highlighted the importance of considering DAG-based methodologies in confounder model selection and pointed toward future directions in how social determinants of health analyses can be strengthened through a mixed methods approach.
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Chapter 17
Nutritional Treatment Approach for Children with HIV Receiving ART
Erika Aparecida da Silveira and Marianne de Oliveira Falco,    Faculty of Medicine, Post-Graduation Program in Health Sciences, Federal University of Goias, Goias, Brazil


Estimates indicate that about 3.3 million HIV-positive children aged to 14 years worldwide. The use of antiretroviral therapy (ART) reduces infectious complications and increases the survival of children with HIV, although there is an increase in metabolic abnormalities caused by exposure to ART. Thus, the nutritional therapy should be part of every treatment protocol for HIV-positive children receiving ART and to women exposed to ART during pregnancy, even if they are HIV negative. This chapter discusses the evidence and recommendations for the weaning process, nutritional status, food intake, and use of multivitamins and micronutrients with the aim of maintaining health status and reducing the risk of cardiovascular disease. Along with a small number of specific research studies on the topic, this chapter will be helpful in thinking about approaches for clinical nutrition, consideration of public policies and actions for the prevention of health issues, and the direction of future research to increase quality of life for this group of children.
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17.1 Introduction
The global epidemic of human immunodeficiency virus (HIV) infection is a worrisome issue, especially with regard to HIV infection in children. Estimates indicate that 3.3 million children up to 14 years old are HIV positive, and about 90% of these live in sub-Saharan Africa [1,2]. Most were infected through mother-to-child vertical transmission during labor or breastfeeding [3]. Access to antiretroviral therapy (ART) for children up to age 15 in low-income countries increased by 11% between 2011 and 2012. At this same period, the increase for adults was 21% [4].

Even after the expansion of access to ART, only 33% of the 1,550,000 children eligible to receive ART [4]. The benefits of increased access of ART reflect the reduction in mother-to-child vertical transmission rates. Between 2005 and 2012, 800,000 children were protected from infection [4]. The mother-to-child vertical transmission program includes guidance to avoid unwanted pregnancies in women with HIV, prevention of HIV transmission from HIV-positive mothers to their children through the introduction of ART, and cesarean delivery, as well as guidance, care, support, and treatment for mothers, children, and their families [3,5]. The program should be part of prenatal assistance, seeking to provide optimal care and ensuring the welfare of both mother and child so that the child’s survival is guaranteed, especially when the mother’s adherence to treatment in the postpartum period and during lactation is still deficient [3]. All this planning aims to improve the quality of life of children exposed to HIV infection and to promote their adequate growth, maturation, and development [5].

Adherence to ART and taking care to follow the measures to prevent or reduce vertical transmission of HIV through breastfeeding will ensure better survival of their children [6,7]. Therefore, weaning should be only indicated when complementary feeding is accessible, feasible, and appropriate to both mother and child. Otherwise, exclusive breastfeeding should be maintained until the child is 6 months of age and may be extended up to 12 months [5].

The use of ART reduces infectious complications and increases the survival of children with HIV [4,8]. Moreover, evidence suggests that children with acute or severe malnutrition who are receiving ART have higher mortality rates and worsened immune system [9–11]. Even with initiation of ART, loss of appetite may occur, worsening the nutritional status and predisposing the child to opportunistic infectious diseases [4,12].

As in adults, ART in children may also have side effects such as dyslipidemia, lipodystrophy, and insulin resistance. These metabolic disorders may result in increased cardiovascular diseases in the medium and long terms as well as reduced bone mineral density [13–19]. Metabolic abnormalities are triggered by exposure to ART [20], which can result in increased morbidity and even mortality in the long term [5]. Children between 6 and 11 years of age, especially sons of mothers who received ART and remained HIV negative, showed significantly higher prevalence of dyslipidemia (38%) compared with children not exposed to HIV (11%), even without differences in height, body mass index, and dietary habits [21].

Taking into consideration such aspects as metabolic disorders and nutritional status at the start of ART, particularly malnutrition, and providing nutritional therapy to children is an important clinical approach that will help prevent comorbidities and improve of quality of life. In this chapter, we discuss the evidence on the nutritional therapy for children with HIV who are on ART.
17.2 Dietary Intake and Nutritional Status
Assuming that HIV positive children with clinical and immunological stability would present similar food consumption to uninfected children, a cohort study in the United States evaluated the dietary intake in children older than three years old between 1995 and 2004. Dietary intake was assessed every three or six months and nutritional counseling were carried out. At baseline, energy and protein intake were above the requirements for ideal weight, with significantly higher energy consumption among boys than girls. Regarding nutritional status, obesity was more prevalent among girls, reaching 11.8%. During the follow-up, the total caloric intake and protein amount decreased significantly in both sexes but remained higher than requirements for ideal weight. Thus, reduction of obesity was not statistically significant. In girls, a general improvement in diet profile with reduced energy intake from consumption of carbohydrates and fats was observed. In conclusion, this study demonstrated inadequate dietary pattern in HIV-positive children, which can be improved by nutritional counseling [22].

Food consumption evaluation in children over three years of age on ART in Brazil has shown that energy intake was 120% higher than the requirements for age and sex. It was also observed elevated total cholesterol intake and low fiber intake among boys [23]. Another study conducted in Brazil with children and adolescents aged between seven and 17 years, found high consumption of polyunsaturated fats, cholesterol and proteins, low consumption of fiber, vitamin C and calcium and caloric intake 50% higher than the energy requirements for adequate weight. Regarding anthropometric measures, a high prevalence of stunting was detected, although weight was within normal parameters [24].

In overweight HIV-positive children, nutritional counseling into routine care can modify the usual intake and nutritional status. Motivational strategies and food and nutrition education based on behavioral nutrition should be adopted for the treatment to be effective in both genders, not only in girls, as indicated by the aforementioned research.
17.3 Complementary Feeding, Formulas, and Malnutrition
In Malawi, children with HIV receiving ART were weaned from exclusive breastfeeding and put on early complementary feeding. The substitute for breast milk was composed of peanut butter, powdered milk, sugar, vegetable oil, and 22 vitamins and minerals. The children received 75–100 g/day of this mixture. All the children in the study had an increased incidence of fever and diarrhea and worsening of anthropometric measures, with progressive reduction in height and weight during follow-up. However, the anthropometric measurements in the children in this study were still better compared with children without HIV [26]. The results of this study reinforced the importance of breastfeeding but also demonstrated that the substitute food is efficient and safe for those without HIV.

In Tanzania, a clinical trial was conducted in malnourished children (mean age 36 months) with no infectious complications; and 58% of the children were on highly active ART (HAART). These children were supplemented with ready-to-use therapeutic foods (RUTF). RUTF is a food supplement of high caloric density, with varying nutritional compositions containing regional foods such as corn and peanuts. Its use is recommended for children undergoing rehabilitation of nutritional status without infectious involvement [27]. Supplementation for 4 months resulted in adequate weight for age and height parameters in 97% of children, reflecting the effectiveness of reducing malnutrition. Both children on ART and ART-naïve children recovered their nutritional status, although those on ART had greater weight and height gain [28].

In Brazil, children on ART aged between 12 and 72 months were supplemented with whey protein to verify changes in immune status response. The intervention contained 79% protein, 4.8% lactose, and 9–12% lipids, corresponding to 20% of the recommended protein for age. After 6 months of supplementation, this clinical trial demonstrated improved immune response and reduced incidence of acute infections resulting from complications of HIV [29].

As the two above-cited studies have shown, in children on ART, introduction of complementary and substitute foods appears to have a positive impact such as improvements in weight and height compared with healthy or ART-naïve children. The use of complementary formulas during the weaning process did not reduce morbidity from infections. Improvement of immune status was observed with the introduction of whey protein in the daily diet. The inclusion of complementary foods such as formulas with good-quality protein and micronutrients seems to be an important therapeutic strategy to correct malnutrition in children receiving ART. Infectious processes were evaluated in very different contexts, by increasing morbidity prevalence rates and better immunologic parameters, but the findings do not allow for any inference or recommendation.
17.4 Vitamins and Minerals

17.4.1 Iron
Iron deficiency is a public health problem. It is the most prevalent nutritional deficiency around the world, present in both developed and developing countries, with the highest prevalence in food-insecure areas [30]. The prevalence of anemia in HIV-positive children ranges between 50% and 91% and remains high even after initiation of ART [31]. Additionally, it is an independent predictor of HIV infection progression and mortality in this population [31,32].

Anemia in HIV is multifactorial, associated with food insecurity, malnutrition, opportunistic infections, and deficiencies of micronutrients such as vitamins A and B12, copper, and folate. In India, 52.5% children with HIV, aged between 2 and 12 years, had anemia, which in 38.1% was iron deficiency anemia and in 38.1% anemia of inflammation caused by HIV infection [33]. Anemia was associated with low weight and height, low CD4 counts, and a high viral load. In this study, children were evaluated for the association between initiation of ART and anemia. In those with an indication for ART, treatment was initiated, and those with anemia were given supplementary iron. After 6 months, a significant increase in hemoglobin was evident [33].

In South Africa, children aged between 3 and 14 years receiving ART were followed up for 18 months. During the follow-up, there was a significant improvement in height, CD4 count, animal-derived protein intake, and hemoglobin concentration, and the viral load became undetectable. Children with total protein intake higher than 20 g/day had a significantly lower risk for developing iron deficiency. However, total protein intake higher than 20 g/day was not sufficient to reduce the incidence of iron deficiency, which increased from 15.2% to 37.2% at the end of follow-up. The results point to the need for iron supplementation because only the increased consumption of foods with high bioavailability of iron was not sufficient to prevent iron deficiency progression in children with HIV receiving ART [34].

In the above studies, even if it is possible to verify the positive results in relation to an increase in hemoglobin through iron supplementation or increased intake of foods with high iron bioavailability, its effect is questionable because of the concomitant initiation of ART. The same question could be asked with regard to the improvements in inflammatory markers and anthropometric measurements in the study by Kruger et al. [34].

A meta-analysis that assessed children on ART and controls not infected with HIV found lower iron deficiency among those on ART compared with children without HIV, that is, the HIV-negative children were less prone to anemia [35]. It is argued that the expansion of access to ART and prevention of secondary infections are fundamental strategies in reducing the prevalence of anemia [31].

The results of studies on the effect of iron supplementation in children with disabilities or anemia are still incipient, but in general, supplementation seems to have a positive impact as long the child is not malnourished and clinically unstable. For the future, it would be important to know the effect of iron supplementation along with iron-rich foods that have good bioavailability, in association with different ART regimens, nutritional status, and HIV/AIDS stage.
17.4.2 Zinc
Zinc is a trace element that is of critical importance in ensuring the survival of children as it improves immunity and promotes growth and development of the nervous system [36].


Despite the relevance of zinc to the immune system, research on supplementation is well established only in adults [37], and studies in children, especially in those on ART, are scarce [38].

A randomized double-blind clinical trial provided supplementation of 20 mg/day of zinc for 24 weeks to children with HIV over 6 months of age, who had a high viral load and were started on ART. The placebo and the intervention groups received a daily dose of multivitamins according to the Recommended Dietary Allowances (RDAs). There was an increase in serum zinc levels in both groups, but it was not significant compared with baseline. Zinc supplementation did not have a positive impact on the CD4 count, viral load, and anthropometric indices [39].
17.4.3 Vitamin D and Calcium
Bone abnormalities such as osteoporosis, osteomalacia, osteopenia, and growth deficits are found in children and adolescents with HIV, although their causes are unclear.

Cholecalciferol assists in maintaining bone tissue aggregation and also participates in the processes that promote inflammatory modulation [41]. Vitamin A deficiency is associated with increased risk of progression of HIV infection and increased risk of death [42,43].

The prevalence of vitamin D deficiency in children has been the focus of many studies [44,45]. Skin color, seasonality, sex, BMI, CD4+<500 cells/mm and ART use may influence the maintenance of adequate serum 25 (OH) D [42,43,46,47]. There are a variety of terms and cutoffs to characterize insufficiency and deficiency of 25 (OH) D in the literature, the most used are<10 ng/dL for deficiency and between 10 and 30 ng/dL as insufficiency [43,48]. Once there is no standardization in scientific publications, we will mention only the values and not the classification.

In a study conducted in the United States with children and young adults (5–23 years old), 85% were taking ART and 89% had serum 25 (OH)<30 ng/dL [46]. In Paris, a study carried out with children and young adults (2–24 years old) under ART, detected 25 (OH) D levels<30 ng/dL in 97.6% of the sample, of which 38% had serum 25 (OH)<10 ng/dL [47]. Another study with children and adolescents aged from three to 18 years old found 25 (OH) D levels<30 ng/dL in 85% of the sample, and 75% were under ART use [49].

With regard to clinical trials of vitamin D3 supplementation in children and/or young adults, there is no consensus on the dosage to achieve the appropriate 25 (OH) D serum levels or any immunological improvement. A six-month supplementation of 800 IU/day and 1600 UI/day of vitamin D3 showed a significant increase in 25 (OH) D levels in both groups, with greater effect in the 1600 UI/day group. Before starting supplementation, nutritional counseling was performed in order to adjust calcium intake. No improvement in CD4 levels and viral load were observed after supplementation [49]. These results differ from another study in which there was an improvement in immune status with 4000 UI or 7000 UI/day vitamin D3 supplementation for 52 weeks, also effective in achieving adequate 25 (OH) D levels. Furthermore, there was an improvement in inflammatory parameters after six weeks with 7000 UI/day of vitamin D3 supplementation and after 12 weeks in the 4000 UI/day group [50].

With supplementation of 100,000 IU of cholecalciferol (vitamin D3) every two months and 1 g/day of calcium for two years, there was an increase in bone mineral content and mineral density, although with no significant difference in two years of supplementation [51]. Another study with individuals aged between 4–24 years have also supplemented 100,000 UI of vitamin D3, however the intervals between doses vary according to the initial 25 (OH) D level. After 12 months, the dosing scheme was effective to achieve 68% of the 25 (OH) D requirement without risk of toxicity [52].

As part of nutritional therapy for skeletal abnormalities, lifestyle modifications are indicated, including healthy eating habits and regular physical activity. Nevertheless, the fact that 90% of children with HIV live in a food-insecure situation is worrisome [44].

Routine assessment of calcium intake and serum levels of 25(OH)D is of extreme importance in children with HIV. Supplementation with vitamin D3 is an important strategy in the adjustment of requirements and prevention of risk factors for bone disease. The required dose of supplementation with vitamin D, according to the RDA, is 600 IU for the healthy population [53]. However, for children with who are receiving ART, this dosage may not be sufficient to achieve adequate levels of 25(OH)D, as indicated by the studies [52]. The use of vitamin D as an immunomodulatory agent has not yet been studied well to make any inferences for children with HIV. More research in the future may make this relationship clearer.


Box 17.1

Dosing Scheme of Vitamin D3 Supplementation According Initial 25 (OH) D Serum Level, Proposed by Foissac et al. 2014

	Initial 25 (OH) D serum level	Vitamin D3 dose	Dosing scheme
	<10 ng/dL	100,000 UI	First 30 days: one dose every two weeks	After 30 days: a dose of three at three months until completing 12 months
	10 to 30 ng/dL	A dose of three at three months through completing 12 months


[image: Image]



17.4.4 Micronutrients
Vitamins, minerals, and trace elements are essential for the proper development of a child. In particular, vitamin A, iodine, iron, zinc, and folic acid play crucial roles in health maintenance. The United Nations Children’s Fund (UNICEF) recommends government actions for micronutrient supplementation, with long-term investment to benefit the greatest number of children. Supplementation is an affordable option for the promotion of adequate levels of micronutrients [37].

A clinical trial in children with HIV in Uganda, aged between 1 and 5 years, provided supplementation for 6 months with twice the RDA for 14 micronutrients: vitamins A, B1, B2, niacin, B6, B12, C, D, and E; folate; zinc; copper; iodine; and selenium. The control group was given the RDA for vitamins: A, C, D, B1, B2, and niacin. The children were randomly assigned on the basis of receiving or not receiving ART. In both the intervention and control groups, no difference was observed with regard to mortality, stage of HIV infection progression, and anthropometric variables. Thus, micronutrient supplementation at twice the RDA or per the recommended standard doses for vitamins were ineffective in relation to assessed outcomes in those receiving ART and in the ART-naïve group [54].

In India, children under 15 years were daily supplemented for 6 months with copper 25 mcg, zinc 5 mg, 10 mg selenium, 38 mcg iodine, and the following vitamins: vitamin A 1.2 IU; vitamins B1 and B2 0.75 mg, 0.5 mg, respectively; vitamins B6 and B5 1.25 mg, B12 0.5 mcg, respectively; vitamin D 100 IU; and vitamin E 2.5 IU. Children under 6 years were supplemented with 5 mL/day and those aged 6 years or more with 7.5 mL/day. In children on ART supplemented with multivitamins, an improvement on CD4 count was observed. Statistically significant improvement in HIV infection progression, the clinical stage, and nutritional status were not found [55].

Studies investigating and highlighting the benefits of ART in children are broad and well founded [7,12]. However, there are few studies investigating the effect of multivitamin supplementation in children on ART [39,54,55]. It would be of great importance develop clinical trials on the benefits of multivitamin supplementation to HIV-positive children on ART, to the aims being treatment improvement and prevention of health issues.

17.5 Metabolic Abnormalities
Metabolic abnormalities, beginning with exposure to ART in the womb [21], extending over time with ART use, predispose the child to lipodystrophy, dyslipidemia, and insulin resistance [18]. The prevalence of metabolic abnormalities in children with HIV on ART varies between 20% and 70% [19,56,57] and of lipodystrophy around 25–51% [58–60].

HIV infection has become a chronic disease in children because of prolonged survival resulting from ART and also because of its adverse effects [19,56]. Because of the deleterious effects of metabolic changes, prevention of morbidity, in the short term and the long term, is important to avoid further complications in adulthood [16]. Atherosclerotic disease is the major comorbidity that culminates in death among adults with HIV on ART [61]. Studies dealing with proposals for treatment of metabolic abnormalities in children and adolescents are scarce. Some studies that addressed this proposal or the data on prevalence and associated factors are discussed below.
17.5.1 Lipodystrophy
A cross-sectional study in Rio de Janeiro, Brazil, in children (mean age 10.6 years) on ART evaluated the association between food consumption and lipodystrophy. The presence of lipodystrophy was significantly associated with high consumption of fats and sugars and low intake of fruits and vegetables according to RDAs for age [60].

The Working Group of the Office of the AIDS Research Advisory Council proposed, in 2014, adequate caloric intake, low intake of fats in general, and physical activity, as measures for treatment of lipodystrophy in children with HIV [62].

A broad literature research did not reveal any studies proposing nutrition therapy, with or without supplementation, for children with HIV on ART. The recommendations from studies in this field are still based findings from adult subjects with HIV and are being implemented in the management of children with HIV. Further studies that are exclusively in children are, therefore, warranted.
17.5.2 Insulin Resistance
The prevalence of insulin resistance (IR) ranges from 6% to 36% in HIV-infected children on ART. For the prevention and treatment of IR, lifestyle modification, regular physical activity, adequate intake of fats and simple carbohydrates are recommended [62]. More accurate data on nutrition therapy for the treatment of IR in children with HIV on ART could not be found.

17.5.3 Dyslipidemias
Children exposed to ART are twice as likely to develop hypercholesterolemia, depending on the current ART regimen [63]. Prevalence of dyslipidemia varies between 20% and 50% in children on ART [62].

Dyslipidemia prophylaxis should be initiated from birth with nutritional counseling and lifestyle modification for infants, but without dietary restriction until age 2 years [64,65]. From age 2 years onward, besides lifestyle modification, low lipid dietary intake and 60 min or more of aerobic exercise are recommended [14,18]. It is not known to what extent sports activity can reduce TC and LDL-C levels. However, as for adults, it is indicated both for the prevention and as adjuvant treatment of dyslipidemia in children and adolescents [64,65].

Below are some recommendations from the American Heart Association for children and adolescents with metabolic abnormalities who do not have HIV infection [64]. These recommendations do not differ from those from Ministry of Health of Brasil for antiretroviral therapy in children and adolescents infected with HIV [65] and the Working Group of the Office of AIDS Research Advisory Council [62] for children with HIV on ART.


[image: ent] In children older than 2 years, dietary intake should not have excess calories but be sufficient to maintain healthy growth and development. The daily amount of total fat must be between 25% and 35% of total calories consumed, comprising 10% saturated fat, 10% polyunsaturated fat, and 20% monounsaturated fat.

[image: ent] In cases of severe hypercholesterolemia, with TC above 150 mg/dL and LDL-C exceeding 100 mg/dL, more restrictive diets are recommended. Dietary intake should provide 30% of daily calories from fat, 10% saturated fat and cholesterol to 100 mg/1,000 calories (maximum 300 mg/day) [62,64].

[image: ent] When TC is above 150 mg/dL and LDL-C exceeds 130 mg/dL, the recommendation is that dietary intake may provide up to 20% of calories as fat, up to 7% saturated fat and 60 mg/1,000 calories (maximum 200 mg/day) of cholesterol [62,64].

[image: ent] For children with LDL-C above 130 mg/dL, the recommendations are lifestyle change and adequate dietary intake low in fat: of the total calories, less than 7% saturated fat and less than 200 mg of cholesterol [62,64].

[image: ent] Intake of polyunsaturated fats and monounsaturated fats, omega-3 fatty acids, and fiber-rich foods should also be encouraged in the treatment of dyslipidemia in children with HIV on HAART [62,64,66]. Garlic extract has been used to treat dyslipidemia, although there are no conclusive results with regard to its benefits [64].



The prevalence of increased triglycerides, that is, hypertriglyceridemia, varies from 34% to 71.4% in children on ART. No specific studies of nutritional treatment for hypertriglyceridemia in this group of children could be found. Nevertheless, there are some recommendations such as encouraging increased consumption of canola oil [64]. Modification of diet composition, with increased consumption of complex carbohydrates, and physical exercise are recommended for the prevention and treatment of hypertriglyceridemia [18,62].

Data on metabolic changes are scarce, and some are inconclusive [14,67]. However, there is general consensus with regard to the importance of reducing total daily fat for the control and prevention of dyslipidemic changes and as adjuvant treatment [18,64]. Due to lack of studies with proposed changes to nutritional therapy in the treatment of lipid metabolic abnormalities, pediatric associations and institutions seem to have chosen to extrapolate the recommendations for children with metabolic disorders who are not on ART to those who are.
17.6 Conclusions
Nutritional therapy is an essential part in the recovery of nutritional status and treatment of metabolic disorders in children with HIV on ART. Also, it provides preventive care to those exposed to the virus and ART in utero, for proper growth and development and for the control of risk factors for cardiovascular disease in adulthood.

Nutritional care must be established during the weaning process not only to prevent vertical transmission via breastfeeding but also to ensure proper levels of macronutrients and micronutrients. The use of formulas in complementary feeding is an important and promising method to achieve the recovery and maintenance of anthropometric parameters, but at the present time, there are no findings that support that this measure improves the immune system. Despite the importance of formulas and complementary foods, with or without micronutrient supplementation, in the processes of weaning and nutritional status recovery, the importance of breastfeeding for at least 6 months, especially in areas of food insecurity, must be emphasized.

Nutritional care with replenishment of micronutrients is essential, as their deficiency promotes immune suppression and changes in nutritional status. Recommendations on proper dosage, frequency, and duration of supplementation with micronutrients and multivitamins to ensure adequate serum levels and prevent infectious processes are not yet well established based on studies in children on ART.

Particular attention should be given to iron, since its deficiency is the second largest hematologic abnormality in HIV-positive children. Although studies on micronutrient supplementation are inaccurate, iron replenishment is a criterion for nutritional and immune status recovery, as established by the WHO and the UNICEF.


The prevalence of metabolic abnormalities in children on ART continues to be of concern, as reflected in the increased morbidity and mortality in adults and the increasing the risk of cardiovascular and bone diseases. Vitamin D deficiency, a risk related to bone health, is still being investigated, mainly with regard to the proper dosage that provides greater mineralization of bone tissue. Although there are recent recommendations for the treatment of dyslipidemia, IR, and lipodystrophy in children without HIV infection, there are no specific recommendations for HIV-positive children. The data available in the scientific literature that are primarily related to lipodystrophy and the redistribution of body fat are still very preliminary and are not useful to make specific recommendations for children with HIV on ART.

In the presence of dietary excesses and imbalances, nutritional counseling to promote healthy eating habits will make a significant contribution toward promoting adequate nutrient intake and reduction of obesity.

The consensus among the health care community is that nutritional intervention is vital in the presence of malnutrition, overweight, micronutrient deficiencies, anemia, and metabolic abnormalities. There is a clear need for nutritional therapy as an adjunct to drug treatment of children with HIV. Nutritional therapy has an important role in countries or regions with food insecurity as well as in developed countries with problems such as obesity, metabolic disorders, and cardiovascular risk in the long term.
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Chapter 18
Nutrition Therapy for Adults with HIV on ART
Erika Aparecida da Silveira and Marianne de Oliveira Falco,    Faculty of Medicine, Post-Graduation Program in Health Sciences, Federal University of Goias, Goias, Brazil


This chapter presents evidence on nutrition therapy for adults human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) who are receiving antiretroviral therapy (ART) and all the ramifications and targets of this intervention for their complex health status, which includes metabolic abnormalities, cardiovascular risk, gastrointestinal disorders, dyslipidemia, vitamin D deficiency, bone health, immune response, changes in body composition, and lipodystrophy. The effects of dietary intervention and supplementation with a variety of micronutrients such as zinc, selenium, probiotics, vitamins A and D, and multivitamins, among others, with regard to the side effects of ART or the complications of the disease itself are addressed. The results of interventions depend on the stage of disease progression, nutritional status, and ART regimen for each intervention and its dosage. Along with aspects of recent research, the paths to an even more effective nutritional and clinical management are discussed.
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18.1 Introduction
The expansion of access to antiretroviral therapy (ART) has provided treatment to more than 5.6 million people since 2010, mostly in African countries and in India. By the end of 2013, nearly 12.9 million people had received ART worldwide. It is estimated that since its start in 1995, ART prevented 7.6 million deaths worldwide, more than half in sub-Saharan Africa alone. With increasing life expectancy, HIV infection has now become a chronic disease [1].

In the United States and Canada also, ART has significantly increased survival among HIV-positive adults. Life expectancy increased from 36.1 (2000–2002) to 51.4 (2006–2007). A 20-year-old HIV-positive person on ART in these countries has a life expectancy that approximates that of the general population [2].

ART has resulted in a reduction in morbidity arising from immunodeficiency and opportunistic infections, thus increasing quality of life. However, the widespread use of this therapy has caused an increase in metabolic abnormalities such as dyslipidemia, insulin resistance (IR), glucose intolerance, and redistribution of body fat, referred to as lipodystrophy syndrome. The chronicity of HIV/AIDS implies higher incidence of cardiovascular and bone diseases [3]. Diarrhea and other gastrointestinal disorders are persisting even after the advent of ART, both as side effects of medication and as a result of the infection itself. In addition to these adverse effects, another worrying aspect is the increasing prevalence of obesity, especially among young people, contributing to the worsening of metabolic abnormalities in patients with HIV [4]. Obesity is becoming increasingly common in individuals with HIV and is frequently associated with atherosclerosis, central obesity, and lipodystrophy [5].

A subgroup of patients that requires serious consideration in this regard comprises older adults with HIV/AIDS, which is increasing in numbers in this worldwide epidemic, either because of increasing lifespan due to better access to ART or a progressive increase in the incidence of HIV infection in individuals older than 50 years [6,7]. Patients on ART experience an accelerated aging process, greater and crescent accumulation of fat, loss of muscle mass, functional limitations, and frailty [7–9].

The nutritional aspects of HIV treatment have gained more attention in recent years, mainly because of the side effects of ART: increased visceral fat, lipodystrophy, and metabolic disorders such as dyslipidemia and IR, often influencing cardiovascular risk in addition to the risks to the immune system. Efforts such as the development of guides to control dyslipidemia are underway. The AIDS Clinical Trials Group recommends diet and physical activity as first-line treatments. Nutritional therapy is still the greatest ally in the treatment of metabolic abnormalities arising from ART and in the recovery from malnutrition, which is still prevalent because of immune system failures or due to inadequate access to ART in particular regions [10–12].

A systematic review examined the effect of nutritional therapy on metabolic changes arising from ART in adults living with HIV/AIDS, including dyslipidemia, IR, lipodystrophy, and hypertension. Nutritional interventions most commonly used were diet therapy, diet and exercise, diet and supplement, and supplement only. The most widely used supplements were chromium nicotinate and omega-3. In this review, dyslipidemia was the outcome that had the largest number of investigations, which primarily evaluated the effect of omega-3 [13].

Adjuvant treatments for the “new” profile morbidities following the advent of ART and HIV/AIDS chronicity have still to be determined [14]. In this context, this chapter intends to discuss the importance of nutritional therapy for patients with HIV on ART. Also, the effects of dietary intake of specific nutrients and supplementation on adults on ART are evaluated, presenting scientific evidence in the area as well as knowledge gaps and controversial findings. This discussion is not intended to be exhaustive, nor does it attempt to delve into the numerous expected outcomes in HIV/AIDS treatment, given the complexity of the immunologic factors and the various clinical, metabolic, and body compositions presented by patients, especially in the context of ART. This topic is broad and diverse because more and more research on the supplementation of specific nutrients or diet modifications are published and new hypotheses proposed at a significantly growing rate.
18.2 Dyslipidemia and Insulin Resistance
Among the metabolic changes resulting from ART use, dyslipidemia and IR are associated with increased cardiovascular risk [11]. In the general population, dietary interventions with nutritional counseling and omega-3 sources have an important role in the treatment and prevention of these metabolic disorders [15]. Some studies have sought to determine whether the same effect can be achieved in people living with HIV/AIDS (PLWHA) on ART as in the general population. The primary focus of research in this area are on hypertriglyceridemia, probably because of its association with a higher risk of atherogenesis and its function as a biomarker of cardiovascular disease, in addition to its association with increased risk of myocardial infarction in patients with HIV [16].

A systematic review of nutritional therapy for metabolic changes in patients with HIV on ART found a study that evaluated its effect on IR and another on its effect on hypertension (Table 18.1) [13].


Table 18.1

Results of Clinical Trials with Dietary Intervention for Insulin Resistance and Hypertension





	Study (author, year of publication, country)
	Results


	Insulin resistance
	Hypertension




	Aghdassi et al., 2010, Canada [17]
	↓ Insulin resistance compared with baseline (−0.43)
	–


	Fitch et al., 2006, United States [18]
	–
	↓ Systolic pressure in IG compared with CG (−13 vs.+4 mmHg)







[image: Image]



IG, intervention group; CG, control group.

Source: From Ref. [13].


18.2.1 Dietary Intervention
An observational study in patients with HIV who had metabolic abnormalities assessed food consumption and confirmed that saturated fat intake was associated with triglyceride (TG) levels [19].

Some guidelines recommend dietary interventions for PLWHA on ART, especially those with dyslipidemia [20,21]. Therefore, we present evidence from some randomized trials to consider the effectiveness of these interventions on ART-associated dyslipidemia.


Diet and exercise did not reduce TG and other lipid parameters in a randomized clinical trial with 52 patients with HIV on ART who had hypertriglyceridemia with 4 weeks of follow-up [22].

A randomized clinical trial (n = 28) in HIV-positive adults on ART with metabolic syndrome evaluated the effect of a lifestyle modification program with counseling by a nutritionist and physical activity. The intervention was based on the recommendations of the American Association of Clinical Endocrinologists and the National Cholesterol Education Program (NCEP) Adult Treatment Panel III, promoting healthy eating, with emphasis on reduction of saturated and trans fats, and encouraging consumption of foods rich in omega-3. After 6 months of follow-up, systolic blood pressure was found to have decreased significantly, but the same was not observed for dyslipidemia and fasting glucose [18].

An intervention based on caloric restriction and exercise for 12 weeks was conducted in women with obesity. The effect on metabolic para-meters was evaluated, but no significant improvements in fasting glucose, insulin, insulin sensitivity, and lipid profile were observed [23].

A study conducted in Brazil, with 3 months of follow-up, evaluated the effect of a bioactive compound composed of 20 g of oat bran, 10 g soy protein and 10 g of flaxseed on dyslipidemia in adults with HIV/AIDS on ART. No significant effects on cholesterol, low-density lipoprotein (LDL), and TG were observed [24].

Another clinical trial with 12 months of follow-up assessed the efficacy of dietary intervention on lipids in adults with HIV who were started on ART (n = 83). The dietary intervention was based on the NCEP recommendations. In the control group, TG levels, cholesterol, and LDL increased. TG decreased in the intervention group. High-density lipoprotein (HDL) did not change in both groups. Only after 6 months of intervention, significant differences between groups in TG, cholesterol, LDL, and dyslipidemia levels were observed, and the difference remained at 12 months. After 1 year, 21% of those in the dietary intervention group had dyslipidemia compared with 68% of controls. Thus, the study concluded that in patients with HIV on ART, diet helps prevent dyslipidemia [25].

A recent systematic review concluded that there is insufficient evidence to prove the effectiveness of lifestyle modifications or diet alone on metabolic abnormalities, including dyslipidemia [13]. The same was observed in another review in 2009, which demonstrated the absence of conclusive findings with regard to the effect of diet on dyslipidemia [26].

As observed earlier, studies on small samples of patients with dietary intervention for lesser than 6 months did not find a significant difference. The positive effect of dietary intervention on dyslipidemia has been demonstrated only in a study with a higher number of patients and more than 6 months of follow-up. Therefore, it is necessary to conduct more randomized clinical trials with follow-up for a period longer than 6 months to confirm the effectiveness of dietary intervention on HIV-positive patients on ART.

Below are some of the recommendations of the European AIDS Clinical Society (EACS) guidelines on dietary counseling, necessary in the prevention and treatment of metabolic abnormalities in PLWHA, especially with regard to dyslipidemia, hypertension, and metabolic syndrome. We emphasize the importance of the application of these recommendations on the basis of the dietary and clinical profiles of each patient (Box 18.1).


Box 18.1

EACS Guidelines on Dietary Counseling for the Prevention and Treatment of Metabolic Abnormalities

Dietary Interventions
[image: ent] Limit intake of saturated fat, cholesterol, and refined carbohydrates.
[image: ent] Reduce total fat intake to less than 30% and dietary cholesterol to less than 300 mg/day.
[image: ent] Emphasize consumption of fish, poultry (without skin), and lean meat.
[image: ent] Choose and prepare foods with little or no salt. Aim to eat less than 1,500 mg of sodium per day.
[image: ent] Emphasize intake of vegetables, fruits, and grain products with fiber.
[image: ent] Persons who are obviously overweight should be motivated to lose weight. Starvation diets are not recommended (immune defense mechanisms are potentially decreased). Refer to a nutritionist.

Adapted from Ref. [21].



A healthy diet that includes fish, maintenance of body weight within body mass index (BMI) range of normal weight, physical exercise, tobacco use cessation, and reduction of alcohol consumption are important measures that should be emphasized during consultations especially to improve HDL and TG levels. These recommendations are particularly relevant for those who already have dyslipidemia, diabetes, and high cardiovascular risk [21].
18.2.2 Omega-3
Research on the consumption of fats has progressed significantly. The influence of fatty acids on human health is becoming increasingly known. For the general population, there is already enough evidence that fish oil, rich in omega-3, reduces TG levels [27,28]. Low HDL-C and elevated TG levels have been reported in PLWHA. For individuals with HIV, the use of fibrates is recommended when TG levels are greater than 500 mg/dL [20,29]. The use of fish oil and the use of medications such as fenofibrate, gemfibrozil, and atorvastatin were compared in relation to the reduction of TG levels in a prospective study of cohort of adults in clinical treatment, in which 77.3% were on ART and had mean baseline TG 347 mg/dL. After 6 months, the use of fish oil had decreased TG levels, although it was less effective than fibrates. Fish oil is an alternative treatment for those who cannot tolerate fibrates or have moderate levels of hypertriglyceridemia [30].

Systematic review found that supplementation with omega-3 is effective in reducing hypertriglyceridemia in PLWHA on ART and that fibers may have a protective effect [26].

Adults with high TG levels (200–499 mg/dL) were randomized to two groups. For 8 weeks, both groups received meals, with 6% saturated fat, 9% polyunsaturated fat, 10% monounsaturated fat, 30% of total calories from fat, 55% carbohydrates from whole grains, fruits and vegetables, 30 g/day of fiber, 15% protein, and 75 mg of cholesterol per 1,000 kcal/day. The intervention group also received supplementation with 4 g of fish oil per day (eicosapentaenoic acid [EPA] 2,400 mg and docosahexaenoic acid [DHA] 1,600 mg/day), with a 112 mg/dL reduction in TG levels. In the placebo group, TG levels remained elevated, although the composition of the meals was as recommended by the NCEP-TLC. The authors concluded that the diet in the NCEP-TLC standard plus fish oil is an appropriate intervention to control TG levels in HIV-positive patients on ART [31].

A randomized study of 52 HIV-positive patients on ART with hypertriglyceridemia supplemented the subjects with omega-3 (EPA 1,750 mg and DHA 1,150 mg), in addition to diet and exercise. A significant reduction in TG levels was observed. LDL levels increased with supplementation, both in weeks 4 and 16 and did not change with dietary counseling and exercise [22]. A similar result was found by Woods et al. [32], who provided supplementation with omega 3.6 g/day plus dietary intervention to 54 patients with elevated TG and abnormal values in insulin sensitivity. In the intervention group, TG levels decreased to around 180 mg/dL and remained stable in the control group. Insulin decreased, though not significantly.

A clinical trial investigated the effect of supplementation with 4 g polyunsaturated fatty acids (PUFAs) in patients with HIV on ART for 12 weeks. Both the intervention and placebo groups were given fibrates to treat pre-existing hypertriglyceridemia. PUFA intake significantly reduced TG levels [33].

A randomized placebo-controlled trial evaluated the effects of 3 g fish oil per day (EPA 540 mg plus DHA 360 mg) on 83 adults with HIV on ART, with a mean TG level of 180 mg/dL and fasting glucose less than 126 mg/dL. Small doses of omega-3 without dietary intervention were found to have not altered the lipid profile and IR at week 24 of follow-up [34].

A systematic review and meta-analysis concluded that supplementation with omega-3 and dietary intervention reduce TG levels in adults with HIV. Omega-3 also lowers cholesterol but does not alter the levels of LDL and HDL. The study also found that the 25% reduction in cholesterol with omega-3 is very similar to a 30% reduction caused by fibrates in the general population and thus may be a first-line alternative to fibrates, which are not well tolerated by some patients and often interact with protease inhibitors. The reduction of total cholesterol levels with the use of omega-3 supplementation may avoid the need for statins and thus their adverse effects [20]. After stratifying the results of clinical trials on the use of omega-3 and cholesterol, concomitant use of statins (lipid-lowering medication [LLM]) did not reduce cholesterol, whereas regimens without LLM reduced cholesterol significantly. Therefore, an antagonistic effect may exist between LLM and omega-3 [35].

A systematic review analyzing the effect of dietary interventions on metabolic disorders in PLWHA concluded that omega-3 can reduce TG levels with more than 3 g/day of supplementation. Also, dietary intervention along with supplementation of omega-3 was able to raise HDL levels. Inferences could not be made with regard to IR. Evidence is insufficient to draw conclusions about the effect of lifestyle modification on metabolic changes [13].

On the basis of the evidence presented here, omega-3 supplementation in conjunction with dietary intervention promotes reduction of TG. However, to achieve the desired effects, it seems to be necessary to supplement with doses greater than or equal to 1,080 mg/day of EPA and 720 mg/day of DHA.

The Academy of Nutrition and Dietetics has described the important role of fatty acids in physiologic functions. For the healthy adult population, it recommends 20–35% of ingested energy from fat, with limited intake of saturated and trans fats (higher risk of diseases) and increased consumption of polyunsaturated fats, especially omega-3, which is beneficial to health. The consumption of fatty acids, including omega-3, should be through foods such as oily fish, nuts, and chestnuts. The Academy of Nutrition and Dietetics also emphasized the important role of nutritionists in collecting scientific information on food practices to accomplish these recommendations. Thus, in the context of HIV/AIDS, this seems an appropriate recommendation based on findings from previous research in this population [15].

Table 18.2 presents information extracted from a systematic review, including the consolidated results of clinical trials on the effects of nutritional therapy, with or without supplementation of omega-3, on dyslipidemia.



Table 18.2

Results of Clinical Trials of Nutritional Intervention for Dyslipidemia





	Author/year of publication/country
	Results found


	TG
	TC
	HDL
	LDL




	Aghdassi et al., 2009, Canada [17]
	↓ TG in IG compared with baseline (−48 mg/dL)
	NS
	NS
	NS


	Woods et al., 2009, United States [32]
	↓ TG in IG compared with baseline (−70 mg/dL) and to CG (−70 vs. +30 mg/dL)
	↓ TC in IG at week 3 compared with baseline (−22 mg/dL) and to CG (−22 vs.+5 mg/dL)
	NS
	↑ HDL in IG at week 13 compared with baseline (+5 mg/dL)


	Baril et al., 2007, Canada [36]
	↓ TG in IG compared with CG (97 vs.+27 mg/dL)—double-blind phase
	↓ TC in IG compared with baseline (−15 mg/dL)—double-blind phase
	NS
	NS


	Truchis et al., 2007, France [37]
	(−100 mg/dL) and compared with CG (−100 vs.+10 mg/dL)—double-blind phase
↓ TG in CG at the end of double-blind phase (−150 mg/dL)—open phasea


	NS
	NA
	NS


	Carter et al., 2006, Australia [38]
	↓ TG in IG compared with CG (−269 vs.−61 mg/dL)
	NS
	NA
	NA


	Fitch et al., 2006, United States [18]
	NS
	NS
	NS
	NS


	Wohl et al., 2005, United States [22]
	↓ TG in IG at week 4 compared with baseline (−155 mg/dL) and to CG (−155 vs.+11 mg/dL)
↓ TG in IG at week 16 compared with baseline (−157 mg/dL)


	NS
	↑ LDL in IG at week 16 compared with baseline (+26 mg/dL)
	NS







[image: Image]



TG, triglycerides; IG, intervention group; CG, control group; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NS, not significant; NA, not assessed.

aAll subjects received the intervention in the open phase of the study.

Source: From Ref. [13].


18.2.3 Niacin
Niacin, or vitamin B3, which has pharmacologic properties, is one of the oldest lipid-lowering drugs that has been prescribed for more than 50 years [39,40]. It can reduce levels of plasma lipids and lipoproteins, thereby slowing the progression of atherosclerosis and cardiovascular diseases [39]. The NCEP-ATP III has recommended the use of niacin or fibrates to treat hypertriglyceridemia [27]. Niacin is also recommended for the treatment of hypercholesterolemia, to reduce total cholesterol and LDL levels and increase HDL levels [40]. The effect of niacin in patients with HIV still remains underinvestigated.

A clinical trial in HIV-positive adults with hypertriglyceridemia with a 24-week follow-up examined the effect of niacin (500 mg/day) plus lifestyle modifications (diet and exercise). No significant change in TG levels was found, although there was improvement in the HDL profile and adiponectin [41].

Another clinical trial evaluated the effect of extended-release niacin on endothelial function in patients with HIV on ART who had low HDL levels and were not taking fibrates or statins. The dose of niacin was gradually increased from 500 to 1,500 mg/night for 12 weeks. Endothelial function was assessed by measuring vasodilation of the brachial artery flow in relation to the amount of HDL. A significant increase in HDL levels was observed in the intervention group [42].

There is little evidence on the use of niacin for treating dyslipidemia in PLWHA on ART.
18.2.4 Cysteine
The studies regarding the use of cysteine are yet very preliminary. The only clinical trial that evaluated its effect was carried out with a small sample of eight men aged over 50 years, all receiving ART. They were supplemented with 0.81 mmol/kg/day of cysteine and 1.33 mmol/kg/day of glycine for 2 weeks. At the end of follow-up there was a significant improvement in LDL levels and insulin sensibility [6].
18.2.5 Chromium
Chromium is an essential micronutrient in the metabolism of glucose and lipids and has an effect on insulin. Thereby, its deficiency may be related to IR and dyslipidemia [43]. It is believed that chromium can have a positive effect on the metabolic changes in PLWHA, but evidence with regard to this is insufficient.

A clinical trial evaluated the effect of 400 µg/day of chromium nicotinate for 16 weeks on IR, metabolism, and composition in HIV-positive patients with homeostatic model assessment–IR (HOMA-IR). The results were positive, with a significant reduction observed in HOMA-IR, insulin, glucose, TG, HDL and LDL cholesterol, and total body fat mass [17].
18.2.6 Vitamin D
In a double-blind clinical trial, patients with HIV who were older than 18 years, were on ART, and had vitamin D deficiency were supplemented for 12 weeks with 4,000 IU of cholecalciferol. At the end of follow-up, there was a significant reduction in total cholesterol, LDL-cholesterol, and IR [44].
18.3 Body Weight, Body Composition, and Lipodystrophy
In HIV-positive patients, in addition to dyslipidemia and IR, central obesity and lipodystrophy are other metabolic disorders that result from not only the disease itself but also the long-term use of ART [45]. Lipodystrophy is characterized by redistribution of body fat, with fat accumulation (lipohypertrophy) occurring in the abdominal and dorsocervical (buffalo hump) regions and fat loss (lipoatrophy), mainly subcutaneous fat, occurring in the face, buttocks, and limbs [46]. These changes may occur concurrently with the loss of lean mass, which leads to increased risk of opportunistic infections [47].

Because of this “new” nutritional status pattern in PLWHA, which is no longer severe emaciation and malnutrition, study with HIV-positive men from the Canadian population found a prevalence of overweight in 52% and obesity in 15%. All had at least one metabolic disorder. There was no association between dietary patterns and obesity or overweight [48].

Another study, which evaluated an ambulatory cohort of adult PLWHA in Brazil, with 68.5% on ART, found the following nutritional status data: 5.6% underweight, 28.9% overweight, and 4.8% of obesity, as measured by BMI [49].
18.3.1 Dietary Intervention
Some studies have investigated the roles of dietary interventions and nutritional counseling in the treatment of HIV-positive adults on ART and their effect on changes in body composition or lipodystrophy [18,23,25].

An intervention based on caloric restriction and exercise for 12 weeks was conducted in women with HIV who were obese to evaluate the effect on body composition, fat distribution and metabolic risk factors. A reduction in weight and adiposity in subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) was observed [23].

A clinical trial in malnourished adults in Ethiopia after ART initiation; fat supplementation with micronutrients, according to the recommended dietary allowance (RDA), and 16% protein were provided. The control group was given soy isolate as a protein source, and the second group received whey protein. An increase in palmar prehension, weight, and lean mass was observed in both groups [12].

However, some studies evaluated PLWHA without restriction of nutritional status, that is, including individuals who were eutrophic, underweight, overweight, or obese, and the responses to dietary interventions on weight, adiposity, and dietary pattern were also very positive. A clinical trial with 6 months’ follow-up assessed nutritional counseling according to NCEP-ATP III recommendations and physical activity. All patients in the study had metabolic syndrome. Significant reductions were observed in waist circumference and lipodystrophy score [18]. The positive effect of the dietary pattern, which involved reducing fat intake and increasing fiber intake, was investigated in a clinical trial (n = 53) based on nutritional counseling to promote healthy eating [50]. However, some studies that found no effect of dietary intervention on BMI and waist-to-hip ratio (WHR). The intervention was of 12 months’ duration and based on the NCEP-ATP III recommendations [25].

A clinical trial was performed to test the hypothesis that increased dietary intake of protein of high biologic value improves weight and lean mass. The study included 59 adults, whose body weight was stable or who had unintended weight loss of 3%. A 280 kcal supplement with 40 g of whey protein, twice daily for 12 weeks was provided. The control group was isocaloric, with 0.6 g of casein and rapidly absorbable carbohydrates. Supplementation did not increase weight and lean mass, probably due to an autotune in food selection in both groups, that is, no increase in total energy intake. In the control group, there were negative outcomes: increased TG and increased WHR [51].

Malnutrition at ART initiation is a predictor of increased risk of death, independent of immune status [52]. Weight loss, from 5% of the usual weight, predisposes the person to the impact of malnutrition in relation to morbidity [53], even after stabilization with ART and increased metabolism [54]. Careful measures should be taken to aid the recovery of nutritional status in malnourished patients. Inadequate nutritional support and the onset of the intense phase of the infectious process may lead to refeeding syndrome and consequently increase mortality at ART initiation [55] or accumulation of adipose tissue, which could increase the risk of metabolic disorders [56]. Avoidance of refeeding syndrome is an important consideration, especially in those with BMI less than 16 kg/m2 [57].


More investigations are needed to establish the timing of nutritional support and adequate caloric goal [4,12]. Adequate nutritional support and macronutrient supplementation in malnourished adults can improve their immune status, weight, and lean mass. However, according to a systematic review, dietary supplements have been able to reduce the risk of death in malnourished patients undergoing ART [14].

A systematic review conducted by Grobler et al. aimed to examine the effectiveness of interventions with oral macronutrients in reducing morbidity and mortality in adults and children living with HIV infection. Fourteen trials were analyzed (including 1,725 adults and 271 children), and to the review could not evaluate the outcomes of interest, that is, the effects of nutritional supplementation on morbidity and mortality. Therefore, other parameters such as energy consumption, body weight, body composition, and viral load, among others, were evaluated [14]. Among adults with weight loss, those receiving macronutrient supplementation with formulas enriched with micronutrients plus nutritional counseling demonstrated significantly improved consumption of energy and protein compared with those who did not receive supplementation and those who had only nutritional counseling. As supplementation was composed of macronutrients and micronutrients, it was not possible to establish the effect of each intervention or whether the effect occurs only in synergy. No changes in anthropometric and immunologic parameters were observed. Little is reported on the effect of the intervention on BMI. Increased caloric intake is critical, since loss of appetite is common in PLWHA and can result in weight loss. In the studies on adults with healthy weight, macronutrient supplementation showed no effect on food intake and anthropometry [14].

The differences in the studies included in the review with regard to ART use, clinical stage of disease, age, CD4 count, duration of follow-up, the country and its level of food security, different formulations of supplements, and supplemented amounts make it difficult to interpret the results of this systematic review. The evidence presented is insufficient and inconclusive; therefore, more research with larger numbers of participants and longer follow-up are necessary, beyond the analysis of all of the evidence on PLWHA and the interventions already highlighted in this chapter.

Another issue to be considered in nutritional intervention is the increase in resting energy expenditure (REE) in people with HIV [58]. The effect appears to be caused by the HIV infection itself and not by ART use [54]. This aspect should be considered during assessment and nutritional intervention in PLWHA, but more research is needed to estimate REE in HIV-positive patients with and without ART.

The EACS recommends that diet and exercise can reduce visceral adiposity, improve insulin sensitivity, and reduce serum lipids and obesity-associated lipohypertrophy, but there is not enough evidence from prospective studies in patients with HIV to state how much diet and exercise are needed. Even with the benefits arising from lifestyle modification (healthy diet and exercise) in relation to metabolic abnormalities, it is possible they can worsen the loss of subcutaneous fat (lipoatrophy) in PLWHA [21].
18.3.2 Multivitamins
Adequate intake of vitamins and minerals, including antioxidants, is imperative for patients with HIV. Oxidative stress affects the immune system in a negative way, contributing to depletion in CD4 cell count and viral replication. It may interfere with the level of toxicity of the drugs as well. Inadequate supply of vitamins and minerals also contributes to the weakness of the immune system, especially lymphocyte function [59,60].

There are few data concerning micronutrient levels in individuals on ART. Sectional study of 171 men and 117 women on ART detected the prevalence of low serum levels: retinol (5% men and 14% women), alpha-tocopherol (7% men and 0% women), zinc (40% men and 36% women), and selenium (8% men and 3% women). Low levels were defined by the following: retinol less than 30 mcg/dL, selenium less than 85 mcg/L, alpha-tocopherol less than 500 mcg/dL, and zinc less than 670 mg/L [61]. The relationship between micronutrient levels and immune control has been analyzed. The upper quartile of zinc and selenium was associated with lower levels of viral load. There was no association between CD4 counts and micronutrients [61].

A clinical trial conducted in Tanzania supplemented the subjects with high doses of multivitamins (vitamin B, vitamin C and E complex) and found no significant results with regard to mortality and increase in CD4 count. However, because of the increase (although nonsignificant) in mortality in malnourished patients, the study was stopped at 15 months. The initial proposal was for a 24-month follow-up, to be able to evaluate refeeding syndrome [57].
18.3.3 Vitamin D
Vitamin D is important in calcium homeostasis and bone mineralization [62,63]. Although vitamin D participates in lipids metabolism, there are no investigations on vitamin D supplementation and its effects on body composition and adiposity. However, a clinical trial that evaluated the effects of cholecalciferol supplementation in 20 adults with vitamin D deficiency, of which 90% were on ART, included body fat analysis. The supplementation was 2,000 IU of cholecalciferol for 14 weeks, and 1,000 IU in the following 14 weeks. At week 24, there was a reduction in the percentage of limb fat, in relation to the trunk–limb ratio. This difference disappears at the 48th week. When stratified for lipodystrophy, which was reported in 50% of patients, the difference in body fat distribution was not significant. The authors suggested that this should be examined in clinical trials with a larger sample [64].
18.3.4 Cysteine
The evaluation of cysteine supplementation on body composition and parameters of muscle strength is a fairly recent undertaking.

Nguyen et al. evaluated the effect of cysteine supplementation on eight men, aged over 50 years, who were on ART. The clinical trial consisted of 0.81 mmol/kg/day cysteine and 1.33 mmol/kg/day of glycine supplementation for 2 weeks. Significant reduction was observed in fat, fat-free mass, waist circumference, WHR, and increased muscle strength [6].

A systematic review of nutritional treatment for metabolic disorders in adults on ART did not include any article on cysteine supplementation [13].
18.3.5 Glutamine
Glutamine is an amino acid, and it is primarily reserved in muscle tissue. Thus, patients with lean body mass loss are not able to produce enough glutamine [65].

In a clinical trial in Florida, adults on ART who experienced unintentional weight loss of 5% received intervention with 40 g/day of glutamine for 12 weeks. At baseline, all patients received nutritional counseling and intervention with antioxidants: vitamin C 800 mg/day, alpha-tocopherol 500 IU/day, beta-carotene 27,000 IU/day, selenium 280 mg/day, and n-acetyl cysteine (NAC) 2,400 mg/day. There was an increase in mean body weight of 2.1 kg and an increase of 1.3 kg in lean body mass, whereas there was no change in body composition in the control group [66]. The effect of glutamine in conjunction with antioxidants was investigated, not its effect alone.

HIV-positive individuals aged 30–50 years, with unintentional weight loss of 5% in relation of their usual weight, were supplemented with 14 g L-glutamine, 14 g of L-arginine, and 3 g beta-hydroxy-beta-methyl butyrate (HMB) for 8 weeks in a clinical trial. At the end of follow-up, the control group showed loss of lean body mass, and in the intervention group, weight gain and an increase in lean body mass were observed. No increase in muscle strength was evident [67]. Another study evaluated if a combination of these supplements could have any toxic effect and if its use was safe for health. Multiple hematologic parameters were investigated, and it was concluded that the use of a combination of arginine, glutamine, and HMB is safe to treat muscle wasting in patients with HIV [68].

There is insufficient evidence to support the use of glutamine for improving weight, lean body mass, and muscle strength in HIV-positive adults on ART. It would be relevant to evaluate only the effect of glutamine supplementation on these parameters.

18.3.6 Omega-3
Studies on omega-3 to find evidence of its effect on dyslipidemia have been performed, and a recent study also evaluated its influence on anthropometric parameters and body distribution (body mass index, waist circumference, and waist-to-hip ratio). However, in a clinical trial with 83 adults under ART, with low-dose supplementation of omega-3 (3 g/day) without dietary intervention, no significant difference was observed [34].
18.4 Diarrhea and Gastrointestinal Disorders
Diarrhea, one of the most common clinical disorders in HIV infection, worsens nutritional status and undermines the absorption of micronutrients and antiretroviral medications [1,69].
18.4.1 Dietary Intervention
A study in New York in adults on ART who had chronic diarrhea evaluated dietary intervention with a 50% reduction in fat, lactose, and soluble fiber, in addition to complete elimination of caffeine. At the 24th week of follow-up, a decrease in the frequency of bowel movements and an improvement in stool consistency were observed [70].

A clinical trial in ambulatory patients in Brazil, all on ART, evaluated the effect of dietary intervention on diarrhea and other gastrointestinal disorders (nausea or vomiting, heartburn, dyspepsia, constipation, and flatulence) and found that dietary intervention had a positive effect by reducing diarrhea and heartburn [71].

Further studies are needed to evaluate the effect of use of only dietary interventions on diarrhea and other gastrointestinal disorders in adults with HIV on ART.
18.4.2 Probiotics
Studies on the effect of probiotics in PLWHA are more often conducted on ART-naïve individuals, so little evidence is available for PLWHA on ART.

In 2004, Salminen et al. carried out a crossover clinical trial with 17 patients on ART who had diarrhea for over a month. The effect of supplementation with twice a day Lactobacillus rhamnosus GG 1–5×1010 colony-forming units (CFU) per dose in low-lactose milk for 2 weeks was assessed. There was no significant difference with regard to gastro­intestinal symptoms and frequency and consistency of diarrhea from baseline [72].

A 3-year retrospective observational study assessed consumption of yogurt supplemented with L. rhamnosus (Fiti). The observation was made in individuals who consumed probiotic yogurt at least once a week versus a group of individuals who did not. Seventy percent of the sample subjects were on ART. There was a significant improvement in CD4 count and diarrhea even after adjusting for ART. Patients with probiotic yogurt consumption did not report any gastrointestinal symptoms that disturbed daily life, showed improvement in daily activities, and reported only 1 day of fever per month [73].

Symbiotic supplementation of 12 g/day containing L. casei, L. rhamnosus, L. acidophilus, and Bifidobacterium bifidum strains associated with fructo-oligosaccharides along with nutritional therapy (meal plan prescribed by a clinical nutritionist) was investigated in a 6-month follow-up clinical trial. Among six gastrointestinal disorders investigated, use of symbiotic supplementation plus a meal plan was effective in reduced nausea and or vomiting, dyspepsia, diarrhea, and constipation [71].
18.4.3 Glutamine
Glutamine, which is an amino acid, plays an important role in the functioning of the immune system, rapid replication cells such as intestinal enterocytes, metabolism, and tissue repairing [65]. In this context, some studies have tested the hypothesis that glutamine supplementation in PLWHA can improve nutritional status, with primary effects on diarrhea, and improve CD4 count and viral load.

A double-blind clinical trial conducted in 46 PLWHA aged 18 years on ART in Brazil supplemented 24 g of L-glutamine orally once daily for 10 days. Supplementation improved intestinal absorption due to the significant increase in urinary excretion of mannitol [74].

Another clinical trial conducted in Northeast Brazil evaluated the effect of glutamine and alanyl-glutamine for 7 days on diarrhea in patients on ART. There was a significant improvement in gastrointestinal symptoms and diarrhea [75].

A crossover clinical trial that also supplemented L-glutamine (3 g/day for 10 days) assessed its effect on nelfinavir-related diarrhea severity. In the 25 patients who completed the study, glutamine played a significant role in reducing the severity of diarrhea and improving quality of life [76].

In a study of chronic diarrhea and its association with nelfinavir or lopinavir, 35 men received probiotic supplement 1.2 and 11 g of soluble fiber. Thirty grams of L-glutamine was to be included for the intervention group if the diarrhea persisted after 4 weeks. There was a significant reduction in diarrhea in 36% of patients in the first 4 weeks. After introduction of glutamine, diarrhea was significantly reduced in those who did not respond only with probiotics and soluble fiber [77].

Diarrhea and other gastrointestinal disorders seem to respond well to the use of glutamine and probiotics, but more studies, especially with a larger number of PLWHA and longer follow-up, are needed to define appropriate and safe doses, as well as treatment duration.
18.5 Immunologic Function
Improving immune function is a major challenge in the treatment of HIV/AIDS, and the greatest achievement in that direction is the ART. Nutritional therapy also plays a critical role in this context, even among those on ART. Some evidence with regard to the achievements of nutritional treatment in improving the immune system are discussed below.
18.5.1 Dietary Intervention
Evaluations of dietary interventions effect alone, without the use of supplements such as micronutrients or omega-3, in adults on ART are not found in the literature. Researchers have been seeking evidence on immunomodulatory supplements and not specifically on dietary interventions.

Only one study in obese women with HIV, which had the primary endpoint of finding the association between obesity and metabolic disorders, evaluated dietary intervention, which was based on energy restriction plus exercise, and analyzed some immunologic parameters. After 12 weeks of follow-up, there was no significant improvement in CD4 count or HIV viral load [23].

An observational study in HIV-positive young Americans, 68% of whom were on ART, analyzed food intake for a year. The study detected deficiencies in vitamins A, D, and E; pantothenic acid; calcium; magnesium; and folate. Zinc, magnesium, and riboflavin were associated with CD4 count. There was a negative correlation between caloric intake and CD4 count [4].

A clinical trial in 83 adults on ART evaluated the effect of supplementation of 3 g fish oil per day, without dietary intervention. There was no significant change in immunologic parameters: CD4 count, CD4–CD8 ratio, and HIV viral load [34].

High-fat supplementation with micronutrients in accordance with the RDA and 16% protein—32 g/day of isolated soy protein or whey protein—was analyzed in a 3–month follow-up clinical trial after ART initiation in malnourished adults. The whey protein group showed improvement in the immune state [12].


The intake of alcohol is associated with inadequate levels of CD4. Thus, the intake of alcoholic beverages should be reduced or even excluded [21]. This advice should be highlighted by all health care professionals dealing with HIV/AIDS care, especially the staff doctor and nutritionist.
18.5.2 Multivitamins
Several studies have evaluated the effect of micronutrient supplementation on immune function in PLWHA. In general, several micronutrients interventions appear to improve immune function and CD4 count, delaying the evolution of HIV infection to AIDS [78]. However, this result refers to ART-naïve patients, as most studies supplementing multivitamins are conducted in this group. Because of this, there is little evidence with regard to multivitamin supplementation in patients on ART, as discussed below.

A randomized double-blind clinical trial in 40 HIV-positive Americans on ART evaluated the effect of multivitamin supplementation twice a day for 12 weeks. The supplement contained vitamins (A, C, D, E, B6), minerals (chromium zinc, iron, selenium), NAC, and L-glutamine, among others, over the RDA recommended dosage. There was a significant (24%) increase in CD4 count in the supplemented group compared with the placebo group [79]. A positive effect on CD4 count was also found by Hemsworth et al. [80] in adults on ART supplemented with yogurt enriched with micronutrients (vitamins, iron, selenium, zinc, EPA, and DHA), 25% dietary reference intake (DRI), for 30 days.

Another clinical trial found no significant change in CD4 counts. Adults in Tanzania received supplementation with high doses of multivitamins (vitamin B complex, vitamin C, and vitamin E). There was an increase, although not significant, in mortality in malnourished patients. For this reason, the study was discontinued at 15 months, although the proposal for follow-up was 24 months. It has been suggested that the increase in mortality was caused by refeeding syndrome [57].

The recommended doses of micronutrients for the general population do not seem to be sufficient to fulfill the requirements of those with HIV [81,82]. Investigations to understand the effects of supplementation and determine the proper dosages are underway. Isanaka et al. [57] suggested that supplementation must be within the RDA in patients who are starting ART and that it must be initiated after stabilization of ART.

A review assessed evidence obtained between 2003 and 2010 on the use of micronutrients in PLWHA to inform possible changes in the 2003 WHO recommendations. Considerable heterogeneity was found in relation to the target population and the types and dosage of micronutrients, besides the poor quality of most publications. Only nine surveys were analyzed in the review. Among these, only in the study by Kaiser et al., the effect of multivitamins was evaluated in patients on ART, and the study of Kelly et al. included patients on or not on ART [79,83]. In general, the studies used multiple micronutrients doses above the RDA. Improvement in CD4 count and reduction in mortality were observed, but the authors of the review drew attention to the short duration of the studies [84].

To date, there is insufficient evidence to support the use of high doses of multivitamins, and the number of studies in PLWHA on ART is especially small. Thus, following the RDA seems the most appropriate at this time.
18.5.3 Vitamin A and Beta_Carotene
Vitamin A deficiency is a public health problem, affecting about 19 million pregnant women, with the highest concentration in Africa and Southeast Asia. HIV infection and pregnancy are risk factors for hypovitaminosis A. Vitamin A is important for the strengthening of immune system defenses, for cell reproduction, and for bone and eye health [85].

In pregnancy, vitamin A supplementation may be an intervention that can reduce the risk of vertical transmission of HIV, but the evidence, to date, is inconclusive and, therefore, is not a public health recommendation. Supplementation for children and for pregnant women to prevent night blindness is recommended in areas where vitamin A deficiency is a serious public health problem [85].

Beta-carotene has an important antioxidant role and enhances immune function [86]. Vitamin A in large doses has toxic effects, whereas the carotenoids are self-regulating; however, they must also be given in proper doses, as an excess can have an adverse effect. Supplementation of vitamin A is safe, but an observational study showed that high doses were associated with a worse prognosis of HIV infection [87,88].

Some other observational studies found an association between low levels of carotenoids and vitamin A and the vertical transmission of the virus, progression of the disease, severity of HIV infection, and mortality [89–91]. Deficiency of carotenoids and vitamin A is associated with more rapid progression of HIV and infectious stage of deterioration [92].

Even in developed countries, where it is assumed that the diet is rich in micronutrients, serum concentrations of vitamin A and carotenoids have been found to be low in PLWHA, [81,93], similar to PLWHA developing countries [82].

A double-blind, multicenter clinical study evaluated the effect of supplementation with carotenoids and vitamin A on the health and survival of 331 patients, recruited from the Network of HIV Testing in Canada, who were on conventional treatment, including ART. Both groups in the study received daily oral multivitamins, including vitamin A, but one group received additional doses of carotenoids 120,000 IU, corresponding to 72 mg/day of beta-carotene. At baseline, 16% had a low concentration of carotenoids. Serum carotene doubled in the treatment group after follow-up of 18 months. Survival was significantly higher in those with higher baseline serum carotene concentrations or with higher baseline CD4 counts. Mortality was significantly higher in those who received no extra treatment with carotenoids compared with the intervention group. The low concentration of serum carotene is common in patients with AIDS and is a predictor of death [93].

More research on vitamin A and carotenoids is needed in HIV patients on HAART, to confirm the findings of Austin et al. The recommendation is that the common deficiency in these patients should be corrected with supplementation to improve patient survival, slow disease progression, and strengthen the immune system.
18.5.4 Vitamin D
A double-blind clinical trial in young adults supplemented them with 7,000 IU/day of cholecalciferol. This supplementation resulted in a significant improvement in the immune response and maintained serum 25(OH)D (25-hydroxyvitamin D3) [94]. A similar result was observed by Chun et al. after 12 weeks of supplementation with 4,000 or 7,000 IU of vitamin D. There was an increase in serum 25(OH)D, with better effect found at the end of 52 weeks. The authors suggested that longer periods of supplementation was needed and that supplementation can improve antibacterial immunity in young HIV-positive adults [95].

The studies on vitamin D and immune system improvement are very recent but promising. More studies in young adults will add to the information presented in this chapter.
18.5.5 Zinc
Zinc plays an important role in the immune system, and its deficiency increases the frequency of infections. Adequate serum levels in both genders were associated with better virologic control [96]. Some studies evaluated the effect of zinc in patients with HIV, as this deficiency that is highly prevalent affects over 50% of adults with HIV [61,97].

Supplementation with 15 mg of zinc in men and 12 mg in women for 18 months was examined in 231 adults with HIV who had low zinc serum levels, that is, less than 0.75 mg/mL. Most patients were on ART. There was an improvement in immune response and reduction of diarrhea in more than half of the patients compared with the placebo group. No difference in mortality was observed [98]. Similarly, in the study by Asdamongko et al. supplementation with zinc 15 mg/day for 6 months increased CD4 count in adult patients with low serum levels at baseline. No changes in CD4 count were observed in those with adequate zinc levels [99].


The evidence suggests that zinc supplementation may have beneficial effects in HIV-positive adults, especially those who are deficient.
18.5.6 Selenium
Selenium is an essential mineral with an important role in immune system and enzyme functions and it is also an antioxidant. Lower concentrations of selenium may be associated with mortality [100], increased virulence, and progression of disease in HIV-positive adults [101].

Selenium supplementation (200 mg) was assessed in a double-blind clinical trial conducted in HIV-positive adults in Florida, of whom 67% had a diagnosis of AIDS, and only 25% were on ART. The average pretreatment selenium level was 111.9±12.9 mg/L, that is, adequate. After 9 months of follow-up, serum selenium levels increased significantly, with no adverse effects. Increase in CD4 count, viral load reduction, and slowing of the progression of HIV were observed. The results remained significant after adjustment multivariate analysis for use of ART [102].

Selenium supplementation appears promising as a nutritional treatment strategy in adults with HIV on ART. No adverse effects of supplementation were observed, it is affordable, and it produces a good response in the immune system. However, more studies on the use of selenium are necessary.
18.5.7 Probiotics
The intestinal barrier and the pool of microorganisms are directly related to the immune system, and some studies have evaluated the effect of probiotics, often supplemented through yogurt, on diarrhea, gastrointestinal symptoms, and mainly on the improvement of immune function. Probiotics prevent gastrointestinal infections and improve the intestinal barrier in patients without HIV [103,104].

Adding beneficial bacteria to yogurt may play a role in the nutritional therapy for HIV, even in environments where ART access is recent [80].

In a crossover trial in 17 adults on ART who had diarrhea, enrichment of low-lactose milk with L. rhamnosus GG 1–5×1010 CFU/dose, twice daily for 2 weeks, did not alter CD4 levels [72].

Significant improvement in CD4 count was observed in a retrospective study in consumers of yogurt with L. rhamnosus (Fiti) at least once a week for 3 years. Seventy percent of the subjects were on ART [73]. Another study using yogurt enriched with L. rhamnosus GR-1 in PLWHA on ART proved the positive effect on immune function by increasing the CD4 count. Even when adjusted for duration of ART, the positive effect on CD4 count persisted [80]. Supplementation with probiotics, thus, seems to have a positive effect on the immune system [105].


More research is needed to evaluate the effect of several strains of probiotics on the immune system and viral load in adults on ART, since one study showed no effect, and another two showed significant increase in CD4 count.
18.5.8 Glutamine
The study by Clark with glutamine supplementation+arginine+beta-hydroxy-beta-methyl butyrate showed a reduction in viral load. More evidence on the effect of glutamine on the immune system in patients undergoing ambulatory care and had oral food intake could not be found [67].
18.5.9 Cysteine
In patients with HIV, loss of sulfate and cysteine occurs in the peripheral tissues, as assessed by urinary excretion and sulfate levels in plasma [106]. Some studies have evaluated the effect of supplementation with NAC on the immune system of patients with HIV. A clinical trial evaluated the effect of treatment for 7 months and found improvement in various immune functions in patients on ART, recommending the use of NAC in this group [107]. However, this was the only study on the use of cysteine and immunologic parameters.
18.6 Vitamin D Deficiency and Bone Health
Vitamin D participates in fat metabolism, insulin secretion, and bone mineral composition, and its absorption is impaired by ART. Its deficiency may result in changes in the immune system, skeletal muscle changes, cardiovascular diseases, and increased mortality [63,108].

According to the AIDS Clinical Guidelines of the European Society, 25(OH)D deficiency corresponds to dosages lower than 10 ng/mL (25 nmol/L) and insufficiency to dosages lower than 20 ng/mL (50 nmol/L). Low levels in patients with HIV reaches up to 80% and are associated with increased risk of osteoporosis, type 2 diabetes, and mortality. Loss pf bone mineral density has been observed in PLWHA in the post-ART era. Bone mass reduction is asymptomatic until fractures occur, and its occurrence is higher in PLWHA. The prevalence of osteoporosis is between 10 and 15% in PLWHA [21]. Regular surveillance on bone health should be performed among those with risk factors for osteoporosis such as the following:
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Dual-energy X-ray absorptiometry (DEXA) should be performed on those with classic risk factors, and fracture risk should be assessed by using the Fracture Risk Assessment Tool (FRAX) in men from age 50 years and in postmenopausal women [21].

Given the importance of vitamin D and bone health in PLWHA, some recent studies have investigated, among other factors, the appropriate dose to maintain or restore serum 25(OH)D in PLWHA.

Administration of 50,000 IU of cholecalciferol once a month for 3 months in young adults, was sufficient to maintain serum levels of 25(OH)D between 20 and 50 ng/mL [109]. Another study provided supplementation with 100,000 IU of cholecalciferol, fortnightly in the first month and once a month for 3 months, to young people with 25(OH)D deficiency. This supplementation was sufficient to restore and maintain serum levels of 25(OH)D greater than or equal to 30 ng/dL for 12 months [110].

The effect of intramuscular and oral cholecalciferol supplementation on 25(OH)D levels was evaluated in HIV-positive patients on ART. The monthly doses were intramuscular 300,000 IU and oral 25,000 IU. After 10 months, the two groups had significantly increased levels of 25(OH)D, but these doses were insufficient to treat severe forms of hypovitaminosis [111]. Another study provided cholecalciferol supplementation (300,000 IU) orally for 3 months to assess its effect on markers of bone metabolism in patients with 25(OH)D less than 75 nmol/L, 76% of whom were on ART. The 25(OH)D increased significantly after oral supplementation, and bone turnover markers decreased significantly. Supplementation had a protective effect on bone structure [112].

Therefore, to determine the dose of supplementation, it is necessary to consider the purpose of treatment, comorbidity, the stage of disease, the dosage and regimen of ART [113,114]. Two to three times the DRI of vitamin D is recommended as a maintenance dose for patients with HIV on ART [115], and the European Consensus suggests 800–2,000 IU daily of cholecalciferol [21]. It is important to assess the risk of fractures in PLWHA aged over 40 years every 2 years, using the WHO-recommended FRAX methodology.

The nutritionist should assess dietary calcium (1–1.2 g/day) and vitamin D (800–2,000 UI/day), including in this calculation several foods rich in these nutrients in some parts of the world. Besides dietary vitamin D deficiency, other risk factors such as low sun exposure, dark skin, obesity, and chronic kidney disease should be evaluated. The therapeutic goal is to maintain bone health and adequate levels of 25(OH)D in PLWHA and supplementation of vitamin D in those with low serum levels in the presence of osteoporosis, osteomalacia, and decreased parathyroid hormone may be required. Every 6 months, the patient should be evaluated to find out if adequate levels of vitamin D have been achieved [21].
18.7 Conclusions
Nutritional therapy for PLWHA on ART is quite complex, as there are several health problems that need to be prevented or treated. Because of the extensive dietary interventions and the diversity of the supplements, dosages, and desired health effects, it was a challenge to present all of the knowledge from research conducted in this area. However, even with the vast knowledge available, it is still difficult to determine the best, most effective nutritional therapy to improve the response of the immune system and treat metabolic disorders, gastrointestinal disorders, body composition disorder and lipodystrophy, problems with bone health, and deficiency of vitamins and minerals in HIV/AIDS context.

It is, however, clear that nutritional therapy should be instituted as soon as possible, by a nutritionist working in conjunction with a multidisciplinary team, to treat possible deficiencies of vitamins and minerals and dyslipidemia and to promote adequate nutritional status by achieving a healthier weight and reducing adiposity, especially visceral fat. Besides a careful assessment of the dietary pattern and interventions to promote a healthier lifestyle, treatment of metabolic disorders and enhancement of the immune system are important.

Nutritional therapy should be initiated even in the presence of infection, especially among those with some degree of malnutrition and vitamin and or mineral deficiency. Special care must be taken to avoid refeeding syndrome in more debilitated patients. Nutritional intervention may facilitate slowing of disease progression, contributing to improved health and quality of life in PLWHA.

EACS guidelines propose changes in lifestyle, including dietary counseling and intervention, as the basis of treatment for cardiovascular risk, lipodystrophy, and dyslipidemia [21].

Research in this area is crucial, and several studies are needed to elucidate the effect of various micronutrients such as zinc, selenium, chromium, niacin, cysteine, vitamin A, vitamin D, glutamine, multivitamins, and probiotics. Remembering that the effects of these nutrients should be evaluated according to the nutritional status, disease stage, presence of metabolic disorders, and deficiencies of minerals and vitamins, in addition to the ART regimen. The definition of appropriate and effective dosage is another important aspect of nutritional therapy that needs to be studied.

Supplementation has an important role in treatment, but it is worth noting that a healthy diet and the prescription of a meal plan that is based on the clinical and nutritional characteristics of each patient can help improve health, reduce chronic complications, and slow disease progression. Eating healthy food is always more enjoyable than consuming a pile of capsules. Nutritional therapy has an important role in the care of PLWHA, and in the future, new evidence will further assist clinicians and managers of public health in improving patients’ quality of life and reducing morbidity and mortality.
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Breastfeeding offers many nutritional and immunologic benefits to the infant and is widely recognized to be the optimal infant food. However, it also accounts for up to 40% of all mother-to-child transmission of human immunodeficiency virus 1 (HIV-1) worldwide. HIV-1-infected women are thus advised to completely avoid breastfeeding in the United States and other settings where safe feeding alternatives exist. Since safe replacement feeding is not available in many parts of the world and because breastfeeding provides optimal nutrition and protection against other infant infections, intense research effort is being made to make breastfeeding safe for mothers with HIV-1-infection in resource-limited settings. The effect of antiretroviral (ARV) medication in the mother or in the infant through breastfeeding reduces the risk of postnatal HIV-1 transmission. Nevertheless, a residual risk of transmission remains in spite of the use of the best-recommended antiretroviral therapy (ART) regimens and in spite of viral suppression in the mother. Further approaches to eliminate the risk of transmission, while preserving the many benefits of breastfeeding, still have to be established. Questions that need to be addressed are about optimal agents and duration of ARV prophylaxis, the best weaning practices and whether extended combined maternal and infant ART could maximize benefits. These approaches have to be weighed against risks of exposure to ARV medications in utero and during breastfeeding. Complementary approaches such as inactivating the virus in breast milk, prevention or treatment of co-infections, use of probiotics, and immunoprophylaxis are other approaches to be explored in the future.
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The pediatric human immunodeficiency virus (HIV) epidemic has been transformed by crucial research that has led to tremendous progress in the prevention of mother-to-child transmission (PMTCT) in the past two decades. Great benefits in prevention of such transmission have been achieved, but major challenges do remain. In 2012, there were an estimated 260,000 new infections of human immunodeficiency virus type 1 (HIV-1) in children less than 15 years of age worldwide [1]. Most such cases of HIV-1 infection in children are acquired from their mothers, through mother-to-child transmission (MTCT) in utero, in the intrapartum period, or in the postpartum period through breastfeeding [1]; premastication of food given to infants by care providers with HIV-1 has also caused a limited number of postnatal infant HIV-1 infections in certain settings [2]. As much as 40% of MTCT of HIV-1 still can be attributed to breastfeeding [3,4].

The benefits of breastfeeding are well recognized: breast milk provides optimal nutrition and immune protection during the infant’s first months of life, reducing infant morbidity and mortality caused by diarrheal and lower respiratory infections and protecting against common childhood infections. Breastfeeding also promotes child spacing, which is associated with higher child survival rates [5,6]. These benefits are particularly important in areas where the water supply is unsafe and infant mortality rates are high.

Because of the risk of HIV transmission to the infant through breastfeeding, the US Centers for Disease Control and Prevention (CDC) has recommended, since 1985, that HIV-1-infected women in the United States avoid breastfeeding [7]. Because replacement feeding is safe, affordable, and culturally acceptable for women in the United States and other resource-rich settings, postnatal MTCT of HIV-1 is nearly zero in such settings. For most mothers with HIV-1 infection in resource-limited settings, however, breastfeeding remains the only feasible option for infant feeding, given the presence of issues such as the unsafe water and poor hygiene, cultural norms that stigmatize mothers who do not breastfeed, and the prohibitive costs and lack of availability of infant formula. That is why the World Health Organization (WHO) recommends that in resource-limited settings, women with HIV-1 infection breastfeed their infants if safe formula feeding is not possible [8].
19.1 Factors Associated with Transmission of HIV-1 to the Infant Through Breastfeeding
Transmission of HIV-1 through breastfeeding is a complex and multifactorial process [9,10], influenced by viral factors such as viral load and characteristics and host factors such as genetics, immunity, and behavior (Table 19.1). HIV-1 level in breast milk is one of the most important determinants of risk of transmission through breast milk. HIV-1 is detected both in the cellular compartment of breast milk and in cell-free milk with varying frequencies in different studies among untreated women (39–89%) [11,12]. HIV-1 load in breast milk seems to be highest just after birth [12]. The concentration of HIV-1 in cell-free breast milk is generally lower than in plasma by about 2 logs [11,13]. Highly active antiretroviral therapy (HAART) started during pregnancy or after delivery suppresses HIV-1 ribonucleic acid (RNA) but may not suppress deoxyribonucleic acid (DNA) in breast milk [14,15]. Some studies have suggested that the presence of the cell-associated virus may be a stronger predictor for HIV-1 transmission to the infant than that of the cell-free virus [13,16]. It has also been estimated that there is a twofold increase in MTCT risk for every 10-fold increase in cell-free HIV-1 RNA and a threefold increase in MTCT risk for every 10-fold increase in infected cells harboring HIV-1 DNA [12,13,16–18]. Recent data have suggested that there is little or no compartmentalization of breast milk variants but do indicate local evolution of the virus within the breast (reviewed in Ref. [19]).



Table 19.1

Risk Factors for HIV-1 Transmission from Mother to Infant Through Breastfeeding





	MaternalHIV-1 load in maternal plasma and breast milk
Immune factors in breast milk
Duration of breastfeeding
Type of breastfeeding (exclusive versus non-exclusive)
Clinical and subclinical mastitis, breast abscess, cracked nipples
Abrupt weaning
Maternal CD4+T-cell count
Maternal disease stage
Maternal malnutrition
Primary infection during breastfeeding

InfantGenetic (human leukocyte antigen [HLA] concordance with mother, various single nucleotide polymorphisms)
Host immunity
Infant thrush, oral ulcers
Other infant morbidity
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Breast milk contains many antimicrobial and immunomodulatory factors with diverse effects on HIV-1: some have in vitro anti–HIV-1 activity (including secretory leukocyte protease inhibitor, lactoferrin, RANTES, interferon-γ, and α- and β-defensins), whereas others have proinflammatory activity that might promote local HIV-1 replication (including interleukin [IL]-6, IL-8, IL-7, IL-1β and tumor necrosis factor [TNF]-α) [9,20–22]. Some studies have reported the protective effects of long-chain polyunsaturated fatty acids in breast milk [23]. HIV-1–specific antibodies are detected in breast milk, predominantly of the immunoglobulin G (IgG) isotype [24]. Lower risk of postnatal transmission of HIV-1 to the infant has been associated with the presence of HIV-1–specific secretory IgA and IgM in breast milk in some [25] but not all studies [26–28]. What role HIV-1–neutralizing antibodies in breast milk play in postnatal transmission of HIV-1 to the infant has not been clarified yet [29,30].

Breast milk also contains many immune cell types such as lymphocytes and macrophages with activated phenotypes that express chemokine receptors and mucosal homing markers [31]. The macrophages in breast milk also express, when stimulated with IL-4, DC-SIGN, a dendritic cell receptor for HIV-1 [32], which may play a role in HIV-1 transmission through mucosal membranes [33,34]. There is some evidence that infant HIV-1–specific cytotoxic T-lymphocyte responses may be associated with protection from transmission of HIV-1 through breastfeeding [35].

Longer duration of breastfeeding leads to a higher risk of transmission [4,9,21,36,37]. Some studies suggest that the highest risk of transmission of HIV-1 through breast milk is in the immediate neonatal period [4,11,12,37,38]. A meta-analysis suggested a more constant risk of postnatal transmission of HIV-1 of 0.9% per month after the first of month of life [17]; the risk persists with prolonged breastfeeding [39].

Several studies have shown that postnatal HIV-1 transmission is lower with exclusive breastfeeding compared with mixed feeding [40–42]. This may be the result of damage to the gut mucosa caused by early introduction of non–breast milk foods, which leads to delayed closure of the enterocyte junctions in the intestinal mucosal barrier and to increased intestinal permeability [43]. Infrequent breast emptying, which likely occurs with non-exclusive breastfeeding, may increase the risk of ductal inflammation in the breast, leading to subclinical mastitis and increases in mammary epithelial permeability. Elevations in breast milk sodium, in the absence of clinical symptoms (subclinical mastitis) and symptomatic breast inflammation (mastitis), have been associated with higher levels of HIV-1 in breast milk and increased risk of postnatal transmission [22]. A more recent study, however, indicated that laboratory markers of mastitis such as increased sodium level and cell count are poor predictors of HIV-1 RNA levels in breast milk [44].

Many infant feeding policies previously encouraged women with HIV to wean the infant abruptly to avoid mixed feeding. Abrupt weaning, however, was associated with maternal illness (fever, mastitis) in a study in Zambia [45]. Large increases in breast milk HIV-1 RNA were also observed, indicating that abrupt weaning may expose the infants to a higher risk of HIV-1 acquisition. Several studies also showed that weaning infants at 4–6 months of age was associated with increased morbidity and mortality from diarrhea [46–48]. These results have led the WHO to revise its recommendations about duration of breastfeeding, as is described below [8].

Advanced maternal disease, higher plasma viral load, lower CD4+T cell counts, and poor maternal nutritional status also were shown to increase the risk of breast milk transmission of HIV-1 to the infant [42,49,50]. It has been postulated that malnutrition, poor maternal health, and other concurrent, subacute infections may be contributing factors to breast milk stasis and subclinical mastitis [51–54]. Cracked nipples and infant conditions such as thrush and oral ulcers may also increase the risk for HIV-1 transmission via breastfeeding (reviewed in Ref. [55]).
19.2 Recent Research on Prevention of Breastfeeding Transmission of HIV-1

19.2.1 Approaches in ART for PMTCT of HIV-1 Through Breastfeeding
The landscape of PMTCT of HIV worldwide changed over the last 5 years with the emergence of data from several clinical trials that showed that ARV prophylaxis given either to the infant or to the mother during breastfeeding is highly effective in reducing transmission of HIV-1 to infants through breastfeeding [56–63]. This led to a change in WHO guidelines and widespread adoption of the recommendations to administer ART during extended breastfeeding. We review below the evidence of the beneficial effects of infant and maternal ART in preventing transmission of HIV through breastfeeding.
19.2.1.1 Infant ARV Prophylaxis
Results are now available from observational and randomized clinical trials that evaluated the use of extended ARV prophylaxis in infants of breastfeeding mothers with HIV-1 [56,58,63,64]. The Mitra study was an observational study, in which daily lamivudine was given to the breastfeeding infant for up to 6 months, resulting in a low cumulative HIV-1-infection rate of 4.9% at 6 months [64]. The Six Week Extended-Dose Nevirapine (SWEN) trials, which evaluated the effectiveness of 6 weeks of extended nevirapine given to breastfeeding infants, found a significant reduction in HIV-1 transmission at 6 weeks, compared with the control arm, from 5.3% to 2.5% [56]. However, there was no statistically significant difference of HIV-1 transmission at 6 months between the two arms, suggesting that a longer duration of prophylaxis would be required to protect the infant from ongoing transmission through breastfeeding [56]. The Post Exposure Prophylaxis of Infants (PEPI) trial in Malawi found that extended prophylaxis with either nevirapine or nevirapine plus zidovudine until the infant was 14 weeks of age significantly reduced postnatal HIV-1 transmission compared with the control arm that was administered single-dose nevirapine and 1 week of zidovudine [58]. There were no significant differences in effectiveness in the extended prophylaxis arms in PEPI; however, the nevirapine plus zidovudine regimen was associated with significantly more adverse events, mostly hematologic toxicity [58]. The Breastfeeding, Antiretrovirals, and Nutrition (BAN) study, also in Malawi, evaluated 6 months of extended infant prophylaxis with nevirapine; the estimated risk of HIV-1 transmission through breastfeeding at 28 weeks was 1.7% compared with 5.7% in infants in the control arm receiving single-dose nevirapine and 7 days of zidovudine and lamivudine [63]. The HIV Prevention Trials Network (HPTN) 046 study similarly demonstrated the benefit of 6 months of infant prophylaxis with nevirapine in preventing postnatal HIV transmission, but the benefit waned after prophylaxis stopped but breastfeeding continued [65]. The ANRS 12174 trial in Burkina Faso, South Africa, Uganda, and Zambia, recently released its findings. The study compared prolonged infant periexposure prophylaxis (PreP) with lopinavir/ritonavir (LPV/rv) versus lamivudine (3TC) to prevent postnatal HIV-1 transmission during the full duration of breastfeeding (50 weeks), in 1,273 children born to mothers with HIV-1 not eligible for ART (CD4>350 cells/mm3) (median duration of breastfeeding was 42 weeks). Very low rates of HIV transmission were achieved, with no difference in the two arms (1.39% versus 1.53%, respectively; P=0.83), and both ART regimens were well tolerated [66].

Combined, these results suggest greater protection with longer duration of prophylaxis; furthermore, the regimens used in the studies were safe and are relatively inexpensive. The attempted combination regimen did not seem to add any benefit, but it only increased toxicities. The risks of developing ARV resistance in the infants who become infected are concerning, as resistance may compromise further treatment options for these infants. Indeed, resistance to nevirapine was observed in 92% of infants who became infected by HIV-1 during the first 6 weeks of life (period of nevirapine prophylaxis) in the SWEN study [56,67]. Further studies should evaluate the benefit of adding infant prophylaxis to the WHO Option B or B+(extended maternal ART during the whole duration of breastfeeding) to prevent residual transmission through breastfeeding. Some experts recommend providing a three-drug combination regimen, which is effective in the treatment of infants with HIV, to exposed infants as well. However, this applies to postexposure prophylaxis used in acute exposures, for example, the newborn of a mother who was not on antenatal ART, and the role of such an approach in continued prophylaxis during breastfeeding, particularly when the mother is also on combination ART, is unclear.
19.2.2 Maternal ARV Prophylaxis
Results from observational studies had suggested that maternal ARVs reduced the risk of transmitting HIV-1 to the infant through breast milk [57,59,60]. Results that are now available from several randomized clinical trials prove that maternal ARVs are an effective prophylactic strategy to reduce postnatal HIV-1 transmission [61–63]. Both observational and randomized studies have shown that when ARV prophylaxis is started during the antenatal period, very low rates of postnatal HIV-1 transmission are achievable at 6 months [57,59,61,62,68]. Of all PMTCT studies conducted in breastfeeding populations, the Mma Bana trial, which initiated ART between 26 and 34 weeks of pregnancy in women with CD4+T-cell counts greater than 200 cells/mm3, had the lowest rate of infant HIV-1 infection at 6 months, with a cumulative infant transmission rate of just 1% [61]. In contrast, in the BAN study, which enrolled women with CD4+T-cell counts greater than 250 cells/mm3, maternal prophylaxis was not initiated until labor or delivery; the HIV-1 transmission rate to the infant in the maternal-ARV arm was 2.9% between 2 and 28 weeks, which was significantly lower than the transmission rate in the control arm (5.7%) [63]. Taken together, these results suggest that maternal prophylaxis needs to start antenatally to achieve maximal reduction of postnatal HIV-1 transmission to the infant.


Although maternal ARV prophylaxis is effective in reducing postnatal HIV-1 transmission, this benefit needs to be considered along with any harm or discomfort the regimen may pose to the mother. Maternal toxicities, HAART interruption at the end of breastfeeding, and poor adherence may increase the mother’s risk of developing resistance and limit her future treatment options [69,70]. Also, failure of such prophylaxis poses the risk of transmission of a resistant virus, limiting the infant’s future treatment options—indeed, 67% of infants infected postnatally in the KiBS trial had a drug-resistant virus [60,69]. Some ARV agents enter breast milk—zidovudine is present at levels similar or slightly lower than those in maternal plasma, nevirapine levels are about 70% those in maternal plasma, 3TC concentration in breast milk is at levels three to five times those of maternal plasma—whereas protease inhibitors (PIs) have very limited penetration [71]. Breastfed infants may, thus, be ingesting subtherapeutic levels of ARVs present in breast milk, which leads to the risk for development of resistance. Other prophylactic ART regimens in the nursing mothers with HIV-1, including tenofovir, tenofovir/emtricitabine, efavirenz, and lopinavir/ritonavir combinations are being evaluated for their safety and efficacy in a number of ongoing and planned trials [63,72,73]. As we will discuss below, extended maternal ARV prophylaxis during breastfeeding is now recommended by the WHO [74].
19.2.3 Immune-Based Approaches
The results of vaccination and passive antibody studies have not been particularly encouraging so far. The trials of ALVAC live-attenuated constructs vCP205 and vCP1452 showed that immunization of neonates was well tolerated and induced lymphoproliferative responses, cytotoxic T-cell responses, or both in 40% and 75% of the infants, respectively [74]. The HPTN recently completed a phase I randomized trial evaluating the safety and immunogenicity of an HIV-1 vaccine candidate using a canary pox vector (ALVAC-HIV vCP1521) in infants born to mothers with HIV-1 in Uganda. Sixty breastfed infants were randomly assigned to receive four injections of the vaccine or placebo during the first 3 months of life. The results of the trial showed that HIV-exposed infants are capable of generating low levels of cellular immune responses to the ALVAC vaccine but showed minimal antibody responses and no neutralizing antibodies [75]. Plans are underway for a phase I/II trial in Kenya to evaluate the safety and immunogenicity of an MVA-HIV-1 vaccine in breastfed and formula-fed uninfected infants of mothers with HIV-1 [76]. A trial in Uganda evaluated a different approach, that of passive immunization: HIV-1 immune globulin (HIVIGLOB) was given as an infusion to mothers at 36–37 weeks of pregnancy and to the newborn and was found to be safe and well tolerated [77]. This was compared with daily administration of nevirapine for 6 weeks to the infant in a recently completed phase II/III trial; results, however, showed no additional benefit from HIVIGLOB [78].
19.2.4 Inactivation of HIV-1 in Breast Milk
Inactivation of HIV-1 in breast milk may provide for a nutritionally adequate and safe alternative to traditional breastfeeding for mothers with HIV-1 in some settings, particularly on an interim basis in certain circumstances, for example, when a preterm or ill newborn is unable to breastfeed, when the mother has mastitis or is otherwise unable to breastfeed, or when the mother tries to stop breastfeeding [79]. Several methods to inactivate the virus have been proposed, including chemical and heat treatment processes. A preliminary study of treating breast milk with sodium dodecyl sulfate has shown promise [80]. A number of studies have been successful in inactivating HIV-1 in breast milk with heat treatments. Placing breast milk in glass jars in boiling water for 12–15 min, a method called Pretoria pasteurization, was shown to be effective in reducing bacterial contamination and inactivating HIV-1 in breast milk [81–84]. Another study demonstrated that flash-heating (heating milk in a water bath to 100°C, removing it when water reaches a rolling boil, and then allowing it to cool) inactivates cell-free HIV-1 in naturally infected breast milk from women with HIV-1, and this could be done using an outdoor fire or in a kitchen [85]. Heat-treated milk appears to have a comparable nutritional and immune composition to untreated milk; however, this needs further assessment [86]. Additionally, this method does not destroy cell-associated HIV in human milk [84]. Further studies are needed to address logistical issues related to treatment of expressed breast milk in a more definitive way.
19.2.5 Nutritional Factors
Even though evidence from randomized trials indicates that maternal supplementation with high-dose vitamin A may increase the risk of MTCT of HIV [87] and thus vitamin A cannot be safely recommended, supplementation with vitamins B-complex, C, D, and E; zinc; and selenium may be protective against MTCT of HIV in women who are nutritionally or immunologically compromised (reviewed in Ref. [88]). Some other breast milk factors that have been recently identified as modulators of the MTCT risk include complex oligosaccharides that carry the Lewis antigen glycan, long-chain n-6 polyunsaturated fatty acids, and erythropoietin [88]. All these micronutrients and factors can potentially be supplemented, but the efficacy of this approach needs to be tested in randomized clinical trials.

Whether micronutrient supplementation could offer additional benefits when administered together with ARV prophylaxis or ART is an important research question that was recently evaluated in the BAN study. This study randomized women to six study arms in a 2 (lipid-based nutrient supplements [LNS] or no LNS)×3 (mother, infant, or no ART) factorial design. Interventions were provided during breastfeeding for 28 weeks after delivery. The LNS contained peanut butter, nonfat milk powder, sugar, vegetable oil, and multiple micronutrients at recommended daily allowance (RDA) levels for lactating women. The study found that women on ART from 0 to 28 weeks after delivery experienced greater weight loss compared with women not on ART and that the provision of LNS to women on ART mitigated the negative effect of the drugs on maternal weight [89]. LNS and a variety of B vitamins provided during lactation to mothers with HIV-1 had beneficial effects on maternal weight but very little effect on infant growth or micronutrient status. Furthermore, ART given to lactating mothers had direct negative effects on specific micronutrients such as folate and eliminated the beneficial effects of LNS on several micronutrients.

The effects of combination ART on micronutrients and on the absorption of LNS, a nutritionally complete food supplement, are concerning and warrant further study for two key reasons. First, women with HIV in low-resource settings have many micronutrient deficiencies from the combined effect of poor dietary intake, HIV infection, and the high burden of other diseases and co-infections such as malaria and tuberculosis. Second, an increasing number of countries are in the process of adopting lifelong ART (the so-called “Option B+”) for all pregnant women found to have HIV infection [90–92]. The rapid roll out of Option B+in more than 15 African countries means that a large number of women will be placed on ART for life, which could have implications for their own health and their future pregnancies. However, safety data on potential adverse outcomes such as birth defects in infants of women with HIV receiving preconception ART are limited [93]. In addition, micronutrient deficiencies lead to increases in maternal and infant mortality, birth defects, decreased resistance to infection, impaired growth, and reductions in school performance and work capacity. One particular concern is that the inhibitory effect of ARVs on folate levels in lactating mothers could lead to more neural tube defects in pregnancies that occur after the women have been on ARVs for an extended period. There is a need for more information about ART and women’s nutritional status that could help inform policies.
19.2.6 WHO Recommendations for HIV-1-Infected Mothers in Resource-Limited Settings
The WHO Recommendations have undergone many revisions over the years as scientific knowledge has accumulated and clinical trial results have become increasingly available in this rapidly evolving field. In 2009, the WHO revised PMTCT guidelines for mothers with HIV-1 in resource-limited settings [8]. These guidelines emphasized the importance of initiation of lifelong ART in eligible women and offered two prophylaxis options, Options A and B, for women who had CD4+T-cell count of at least 350 cells/mm3 and did not require ART for their own health. Both options required CD4 measurement during antenatal care to distinguish women who required ART for their own health from those requiring only prophylaxis. Malawi, however, announced it would pursue a modified strategy, proposing Option B+, a novel approach in which all pregnant and breastfeeding women with HIV-1, regardless of their CD4+T-cell count, would be started on lifelong ART with a once-daily, fixed-dose combination regimen of tenofovir with lamivudine or emtricitabine with efavirenz. In 2012, the WHO released a PMTCT update stating that “Options B and specifically B+are likely to prove preferable to Option A for operational, programmatic, and strategic reasons.” The 2013 WHO consolidated ART guidelines [74] recommend that all pregnant and breastfeeding women with HIV be initiated on combination ART with a fixed-dose combination of tenofovir, lamivudine, and efavirenz, regardless of CD4+T-cell count, and that breastfed infants receive daily nevirapine for 6 weeks. The new guidelines emphasize that ART should be maintained for the duration of MTCT risk and lifelong for those meeting treatment eligibility (CD4+T-cell count<500 /mm3). This was designated as a “strong recommendation” [74]. A “conditional recommendation” is to maintain ART lifelong in all pregnant and breastfeeding women with HIV. Therefore, women may either receive lifelong treatment regardless of clinical status or stop if they do not meet country-specific treatment eligibility criteria (“Option B”). This decision is to be made at the national level [74].

With regard to breastfeeding duration, it is recommended that infants not infected by HIV exclusively breastfeed for 6 months, be introduced to appropriate complementary foods thereafter, and continue breastfeeding for the first 12 months [74]. Breastfeeding should only be stopped once a nutritionally adequate and safe diet other than breast milk can be provided. Mothers with HIV-1 who decide to stop breastfeeding at any time should stop gradually within a period of about 1 month.

In the case of infants and young children known to have HIV-1 infection, mothers are strongly encouraged to exclusively breastfeed for the first 6 months and continue breastfeeding per the recommendations for the general population, that is, in most countries, up to 2 years. In a randomized controlled trial in Zambia, in which infants of breastfeeding mothers with HIV-1 either stopped all breastfeeding at 4 months of age or continued to breastfeed, mortality at 24 months was 55% among those infants who already had HIV-1 infection and were randomized to continued breastfeeding, compared with 74% among those with HIV-1 who stopped breastfeeding early [94]. In a study in Botswana that randomized HIV-1–exposed infants to either breast milk or infant formula, among infants who already had HIV-1 infection, mortality at 6 months of age was 7.5% in those who breastfed compared with 33% in those randomized to receive infant formula [95].

A systematic review examined the effect of prolonged breastfeeding on the health of mothers with HIV-1 [96]. This review indicated that there was no clear evidence of harm to the mother if she continued breastfeeding. One study that did report increased mortality in breastfeeding mothers [97] was in conflict with several others, including the meta-analysis that did not confirm this outcome [96].
19.2.7 Policy and Operational Issues
Whether Option B+represents the best approach to achieving elimination of MTCT has generated considerable debate [91,98]. This option offers many advantages: It simplifies PMTCT program requirements, as there is no need for CD4 testing or need to stop ARV after pregnancy, and offers extended protection from MTCT in future pregnancies from conception as well as protection from sexual transmission to partners and likely benefits to the women’s health. It also simplifies the message around ART use—that is, once started, ART is for life—and harmonizes the ART regimen for all. On the one hand, even though it is more costly in the short term, is will likely prove cost effective over time [99]. On the other hand, it is unknown whether resource-restrained settings can support and maintain this approach over the long term and whether women will find it acceptable and will adhere to it in the long term. More studies that compare the efficacy and effectiveness of these options and their impact on health systems are needed. In addition, exposure of infants to ARV drugs during gestation and during breastfeeding has raised several safety concerns, and it is important that surveillance systems be established to carefully monitor any such effects [92,100,101].

Operational issues and implementation science are also critical. The success of ART with regard to both maternal health outcomes and PMTCT of HIV hinges on excellent adherence to therapy. Poor adherence to therapy and disengagement from care will undermine the potential benefits of maternal ART and confer an increased risk of MTCT as well as maternal morbidity and mortality. Studies in resource-limited settings have shown that missed visits and disengagement from care occur frequently, in particular during the postpartum period among women with HIV who had ART initiated during pregnancy [102]. Women who are newly diagnosed with HIV during pregnancy appear to be particularly vulnerable, and there is an urgent need for interventions to promote retention, especially in this vulnerable subpopulation [102]. Understanding the factors and reasons for loss to follow-up among breastfeeding women who are taking (lifelong) ART is critically important. In one study in Malawi [103], reasons cited for stopping ART included travel away from home (38%), lack of transport money (16%), inadequate understanding of ART education (10%), being too weak or sick (10%), side effects of the drugs (10%), and other reasons. These findings highlight the barriers to retention and give direction to the formulation of strategies that may improve the delivery of health care and reduce future loss to follow-up. Enhanced post-test counseling strategies, ongoing psychosocial support, provision of incentives, and further decentralization of PMTCT and ART services may improve outcomes. Cellular phone text messages may prove useful as an innovative tool to promote and support clinic attendance; this approach is currently being evaluated in a randomized trial in the Nyanza province in Kenya [104].

Interventions to prevent MTCT of HIV have not yet reached their full potential in resource-limited settings, which illustrates the gap between scientific knowledge and efficient and successful implementation of an intervention at scale [105]. In 2012, an estimated 260,000 children became infected with HIV, a reality far removed from the global goal of less than 40,000 per year [1]. Research focused on the challenges of effective and sustainable implementation of proven interventions in real-world settings (i.e., implementation science) is crucial to further reducing transmission and ensuring the survival and health of mothers with HIV and their infants exposed to the virus.
19.2.8 Questions for the Future
A lot of progress and many developments are evident in the field of prevention of transmission of HIV through breastfeeding [106–108]. However, the fundamental reasons why most breastfed infants do not get HIV infection, despite daily exposure to high loads of virus, remain elusive [109]. More research on the immune aspects of protection needs to be prioritized; such research could pave the way for strategies of protection through immunity (passive immunoprophylaxis or vaccination). In the current WHO guidelines, a period of 12 months is recommended as the duration of breastfeeding in resource-limited settings; however, there is a need to determine the optimal period of breastfeeding for which infants of mothers with HIV-1 to maximize adequate nutrition and immunologic benefits while minimizing exposure to the virus and to ARV drugs. There is also a need to establish the optimal weaning process to minimize exposure to supplemental foods that may have risks of infections. Exclusive breastfeeding in early infancy needs to be vigorously supported. Challenges faced by health care providers in providing optimal counseling on infant feeding to mothers with HIV also need to be studied [110].


The safety for the mother and the infant and the efficacy of other, newer ARV drugs or drugs of newer ARV classes during breastfeeding need to be tested. Whether maternal and infant prophylaxis for the duration of breastfeeding offers advantages for reducing residual transmission, when balanced against risks of exposure to ARV drugs, and whether such an approach might be acceptable also in a resource-rich setting are topics that point to a new direction in research. The need to address other maternal and infant co-infections should not be overlooked, as these infections contribute to the morbidity and mortality burden and increase the risk of HIV infection in the infant [111]. The effects of prolonged combination ART on the mother’s nutritional status, particularly as she goes on to a subsequent pregnancy after cessation of lactation, and the need for nutritional supplementation need to be evaluated in randomized clinical trials. Approaches to promote infant intestinal health might be beneficial in further reducing the risk of HIV transmission through breastfeeding. It is only with the implementation of a range of preventive strategies that breast milk, the optimal infant food, can be embraced universally as the preferred method of infant feeding among women with HIV. Finally, whether breastfeeding with ARV prophylaxis is an acceptable strategy in resource-rich settings for women with HIV-1 who have a strong desire to breastfeed their infants has not been evaluated; a formal assessment of its risk–benefit ratio may deserve more study [112]. Linking HIV-1 prevention, care, and treatment services with family planning, antenatal, and child and maternal health services and building the health infrastructure required for such programs remain critical needs in resource-limited settings so that elimination of pediatric HIV infection, a UNAIDS goal and the dream of many researchers in the field, becomes a reality.

Note: This review has been supported in part by the President’s Emergency Plan for AIDS Relief (PEPFAR) through the Centers for Disease Control and Prevention (CDC). The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the CDC.
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Research from across the globe suggests that the burden of food insecurity and hunger among illicit drug users is extremely heavy. Drug users contend with behavioral and environmental risk factors that place them at increased vulnerability to food insecurity and its adverse health consequences. Evidence-based conceptual frameworks have been developed to explain the complex interaction between drug users and their risk environments and between food insecurity and adverse health outcomes. However, the mechanisms by which drug use, food insecurity, and poor health are inter-linked remain poorly characterized. We propose a conceptual framework that describes the synergistic relationship between illicit drug use and food insecurity and the compounded impact these conditions have on adverse health outcomes. This framework posits that drug use acts as an individual-level as well as an environmental-level driver of food insecurity and that, in turn, food insecurity exacerbates illicit drug use. Drawing on existing empirical evidence, we demonstrate that food insecurity among drug users leads to poor outcomes in human immunodeficiency virus (HIV) and hepatitis C virus infections, including increased risk of transmission, poor treatment adherence and virologic response, and increased risk of mortality. We present evidence supporting possible nutritional, mental health, and behavioral pathways linking food insecurity to these adverse outcomes and propose the next steps to be taken in research and policymaking. The evidence reviewed suggests an urgent need for the development of contextually appropriate individual and environmental supports to reduce food insecurity and its adverse health consequences among illicit drug users. Our conceptual framework has relevance for clinicians, public health program managers, and policymakers in both high- and low-resource settings. Operations research is essential to identify low-threshold interventions, including dietary counseling and education, and, where necessary, pharmacologic, nutritional, and clinical interventions that can be integrated into programs and services for drug users.
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20.1 Introduction
There were between 167 and 315 million illicit drug users worldwide in 2011 [1], including an estimated 14 million injection drug users (IDUs) [1]. Drug users face multiple individual and sociostructural barriers to accessing health care and social services, which collectively serve to exacerbate health risks and poor outcomes [2,3]. Illicit drug users are particularly vulnerable to food insecurity [4–7], or the absence of “physical, social, and economic access to sufficient, safe, and nutritious food to meet dietary needs and food preferences for an active and healthy life” [8]. Studies have found that many drug users tend to consume diets that are calorically insufficient and poor in dietary quality [9–11] and to have reduced access to food support services [12]. Food insecurity among drug users has, in turn, been associated with an array of harms and adverse health outcomes including micro- and macronutrient malnutrition [13–17], risk of bloodborne transmission of disease [6,18], and poor clinical outcomes in individuals living with hepatitis C virus (HCV) and human immunodeficiency virus (HIV) [7,13,19–21]. The growing body of evidence in this area has prompted various stakeholders to prioritize further research on food security among illicit drug users and to identify evidence-based harm reduction strategies to mitigate its impacts.

In public health and epidemiology, conceptual frameworks have been used to describe linkages between, and hierarchies implicit in, the social and biologic determinants of health [22]. In this chapter, we review current knowledge about the burden of food insecurity among illicit drug users and propose a conceptual framework that helps explain the drivers and health consequences of food insecurity in this population. Such a framework can be used by researchers and policymakers alike to guide and interpret efforts at generating evidence and to identify locally appropriate evidence-based strategies for integrated food security programs and services for drug users.
20.2 Prevalence of Food Insecurity Among Drug Users
Research from across the globe suggests that the burden of food insecurity and hunger among drug users is extremely heavy. With the exception of one study [23], prevalence estimates for food insecurity among illicit drug users in high- and low-resource settings have been found to range between 34% and 80% [9,12,13,16,24–26]. Currently, the vast majority of evidence on this topic comes from studies undertaken in urban North American settings. For example, among 199 drug users with HIV in Miami, FL, 81% reported not eating for a day during the past month [13]. A case control study in Hartford, CT, found that 38% of drug users were food insecure, compared with 24% among nonusers [9]. In Canada, recent cross-sectional studies have found varying levels of food security and hunger. Among HIV-positive illicit drug users receiving treatment across the province of British Columbia (BC), 57% were found to be food insecure [24]. In socioeconomically marginalized areas of Vancouver, BC, the prevalence of hunger was found to be approximately 65% among both HIV-positive and HIV-negative illicit drug users, suggesting that severe food insecurity is a critical issue in this population regardless of HIV status [4,25]. The burden of hunger among 287 crack-cocaine users with HIV in Atlanta, GA, and Miami, FL, was reportedly lower at 34% [27]. An assessment of dietary intake of drug users in Oslo, Norway, found that 64% reported having restricted access to food due to limited resources [10]. Research evaluating the burden of food insecurity among drug users in transitional and low-resource settings has been limited to date. A study of 253 male illicit drug users in Dhaka, Bangladesh, found that 60% experienced chronic energy deficiency [16]. In Chennai, South India, 70% of drug users, whether HIV-positive or HIV-negative, were found to be food insecure [26]. In the Negev region of Israel, a study of 644 low-income individuals found that the prevalence of food insecurity among drug users was 50%, compared with 35% among non–drug users [12]. In contrast to all these studies, a study among 99 HIV-positive men with a history of injection drug use in Hanoi, Vietnam, found the burden of food insecurity to be only 5% [23]; however, this estimate may have been affected by the small sample size. Most studies assessing the prevalence of food security and hunger among illicit drug users have had limited generalizability because of their small sample sizes and the use of differing food security measurement tools. Nonetheless, these studies provide an insight into an alarming and consistent pattern of elevated food insecurity among illicit drug users.
20.3 Overview of Conceptual Framework
Our conceptual framework seeks to delineate the possible causes and consequences of food insecurity among illicit drug users. We draw on two previously published etiologic models that respectively described the impact of individual and environmental factors on drug-related harms among illicit drug users [3] and pathways linking food insecurity to adverse HIV outcomes [28]. Depicted in Figure 20.1, our framework interprets food insecurity and illicit drug use as inextricably linked in a complex, dynamic, and bi-directional relationship. Evidence suggests that drug use drives food insecurity at the individual level by contributing to poor food utilization patterns and reducing the funds available for food because of competing expenditures, whereas social, economic, physical, and policy environments affect food insecurity by constraining, directly or indirectly, food access and availability. Some evidence suggests that food insecurity may, in turn, exacerbate drug utilization, contributing to a vicious and synergistic cycle. Food insecurity among illicit drug users also contributes to adverse HIV and HCV clinical outcomes through distinct nutritional, mental health, and behavioral mechanisms. Drawing on evidence from high- and low-resource settings, this conceptual framework has relevance to clinicians and public health workers involved in serving the estimated 14 million IDUs living worldwide [1], of whom 3 million are estimated to be living with HIV [29] and 60–80% are at risk of chronic HCV [30].
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Figure 20.1 Conceptual framework: drivers and consequences of food insecurity among illicit drug users.
20.4 Bi-directional Relationship Between Drug Use and Food Insecurity

20.4.1 Drug Use as a Driver of Food Insecurity
Existing evidence suggests that drug use at the individual level acts as a behavioral driver as well as a biologic driver of food insecurity. Specifically, drug use may lead to poor food utilization by disrupting food intake patterns and leading to consumption of foods that are inadequate in quantity or quality or by altering biologic ingestion and metabolization of foods [31,32]. Drug use environments have been shown to also lead to food insecurity by imposing social, economic, physical, and policy barriers to food access and availability, which act to compound the risk of poor food utilization in drug users. The overall bi-directional relationship between drug use and food insecurity is depicted in Figure 20.2, and details of the impact of individual and environmental drug use factors on food insecurity are provided in Figure 20.3.
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Figure 20.2 Bi-directional relationship between illicit drug use and food insecurity.
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Figure 20.3 Individual and environmental risk factors influencing food insecurity among illicit drug users.
20.4.1.1 Individual Factors
Drug addiction may modify food consumption behaviors by causing the drug users to prioritize drug use over food intake [4,33]. This may be particularly the case in contexts with drug law enforcement, where the retail cost of illicit drugs has been shown to be higher [34,35], limiting individuals’ cash assets for purchasing food. Drug addiction has been shown to alter dietary intake patterns, leading people to eat fewer meals [9], to skip meals for an entire day [13], to purchase drugs instead of food even when they are hungry [4]. Drug users have been shown to consume fewer calories compared with nonusers [36] and to report extreme ranges in nutrient intake [11]. The increased prevalence of food insecurity among illicit drug users may also be determined by patterns of drug use, including patterns of chronicity and intensity. A recent study involving 331 homeless and marginally housed HIV-positive individuals in San Francisco found that persistent drug use and transitions into drug use were associated with twofold increased odds of food insecurity compared with persistent non-use [37]. In a study of 158 illicit drug users, heavy drug use was found to be significantly associated with anorexia and loss of appetite for food [14]. Less than weekly drug use was found to be marginally associated with decreased odds of hunger among crack users with HIV in Atlanta, GA, and Miami, FL [27]. Reductions in food intake may be further compounded by dental problems, which are commonly reported among drug users and have been associated with not eating every day [38]. This trend may be particularly relevant for methamphetamine users. Select studies have uncovered high rates of drug-related dental disease [39] and associated poor dietary habits [40] among methamphetamine users. However, these linkages remain speculative, as a recent systematic review involving 47 studies in youth found no association between methamphetamine use and dental disease [41]. In addition to affecting the quantity of food that individuals consume, substance use may lead users to consume poor-quality foods by altering people’s selection of food types. Drug users have been shown to consume diets that are inexpensive, easy, and quick [42,43]; that are low in RDAs for micronutrients and energy [36]; that are low in vegetables, fruits, and protein; and that are high in sugar [9,10,36,42,44–48]. The link between drug use and consumption of poor-quality foods is further corroborated by research that suggests particular drugs, notably heroin, modify taste receptors, thus increasing the craving for high-sugar foods [47,49]. Finally, studies have suggested that drug use reduces biologic food utilization by altering appetite. Use of stimulants among drug users has been associated with reduced appetite [50]. Opioid users report high incidence of constipation caused by drug-related interference in normal gastrointestinal motility [51], which has been associated with reduced appetite [43].

20.4.1.2 Environmental Factors
The broader risk environment of drug users often exacerbates poor food utilization among substance users by posing social, economic, physical, and policy barriers to food access and availability. Over the past two decades, there has been a growing recognition that the health of illicit drug users is shaped by their environments [3], which are inherently context specific and linked to individual behaviors [52]. A growing body of evidence suggests that specific environmental factors influence drug users’ food choices and eating habits. Social factors that have been associated with reduced intake of sufficient and high-quality foods among drug users include gender dynamics [42], cultural traditions, attitudes, and beliefs around food [42]; disturbed social and familial links [14,42,53]; negative neighborhood perceptions [54]; lack of support in budgeting, shopping, and food preparation [43]; and lack of support in navigating available support systems [12].

Economic factors that have been shown to influence the food security of drug users include poor socioeconomic status and competing demands for limited resources [4,42]; reliance on social security benefits [12]; and availability of affordable groceries [42] and of stable housing [4,27,42]. Numerous characteristics of drug users’ physical environment have also been associated with poor food access and availability. A study involving 47,842 randomly selected respondents across 12 cities in the United States found that neighborhoods with a high level of visible drug sales were independently associated with having three times fewer supermarkets and three times more fast food restaurants compared with neighborhoods with lower levels of visible drug sales [55]. Among drug users, additional physical environmental factors associated with food insecurity include the physical presence of food preparation and storage facilities within one’s residence [56] and the availability of food support services within one’s neighborhood [42] and within residential detoxification [56] and prison [57] facilities.

Finally, variables associated with drug users’ policy environment may influence the food security of drug users. Law enforcement that criminalizes drug use has been shown to increase the retail cost of illicit drugs [34,35], which leads to drug users having less disposable income to purchase food. Drug policies can also lead to the displacement of individuals from essential medical and social support services [58], which may impeded their access to food or nutritional support services. Health care policies have failed to recognize the importance of food and nutrition for drug users [12]. Collectively, these social, economic, physical, and policy factors act as environmental risks for creating and perpetuating drug-related harms [3] and compound drug users’ risk of food insecurity and its associated adverse health outcomes.

20.4.2 Food Insecurity as a Driver of Drug Use
A limited but growing body of literature suggests that food insecurity may, in turn, exacerbate drug use (Figure 20.4). An animal study in monkeys found that food deprivation was associated with increased self-administered cocaine consumption and that the relationship was dose dependent [59]. A recent longitudinal study involving homeless and marginally housed HIV-positive individuals in San Francisco found that individuals reporting persistent food insecurity were more than twice as likely to have recently used illicit drugs compared with participants who were consistently food secure [37]. Assessing the temporal sequence of food insecurity and drug use, respectively, the study revealed that individuals with consistent food insecurity and transitions into food insecurity had a twofold increased risk of current illicit drug use compared with individuals with persistent food security [37]. Several studies have cited the use of khat, commonly used in Eastern Africa and the Middle East [60], to curb hunger and appetite. Khat use induces behavioral and physiologic effects similar to those of methamphetamine, including appetite suppression, and is considered to have a mild anorectic effect [61]. Khat use has been specifically associated with perceptions of reduced hunger and increased fullness [62]. Qualitative studies in Ethiopia examining the drivers of khat use have found that the drug is used as a coping strategy by food-insecure individuals to curb appetite and hunger in the face of household and community food shortages [63,64].
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Figure 20.4 Pathways between food insecurity and adverse outcomes HIV and HCV infections among illicit drug users.
20.5 Pathways Linking Food Insecurity and Poor Health Among Drug Users
Food insecurity, particularly insufficient nutrient consumption, among illicit drug users has been associated with an array of harms, including decreased immune function [65], elevated risk of a positive tuberculin test [66], invasive candidiasis, bacterial pneumonia, and subcutaneous and perianal abscesses [14]. Existing evidence suggests that food insecurity leads to adverse clinical outcomes among people living with HIV/AIDS through distinct nutritional, mental health, and behavioral pathways [28]. In our conceptual model, we propose that food insecurity among drug users leads to increased risk of HIV and HCV acquisition and transmission and to adverse clinical outcomes through similar intermediate health pathways (Figure 20.3). Evidence for these relationships is reviewed below.
20.5.1 Nutritional Pathways

20.5.1.1 Link Between Food Insecurity and Malnutrition
Food insecurity has been shown to lead to adverse nutritional outcomes in the general population, including micronutrient deficiencies, macronutrient malnutrition, and overnutrition (obesity) [67–69]. The obvious link between poor quantity and quality foods and malnutrition is even stronger in drug users because of the biologic vulnerabilities inherent in the outcome of the drug use itself and in the type and frequency of drug use. While it is difficult to unpack to what extent food insecurity or nutritional consequence of drug use differentially impact malnutrition in this population, poor food consumption patterns described previously suggest that food insecurity may play an important role in incurring malnutrition. Drug users tend to experience multiple forms of malnutrition simultaneously [16]. Illicit drug users have been shown to have low body mass index (BMI) and nutrient deficiencies [9,15,16,70–72], as well as depleted body and fat mass despite adequate self-reported energy intake [73]. The relationship between active drug use and nutritional status has been further supported by studies that have shown marked improvements in nutritional status among drug users following detoxification and recovery [70,71,74].

The development of nutrient deficiencies among drug users may result from metabolic abnormalities and from nutrient interactions or malabsorption associated with drug use [20,21,75]; therefore, it is difficult to ascertain to what extent food insecurity or the nutritional consequences of drug use are affecting micronutrient deficiencies. Illicit drugs are considered to be immunosuppressive [76,77] and may compound the user’s risk of malnutrition [78]. Chronic use of opium and heroin has been shown to change serum fasting blood sugar, potassium (K+), calcium (Ca2+), uric acid, and cholesterol [79]. Injection drug use has been identified as an independent risk factor for iron deficiency and anemia among HIV-positive and HIV-negative women [80]. Among studies performed in low-resource settings, a study of 253 illicit drug users in Dhaka, Bangladesh, found that 74% of subjects had been diagnosed with clinical signs of nutrient deficiency and low serum micronutrient levels independent of their HIV serostatus [16]. In India, a study comparing nutritional outcomes among HIV-positive and HIV-negative drug users found that both groups had a low percentage of body fat [26]. Khat use in Ethiopia has been associated with 1.76-fold increased odds of undernutrition [81]. Studies have suggested that nutritional status among drug users may vary by gender. For example, several studies have found that that the burden of underweight status and micronutrient deficiencies is higher among female drug users than among male drug users [14,53,82]. However, these differences are not universal and underscore the importance of taking into account the initial nutritional status and differences in fat mass and fat-free mass when evaluating body composition in this population [83].

Studies further suggest that the nutritional status of drug users is influenced by the type of drugs they consume, and their differential impact on biologic and food consumption patterns. For example, heroin use has been shown to cause muscle depletion, renal failure, and alterations in insulin responses, glucose tolerance, and potassium levels; cocaine has been associated with altered dietary and liquid intake patterns and a low BMI; and marijuana has been correlated with increased food intake [15,84]. Polysubstance has been shown to contribute to undernutrition, with research showing that cocaine use, alone or in combination with opiates, has been correlated with a lower BMI compared with opiate use on its own [15,17]. Finally, the intensity and the frequency of drug use have been associated with poor nutritional status. Among hospitalized drug users, individuals reporting heavy heroin use had lower values of mid-upper arm circumference, anorexia, skinfold, and weight compared with moderate drug users [14]; and heavy drug use has been associated with significant reductions in percentage of body fat in users compared with nonusers and is attributed to higher fat-free mass rather than lower-fat mass [83].
20.5.1.2 Nutritional Pathway to Adverse HIV and HCV Outcomes
Among HIV-positive drug users, food insecurity and malnutrition have been specifically associated with HIV-related wasting [13] and mortality [19,20]. A recent evaluation of 254 HIV-positive IDUs receiving antiretroviral therapy (ART) found that individuals reporting food insecurity at baseline had a 1.95 increased risk of all-cause mortality after more than a decade of follow-up [19]. Severe food insufficiency and poor dietary diversity is seen to increase risk of HIV-related morbidity and mortality via undernutrition (e.g., low BMI) and micronutrient deficiencies. Drug users have deficiencies in zinc, vitamin A, iron, and B12, which have been associated with increased risk of HIV-related mortality in illicit drug users [20,85–87]. Selenium deficiency has been shown to be a particularly strong predictor of death and has been associated with a 20-fold increase in mortality risk among HIV-positive IDUs [20,88].

HCV infection may exacerbate some of nutritional consequences of drug abuse. Studies among patients with HCV infection have reported elevated prevalence of excessive energy and protein intake indicative of obesity as well as protein-energy malnutrition [89]. HCV infection is known to increase individual resting energy expenditure [90] and cause changes in body composition, including weight loss [91,92], particularly among active illicit drug users [73]. Metabolic intolerances to food may be worsened in individuals living with hepatitis [21]. Treatment regimens for HCV infection have been shown to cause weight loss [93], which may place co-infected individuals at heightened risk of adverse health outcomes. Low BMI, in turn, has been associated with renal dysfunction [94] and has been shown to independently predict wasting [95] and mortality among individuals co-infected by HIV and HCV [96]. The relationship among nutrient intake, virologic response to ART, and excessive risk of mortality among individuals infected by HCV alone or co-infected by HCV and HIV has been confirmed by studies that have found that vitamin A deficiency is associated with an increased risk of HCV-related chronic liver disease, ART failure, and death [97,98]. Studies have additionally found that vitamin K has a protective effect on recurrent hepatic carcinoma, virologic response to treatment, and associated mortality among individuals with HCV infection [99–101]. Further research is needed to understand the role of food insecurity in HCV treatment outcomes, particularly since newer oral regimens such as boceprevir and telaprevir require consumption with food to optimize their pharmacokinetics and pharmacodynamics [102].
20.5.2 Mental Health Pathways

20.5.2.1 Link Between Food Insecurity and Mental Health Disorders
The relationship between food insecurity and psychosocial and mental health disorders in the general population is well established [103–109]. Food insecurity and mental health among drug users have been described as “syndemic,” because these conditions often co-exist and are seen to reinforce each other [110]. Studies have consistently found that drug users suffer a heavier burden of mental health disorders compared with the general population and exhibit symptoms such as depression, anxiety, and antisocial behavior [4,110–119]. Studies have further uncovered strong independent associations between food insecurity and symptoms of depression among drug users after controlling for potential confounders. Among 1,053 illicit drug users in Vancouver, BC, 58% reported symptoms of depression, and drug users reporting depression were 3.3 times more likely to be severely food insecure or hungry compared with individuals without depression [4]. In a study involving 291 HIV-positive crack users in Atlanta, GA, and Miami, FL, approximately 74% suffered depression, and food insufficiency was found to be significantly associated with increased odds of having depression [110].
20.5.2.2 Mental Health Pathways to Adverse HIV and HCV Outcomes
Mental health among drug users has been associated with behavioral risk of HIV and HCV transmission [120–124]. A longitudinal analysis involving 332 inner-city drug users found that individuals reporting symptoms of depression were significantly more likely to have had sex with multiple and high-risk partners [121]. Two independent studies among IDUs found that depressive symptomology was strongly and independently associated with both risky behaviors, including sharing of used needles and other equipment, and exchange of sex for drugs or money [122,124]. Studies among drug users have additionally found that having a mental health disorder is associated with a range of adverse HIV and HCV clinical outcomes. Neuropsychiatric disorders, including major depressive disorder, antisocial personality disorder, and attention deficit disorder, have been associated with reduced adherence to ART [125–127] and may have a differential effect by gender [127]. Depressive syndrome among drug users has been shown to predict HIV clinical progression among individuals on ART, independent of nonadherence [128], suggesting that biologic or other behavioral mechanisms may be influencing this relationship. Although treatment for HCV infection itself has been suggested to cause adverse psychiatric side effects [129], evidence regarding the relationship between psychiatric morbidity and clinical outcomes of HCV infection among drug users is inconsistent. Depressive symptomology and not being on antidepressants at the time of initiating treatment for HCV infection have been associated with treatment failure among drug users [130]. However, two small prospective controlled trials including former and recovering drug users found that psychiatric disorders were not independent risk factors for nonadherence and poor virologic response rates to antiviral treatment for chronic HCV infection [131,132]. These findings may be explained by the fact that interferon is contraindicated in people with pre-existing mental health disorders, which results in patients presenting with symptoms to be refused treatment or excluded from studies despite clinical eligibility for treatment for HCV infection [132]. These findings suggest that further research is needed to clarify the potential relationship among food insecurity, mental health disorders, and adverse HCV outcomes.
20.5.3 Behavioral Pathways

20.5.3.1 Link Between Food Insecurity and Health Care Behavior
Large population-based studies in the general population have uncovered significant independent associations between food insecurity and health care access and utilization [133–135]. For example, in a study involving 16,651 low income adults across the United States, food insecurity was associated with postponing essential medical care and medication and with increased emergency department use and hospitalizations [134]. These studies suggest that people who are food insecure experience competing demands for food and health care in the face of resource shortages. To our knowledge, no studies have specifically evaluated the relationship between food insecurity and health care behaviors among illicit drug users, it is plausible that additional competing demand of drug purchase reported by drug users [4] could act to reinforce behavioral tendency toward reduced use of essential medical and harm reduction services and increased utilization of acute care services. This pattern may be further accentuated in contexts where drug users are displaced from syringe programs and addiction treatment because of police crackdowns or other pressures arising from the criminalization of drug use [58,136].
20.5.3.2 Behavioral Pathways to HIV and HCV Infection Outcomes
Food insecurity has been linked to several types of health behaviors related to HIV infection, including nonadherence to ART [137–143] and missed clinic visits [144,145]. Although no studies, to our knowledge, have explicitly examined the role of food security and health care behavior related to HCV infection, some studies have highlighted the adverse impact of other closely related social factors such as unstable housing on HCV treatment access and use [146]. Among illicit drug users, food insecurity may have harmful impact on health by affecting their access to safer injection services, needle distribution or exchange, ART, and other interventions shown to effectively reduce transmission risk [147–149]. A recent study involving 144 IDUs found that food insecurity was significantly associated with increased odds of sharing injection paraphernalia, including the used needles, cookers, and water filters [6]. These findings suggest that food insecurity may impede drug users’ access to harm reduction services, placing them at increased risk of HIV and HCV transmission [6]. Food insecurity among illicit drug users may also place individuals at increased risk of transmission through risky sexual behavior. In a longitudinal study among 470 HIV-positive IDUs in Vancouver, BC, severe food insecurity was associated with 2.7-fold increased odds of having unprotected vaginal or anal sex. This study found that women were 50% more likely to engage in risky sexual behavior compared with men, which suggests that patterns of risky sexual behavior among IDUs are associated with gender [18]. Qualitative research could help clarify the complex behavioral pathways linking food insecurity to risky drug use and sexual behaviors among drugs users. Future research should additionally evaluate the potential mediating impact of food and livelihood interventions on the relationship between food insecurity and risky drug use and sexual behaviors among drug users to clarify behavioral pathways.

Evidence regarding the relationship between food insecurity and behavioral pathways to adverse outcomes of HIV infection among illicit drug users is limited and inconsistent with the trends observed in general populations with HIV. For example, a recent study involving 254 HIV-positive IDUs receiving ART across British Columbia showed an independent association between food insecurity and increased risk of mortality; however, bivariate analysis revealed that adherence to ART was not a significant variable in this relationship, which suggests that the relationship may be mediated by other behaviors and nonbehavioral pathways [19]. A separate study involving 406 HIV-positive IDUs on ART in Vancouver, BC, found no significant relationship between hunger and plasma viral load suppression and additionally found that stratification of varying ART adherence levels did not alter the direction and magnitude of the association [150]. Longitudinal studies are needed to ascertain to what extent the causal pathway between food insecurity and adverse outcomes of HIV and HCV infections among illicit drug users may be medicated by suboptimal adherence and reduced clinic visits.
20.6 Public Health and Policy Implications
The evidence reviewed here suggests an urgent need for contextually appropriate individual and environmental supports to reduce food insecurity and its adverse health consequences among illicit drug users. As suggested in our conceptual framework, mitigating the drivers of food insecurity among drug users will require multi-pronged intervention approaches aimed at modifying food consumption behaviors as well as drug users’ social, physical, and policy environments to ensure that drug users have optimal utilization, access, and availability of food (Figure 20.5). Although the majority of evidence informing our conceptual framework comes from high-resource settings, it is equally applicable to, and may have greater relative importance in, settings with emerging drug use epidemics, lack of health infrastructure, and poor underlying health and nutritional population status. This framework would have relevance in countries such as Ukraine, Burma, Kenya, Indonesia, Thailand, Nepal, Argentina, and Brazil, where the prevalence of HIV infection among IDUs is estimated to be over 40% [151], and in countries such as China, the United States, and Russia, which have the highest number of IDUs and estimated prevalence of HCV infection [30].
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Figure 20.5 Public health and policy action: individual and environmental supports to reduce food insecurity and adverse consequences among illicit drug users.
20.6.1 Individual-Level Supports
Contrary to popular assumption, drug users often engage in self-care strategies to manage and improve their health [152]. Illicit drug users would benefit from increased access to culturally and ethnically relevant educational material about the relationship among drug use, food insecurity and its adverse health impacts, and dietary information to facilitate improved decision making regarding healthy food choices [42]. Clinic- or community-based services should actively screen individual drug users for food insecurity by using validated scales and apply food intake and nutritional assessment tools that take into account the unique circumstances of drug users [43,45]. During selection of assessment tools, the fact that drug users often contend with poor memory, comprehension, and concentration, which may complicate dietary recall and survey administration, should be taken into consideration [43]. Nurses and registered dieticians should work closely to facilitate individual case management and ensure that drug users receive appropriate dietary counseling and education and, where necessary, pharmacologic, nutritional, and clinical intervention [153]. Building on the existing healthy eating and nutrition guidelines for the general population and for people living with chronic diseases [154–157], recommendations for drug users should emphasize practical and inexpensive solutions, taking into consideration individuals’ food preferences and their social and financial situations [43]. Given the linkages among drug use, dental disease, and impeded food consumption [38,40], screening and counseling efforts should be integrated into dental practices for this population. Social workers should be actively engaged in efforts to promote education, behavior change, and the development of food programs [12]. Peer group information sharing and reinforcement may assist in the development of treatment and support paradigms [158]. International therapeutic and programmatic guidelines have emphasized the importance addressing the nutrient requirements of people living with HIV/AIDS as part of a comprehensive strategy for the treatment and care of patients with HIV [156,157,159]. Taken together with evidence on the impact of food insecurity, nutrient deficiencies, and HCV infection–related nutritional abnormalities, clinical and programmatic guidelines should additionally emphasize the importance of addressing the nutrient needs of individuals with HIV.

The appropriateness of specific food- and nutrition-based interventions is inherently context specific. Numerous strategies have been used in drug-using populations, including prescription of grocery programs, meal replacement, and dietary supplements [42]. A randomized controlled trial among female IDUs found that daily micronutrient supplementation significantly reduced anemia and iron deficiency, without heightening the RNA levels or liver enzymes of HIV or HCV [160]. Although support to non–drug using HIV-positive individuals has included food supplements, food vouchers, or cash transfers, it should target families to encourage the overall social protection of the household unit [161,162]. Policymakers need to carefully assess the advantages and risks of existing approaches and tailor these to the needs of individual drug users. For example, although the provision of food or monetary support to households affected by drug use may enhance both individual and household food security, many drug users have disturbed social and family links [14,42,53] that may prohibit such an approach. Distribution of cash transfers may not be appropriate for drug users, as it may contribute to increased drug use and thus potentially even aggravate food insecurity. However, depriving drug users of such supports that are provided to other affected populations may be discriminatory. Further research is needed to identify evidence-based strategies to improve the food intake and nutritional status of drug-using individuals. These studies should monitor the advantages and risks of different approaches and consider the use of programmatic conditions such as living with family, participation in harm reduction initiatives, and other strategies.
20.6.2 Environmental-Level Supports
Mitigating the distal causes of food insecurity at the environmental level may have an impact on the broader population and is inherent to the social determinants approach to public health [163]. Interventions aimed at preventing drug-related harms are designed with the aim of creating an “enabling environment” for harm reduction [3]. A risk reduction approach may seek to modify the physical, policy, or socioeconomic environments of drug users rather than alter the knowledge, perceptions, or motivations of individuals [164]. Interventions within this paradigm can constitute non-drug–focused or non-health–focused activities [3] and should be “locally produced” [52], rapid, pragmatic, and user friendly and have a low threshold [165]. Research initiatives have already called for the development of harm reduction interventions to address the unique food security–related needs of specific subgroups of illicit drug users, including female sex workers [166] and street-involved youth [167]. Building on these recommendations, several additional policy and practice interventions may be useful to reduce the prevalence of food insecurity and related harms in this population. Considerations for social, food, and nutritional support should be integrated into the comprehensive package of activities that the World Health Organization and other United Nations stakeholders have proposed to curb HIV- and drug-related harms [168,169]. The World Food Programme, in line with its mandate on nutrition and HIV infection [159,170], should become more active in working with the governments of countries with a significant percentage of drug-using populations to address their specific food security challenges. Specifically, there is scope for integrating social, food, and nutritional supports into many activities in which drug users interact with supportive services and programs, including needle and syringe programs; opioid substitution therapy, and addiction treatment; HIV and HCV testing and counseling; HIV and HCV treatment access; sexually transmitted disease prevention and treatment; condom distribution; education and communication; and prevention, diagnosis, and treatment of tuberculosis [168,169]. Integration of social, food and nutritional support services into HIV and HCV programs may additionally act as an incentive for drug users to access early detection of HIV and HCV infections, to seek treatment, and maintain adherence. Availability of nutritional counseling and care is essential in the context of drug treatment and detoxification services given the observed patterns of dysfunctional eating, vitamin deficiency, and excessive weight among recovering addicts [74,171]. The combination of individual clinical and structural approaches has been shown to be highly effective in preventing HIV transmission [172] and should theoretically be equally successful in reducing the burden and adverse health impacts associated with food insecurity. Finally, drug users’ food security status and associated adverse health outcomes could be addressed by improving employment training [173] and for creating low-threshold skill development and income generating opportunities for this population [174,175]. These efforts should be combined with advocacy, which has been shown to be critical to improving service coverage and reducing harms among drug users [176].
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Chapter 21
Dietary Interventions in People with HIV and Diabetes
Alastair Duncan,    Department of Nutrition and Dietetics, Guy’s and St Thomas’ Hospital NHS Foundation Trust, London, UK


In common with a developing pandemic of diabetes in a wide range of patient groups, people living with human immunodeficiency virus (HIV) are experiencing high rates of insulin resistance (IR) and diabetes. The etiology is complex and not yet fully understood but is associated with IR and not deficiency. The prevalence of diabetes in HIV infection varies from no increased risk to a quadrupled risk, according to the cohort studied. Factors associated with the development of diabetes in HIV infection can be classified as specific or general. The clinical outcomes of diabetes are poorer in HIV infection and therefore early screening and prevention are crucial. There is a limited body of evidence for dietary intervention for diabetes in HIV infection, and so intervention should follow general principles. Care should be taken when assessing and treating HIV-positive people with diabetes, and the clinician should take account of food–drug and drug–drug interactions, as well as an increased risk for cardiovascular disease, renal and cognitive impairment, and microvascular disease. There is a need for further research in this field.
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21.1 Introduction

21.1.1 Background
There is a developing worldwide pandemic of type 2 diabetes mellitus (T2DM), with people from a wide range of patient groups experiencing increased risk of developing insulin resistance (IR) and progression to T2DM [1]. This chapter focuses on the development and treatment of IR and T2DM in human immunodeficiency virus (HIV) infection. IR can be defined as an impaired ability of insulin action, principally a reduced glucose-lowering effect. However, IR also involves a reduction in the uptake of circulating triglycerides and increased hydrolysis of fat stores. Peripheral IR reduces glucose uptake in muscle and fat cells, whereas hepatic IR leads to both reduced synthesis and storage of glycogen and reduced or delayed suppression of gluconeogenesis. Together, these contribute to chronically elevated blood glucose levels, leading to metabolic syndrome and T2DM. The etiology of IR and T2DM in HIV infection is complex, may involve a combination of processes detailed above and is unlikely to include insulin deficiency; it may result from inherent factors such as inflammation, extrinsic factors, including antiretroviral therapy (ART) or obesity, or a combination of these factors.

Highly active antiretroviral therapy (HAART), in which antiretrovirals (ARVs) are used very effectively in combination–—has dramatically improved mortality and morbidity in HIV-positive people who have access to treatment. In the United Kingdom, where ART is universal and free, those newly diagnosed with HIV infection are told to expect a near-normal life expectancy. In lower-income countries, access to HAART is more variable, and as a result, the Joint United Nations Programme on HIV/AIDS (UNAIDS) has published its aim: By 2020, 90% of the world’s 35 million HIV-positive people should not only be treated with HAART but should have an undetectable viral load [2]. Taken as a whole, people with HIV are aging. In both the United Kingdom and the United States, 50% of people with HIV are aged 50 years or over. Conditions associated with normal aging, including cardiovascular disease, cancer, cognitive decline, osteoporosis, and T2DM, are occurring more frequently and earlier than expected in those with HIV and are attributed to infection and antiretroviral therapy (ART) [3]. These conditions are now the major causes of morbidity and mortality from HIV infection among those with access to HAART.
21.1.2 Prevalence of Diabetes in HIV Infection
The mechanism of development of IR in HIV infection is not fully understood [4]. There is a high prevalence of impaired fasting glycemia among people newly diagnosed with HIV infection and not yet prescribed HAART [5]. In those treated with HAART, studies report the estimated risk of development of T2DM to be comparable with or up to four times higher than in matched HIV-negative controls, although the estimated relative risk varies among populations studied [6–8]. A systematic review of papers published between 2005 and 2012 found that the prevalence of T2DM in those HIV cohorts varied from 2.9% to 15% [9]. The study reported that from a total of 43,296 people living with HIV, 1,144 incident cases of T2DM were identified over 174,574 person-years. The incidence rates of T2DM ranged from 5.7 to 23.8 per 1,000 person-years. Although the authors concluded that there is no strong evidence for a significantly raised magnitude of T2DM prevalence in HIV infection, few of the studies they evaluated compared this prevalence with that in the general population or used HIV-negative individuals as controls. This may be problematic as HIV cohorts may be relatively younger. For example, historical data from the United Kingdom suggests that in 2005–2007, the mean age for development of T2DM in that HIV cohort was 44 years compared with 64 years in the general population for that region [10]. In older cohorts, the prevalence of T2DM may be even higher. In a 2013 study from the United States, HIV-negative and HIV-positive individuals were defined as “younger” if they were aged 40 years or below or as “older” if aged 50 years and above [11]. In this study, no younger participants were diagnosed with T2DM irrespective of their HIV status; however, in older participants, the prevalence rates of T2DM in HIV-negative and HIV-positive groups were 4.6% and 17.8%, respectively. Conversely, the prevalence of T2DM in HIV infection may be changing over time with changes in the use of particular ARVs in HAART. Further evaluation of the prevalence and incidence of T2DM in the current era of HAART is warranted [10].
21.1.3 Risk Factors for Diabetes in HIV
The increased risk for IR in HIV infection may include components directly attributable to particular ARVs used within combinations, namely, protease inhibitors (PIs) and the nucleoside reverse transcriptase inhibitors (NRTIs) d4T, ddI, and ddC, the duration of both the HIV infection and HAART; chronic inflammation resulting from HIV infection; alterations in fat metabolism with resulting body shape changes (lipohypertrophy and lipoatrophy); and, surprisingly, high levels of central obesity and body mass index (BMI) in this cohort [4]. In a study reporting findings from a cohort in the United States, 1 year after initiation of HAART, patients experienced a mean 4.5 kg weight gain, with rates of overweight and obesity increasing from 52% to 66% [12]. This compares with rates of 91% in matched HIV-negative controls. Women, those with a lower CD4 count, and those started on PI-containing HAART regimens are more likely to gain excess weight. Factors associated with the development of T2DM in HIV infection include increasing age [6–8], higher BMI [6–8], higher waist-to-hip ratio [7], lower nadir of CD4 count [6], and the presence of HIV-associated body shape changes [7,8]. The large D:A:D study (n=9,193) reported that with initiation of HAART for the first time and the patients stratified according to BMI into underweight, normal, overweight, or obese, the incidence of T2DM per 1,000 patient years was found to be 2.0, 2.0, 4.1, and 10.0, respectively [13].

Risk factors for IR and T2DM in HIV infection can be grouped as specific or traditional, with some traditional factors that are very common in HIV infection ascribed to both groups (Figure 21.1).

[image: image]
Figure 21.1 Risk factors for IR and type 2 diabetes in HIV infection.
21.2 Special Considerations for People with HIV and Diabetes

21.2.1 ARVs and Diabetes Medications
PIs have been shown to both increase IR and reduce insulin secretion through interference with glucose transport type 4 (GLUT-4)–mediated transport [13]. However, the more recently developed PIs may not have this effect. The NRTIs d4T, ddI, and ddC have also been associated with IR, most likely through mitochondrial toxicity, and are now rarely used. Two summaries of recent findings regarding ARVs and glycemic agents [14,15] highlight the following:
[image: ent] The ARV maraviroc, a CC-chemokine receptor 5 (CCR5) antagonist, might have neutral or beneficial effects demonstrated in both lipid metabolism and glucose metabolism.
[image: ent] With the use of metformin in those with HIV was proven to be safe in several studies; it significantly increased the sensitivity of peripheral tissues to insulin and potentially prevented plaque progression in those with metabolic syndrome.
[image: ent] In patients prescribed NRTIs while also on metformin, serum lactate levels should be measured if the patient develops symptoms of acidemia.
[image: ent] Methionyl human leptin (metreleptin) in combination with pioglitazone in patients with HIV and lipoatrophy resulted in improved postprandial glycemia and insulin sensitivity.
[image: ent] Rosiglitazone should not be used in those with HIV.

21.2.2 Monitoring of IR and Diabetes in HIV Infection
T2DM is more difficult to treat in people living with HIV, who have a significantly poorer response to antidiabetic medicines compared with matched HIV-negative controls [16]. There are no published studies looking at long-term diabetes outcomes in those with HIV; however, there is growing evidence that T2DM is associated with accelerated cognitive decline in those with HIV and is particularly associated with neurocognitive impairment in older patients [17]. In the D:A:D study, T2DM was independently associated with a 2.4-fold increased rate of incident coronary heart disease. For these reasons, it is vital that people living with HIV who are at risk of or have IR or T2DM be regularly monitored for signs and symptoms.

It has been reported that levels of glycosylated hemoglobin (HbA1C) may be underestimated in people with HIV, particularly in those on PIs [18,19]. It is recommended that monitoring not depend on measurement of HbA1C alone but that it be performed in conjunction with measurement of fasting glycemia. Clinical definitions of normal glycemia, prediabetes, and T2DM, as defined by the World Health Organization (WHO) are shown in Figure 21.2. Prediabetes is defined differently in the United States, so—local guidelines should be consulted.

[image: image]
Figure 21.2 Clinical definitions of IR and type 2 diabetes in HIV infection.
21.3 Clinical Considerations

21.3.1 Clinical Monitoring
Monitoring for signs of IR should be included within routine HIV clinical monitoring. Regular monitoring of glycemia is most important in those at highest risk of developing diabetes: those who have experienced lipodystrophy; have central adiposity; those who have a BMI of 30 or greater; those who are aged 50 years and over; and those of non-Caucasian ethnicity [4]. A flowchart for clinical monitoring is presented in Figure 21.3. In addition to considering the specific risks for developing IR and T2DM in HIV infection, the 10-year diabetes risk can be calculated by using a range of online tools.

[image: image]
Figure 21.3 Clinical monitoring for IR in HIV infection.
21.3.2 Clinical Considerations and Treatments for People with HIV and IR
People with HIV and IR, whether prediabetes or type 2 diabetes itself, have particular clinical considerations and should be referred for specialist treatment. Although there is lack of direct evidence, some clinical considerations are listed in Figure 21.4 and a suggested referral and treatment guideline in Figure 21.5. Current European HIV guidelines state that management of diabetes should follow general principles, including lifestyle management as a primary treatment [20].


[image: image]
Figure 21.4 Clinical considerations for IR and type 2 diabetes in HIV infection.
[image: image]
Figure 21.5 Referral and treatment guidelines for IR and type 2 diabetes in HIV infection.
21.4 Diet

21.4.1 Review of Dietary Interventions for People with HIV and Diabetes
A review of lifestyle interventions for managing IR in those with HIV [4] contrasts two small studies showing no statistically significant effect of diet and exercise interventions on IR with three small studies that show limited effects. The strongest evidence for the impact of lifestyle change does not involve diet is presented in a Danish pilot study (n = 20), which demonstrated that intensive strength and endurance exercise can have a strongly positive effect on HIV infection–associated peripheral IR [21]. There are no published studies investigating the prevention of T2DM in HIV infection; however, a Brazilian study (n = 83) demonstrated that patients with HIV receiving advice on diabetes prior to and for 12 months following commencement of HAART did not experience the weight gain seen when starting treatment [22]. Clearly, there is a need for further research on lifestyle-related intervention for both the prevention and treatment of IR in those with HIV.
21.4.2 Nutritional Assessment for People with HIV and IR
In addition to a standard nutritional assessment, there are several factors to consider for people with HIV who are at risk of or have T2DM, as outlined in Figure 21.6.

[image: image]
Figure 21.6 Nutritional assessment for IR and type 2 diabetes in HIV infection.
21.4.3 Dietary Therapy for People with HIV and IR
Given the lack of HIV infection–specific evidence for dietary therapy for IR in HIV infection, general guidelines should be followed. Guidelines for dietary intervention to both prevent and treat T2DM have been developed with the use of evidence-based systematic review methodology [23] and are summarized below:
[image: ent] Achieve and maintain both weight and waist size within the normal range, adjusted for gender and ethnicity.
[image: ent] In those with prediabetes (borderline diabetes) achieving a 7% weight loss in 6 months has been shown to normalize glycemia. Large prevention studies used a combination of diet and physical activity interventions to achieve this weight loss, including, for example, walking 10,000 steps per day measured by a pedometer.
[image: ent] Caloric intake should be balanced with energy expenditure.

[image: ent] Moderate fat intake that provides less than 30% of total caloric intake is recommended.
[image: ent] Increase the intake of fruits and vegetables, between five and seven portions together per day.
[image: ent] Whole grains should comprise at least 50% of carbohydrate intake.
[image: ent] Limit foods and drinks containing added sugar.
[image: ent] The overall glycemic index (GI) or glycemic load (GL) should be monitored and moderated.
[image: ent] Given the high rates of comorbidity with hypertension, people with diabetes should consume less than 40 mmol sodium daily.
[image: ent] Given the high rates of comorbidity with cardiovascular disease, people with diabetes should consume two portions of oily fish weekly.


21.5 Conclusions
Dysglycemia is common in those with HIV. Regular screening for diabetes should be part of routine testing. Prediabetes or borderline diabetes is potentially reversible, and those presenting with this condition should be referred for counseling for lifestyle intervention. There are special considerations for people living with HIV and diagnosed with type 2 diabetes, including potential drug–drug interactions and poorer outcomes. Dietary assessment and treatment should take account of both the HIV infection and diabetes.
21.6 Future Research Needed
There is a need for developing the evidence base regarding diabetes in HIV infection. ART is evolving, with the emergence of new classes of drug as well as the development of new formulations of existing drug classes. It would be sensible to understand the effects of the newly developed medicines on IR to prevent treatment-induced diabetes. Further work is needed to clarify the phenotype of dysglycemia in HIV infection given the evolution of ART. With regard to HIV and diabetes comorbidity, further research is warranted in areas such as outcomes of long-term diabetes control and the progression of complications, including retinopathy, kidney disease, cognitive decline, dyslipidemia, and microvascular damage, all of which have the potential to be exacerbated in HIV infection. This research should investigate both type 1 and type 2 diabetes in HIV infection. Finally, given the lack of published lifestyle intervention trials, further research on the role of diet and exercise in both the prevention and treatment of IR in HIV infection is warranted.
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Chapter 22
Heterogeneity in Nutritional and Lipid Profiles in Children and Adolescents with Human Immunodeficiency Virus Treated with Highly Active Antiretroviral Therapy
Jacqueline Pontes Monteiro and Roberta Garcia Salomão,    Department of Pediatrics, Nutrition and Metabolism Course, Faculty of Medicine of Ribeirão Preto, University of São Paulo, São Paulo, Brazil


This chapter aims to discuss the heterogeneity aspects of the impact of antiretroviral therapy (ART) on the nutrition and clinical status of children and adolescents with human immunodeficiency virus (HIV) infection. The prevalence of lipodystrophy in children varies among subjects and by geographic regions. There is no consensus regarding the monitoring of lipids in children on highly active antiretroviral therapy (HAART) or the modification of treatment in the presence of lipid alterations because the pathogenesis is complex and multifactorial and includes direct effects on lipid metabolism, genetic polymorphisms, and mitochondrial and adipocyte cell function. Side effects do not occur in all treated patients, and there is a very large heterogeneity in the emergence and severity of the symptoms. This variability suggests that host genetic factors may play a role. To expand our knowledge and better comprehend the systems biology related to lipodystrophy syndrome, our group proposes intervention studies where the subject is her or his own control, relying on global quantitative measures on the genome, transcriptome, proteome, and metabolome. This type of study looks for different metabolic groups and is based on high-throughput technologies and measures over time in homeostatic and challenged states, allowing metabolic flux analyses. Integration and meta-analyses of data with computational network biology methods will be needed.
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22.1 Impact of Antiretroviral on Nutrition and Clinical Status
Growth and nutrition can be severely compromised in untreated or insufficiently treated children with human immunodeficiency virus (HIV). In the last 10 years, the implementation of combination antiretroviral therapy (ART) in some countries has significantly changed this picture, providing improvement in survival, reduction in the incidence of opportunistic infections, and recovery of normal growth patterns [1,2]. Despite adequate nutritional improvement, our group in Brazil [3] showed that clinically stable HIV-positive children and adolescents still present a more compromised nutritional status compared with healthy controls paired for age, gender, and quality of life, in the highly active antiretroviral therapy (HAART) era. Ramalho et al. [4] also found that children on protease inhibitors (PIs) had a higher risk of lipoatrophy (LA) and malnutrition (22.3%). In a report from India, the prevalence of malnutrition varied from 17% to 62% [5].

The enthusiasm generated by the encouraging results of ART has been somewhat overshadowed by its various adverse effects. Metabolic abnormalities (dyslipidemia and insulin resistance [IR]) and fat redistribution in body composition have been reported since the introduction of ART, but the definition of lipodystrophy (LD) syndrome has not been validated in children. With respect to body fat redistribution, most authors distinguish between lipohypertrophy (LH) (central gain in adiposity in the abdomen, posterior neck, and breast) and LA (loss of adipose tissue in the face or limbs), the mechanisms of which may be varied [6–15]. PIs and the nucleoside reverse transcriptase inhibitor (NRTI) drug stavudine (D4T) are the agents most frequently associated with such side effects [16,17].

Jaquet et al. [11] observed an increased frequency (23%) of dyslipidemia in children with HIV but without LD, suggesting that hypertriglyceridemia, hypercholesterolemia, or both could reflect the changes in adipose tissue that precede fat redistribution. Our group and others also found abnormalities in triglycerides (TG) and low-density lipoprotein cholesterol (LDL-C) without correlation to body composition [18–21]. In contrast, Ene et al. [22] showed that metabolic alterations in the absence of fat redistribution were not related to the duration of ART nor to the number of drugs received in subjects 3 to 19 years of age in Brussels [22]. These results indicate that there are different metabolic responses and that this heterogeneity must be taken into account during treatment.

Possible risk factors for the development of morphologic and metabolic disturbances in children receiving ART are pubertal development during PI therapy, virologic response to HAART [20], severity and duration of HIV infection, duration and type of ART, suppression of viremia, lipid abnormalities before the introduction of ART [23], and genetic profile. Hence, the prevalence of LD in children varies among subjects and by geographic regions.

A scientific statement from the American Heart Association noted that 20–50% of children with HIV who are treated with PIs developed metabolic abnormalities [24], whereas others reported a prevalence ranging from 1% to 57% [7,10–12,19,22,25–29]. A Brazilian cross-sectional study determined the influence of ART on the lipid profile and insulin sensitivity of 119 patients aged 6–19 years who had been perinatally infected by HIV. Inadequate high-density lipoprotein cholesterol (HDL-C) concentrations were observed in 81.4% of patients. High concentrations of total cholesterol (TC), LDL-C and TG were found in 33.9%, 9.7%, and 35.6% of patients, respectively [30]. Piloya et al. [31] found a high prevalence of LD (fat redistribution—27% and hyperlipidemia—34.0%) in children with HIV on ART in Uganda, with an increase in rate observed during puberty. The authors cited above have observed different prevalence rates in children and adolescents with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS), which may reflect different metabolic responses. The heterogeneity makes it difficult to compare studies and, as a consequence, to set a universal treatment [31].

Impaired glucose homeostasis has also been reported among 8–35% of children with HIV [32]. There are limited longitudinal data on IR in children with HIV on ART, but some reports have documented an increased prevalence over time [33,34]. Our group measured glucose, insulin, and lipids in 249 perinatally infected Latin American children. Only one subject had impaired fasting glucose, and 6.8% had IR. Abnormalities in total, LDL-C, HDL-C, and TG were reported for 13%, 13%, 21%, and 34%, respectively. Insulin sensitivity, assessed by using the Homeostasis Model Assessment (HOMA) index, was also diagnosed in 16.7% Brazilian patients, with a statistically higher proportion (P = 0.034) of insulin-resistant children (33.3%) compared with adolescents (12.5%) [30,35].

Progression of HIV infection and the adverse health effects of ART lead to a chronic inflammatory condition and to impairment of the immune system in the child. It is, therefore, crucial to evaluate and monitor the antioxidant defense (micronutrients) mechanisms that might influence the progression of HIV infection.

Despite the benefits of HAART, vitamin status in children is still a concern. Our group analyzed 336 children (124 with HIV, 212 exposed to HIV but uninfected) ages 1 year or more to less than 4 years. The rates of low concentrations were 74% for retinol, 27% for β-carotene, and 89% for vitamin E. Among the children with HIV, those treated with antiretrovirals were less likely to have retinol deficiency, but no other HIV-related factors correlated with micronutrient low serum levels [36]. The Brazilian children with HIV on HAART seemed to present normal niacin status [37]. A recent study has reported vitamin D deficiency in youth, which may occur as a complication of ART and result in bone demineralization [38]. Reduced bone mineral density (BMD) has been well described in adults with HIV and more recently similar bone loss has been reported in children with HIV on ART [39,40]. The combination of severe malnutrition and concurrent micronutrient deficiencies in children started on ART in resource-limited settings may lead to further reductions in BMD in these populations [41].

The prevalence of vitamin D deficiency, as measured by blood concentrations of 25-hydroxyvitamin D (25(OH)D), is very high in the population with HIV, including in adolescents with HIV [38,42–45]. Efavirenz (EFV) and some PIs have been associated with vitamin D deficiency but their role in vivo is still unclear [46,47].


As more children with HIV receive life-long ART, the long-term consequences of poor vitamin status, LD, and the associated dyslipidemias and IR may increase their lifetime risk of cardiovascular disease (CVD). However, long-term data on children as they progress into adolescence and young adulthood are lacking. Studies have failed to correlate micronutrient intake and serum or erythrocyte levels with lipid profile [48–52]. In addition, the prevalence of vitamin deficiency varies across populations, especially because of lack of consensus with regard to techniques and because of heterogeneity.

LD syndrome has been described in children with HIV treated with HAART, but most of the pediatric studies reported to date have involved small samples or were multicentric [7,10,11,13,19]. There is no consensus regarding the monitoring of lipids in children on HAART or the modification of treatment in the presence of lipid alterations. More well-designed studies should be performed, taking heterogeneity into consideration to look for different metabolic responses in children and adolescents with HIV.
22.2 Assessment of Nutritional and Metabolic Abnormalities
Measurement of waist-to-hip ratio, skinfolds, and limb circumferences is an inexpensive way to determine fat distribution, but it requires significant standardization and experience and only measures subcutaneous fat [17], whereas bioelectrical impedance measures lean body mass and total body fat but not regional fat distribution [53]. The cutoff points for abnormal lipid levels are defined as follows: TC greater than 200 mg/dL, LDL-C greater than 130 mg/dL, TG greater than 100 mg/dL in children 0–9 years, and TG greater than 130 mg/dL in adolescents 10–19 years of age [54]. For glucose homeostasis, fasting insulin and glucose levels and indices derived from the oral glucose tolerance test correlate well with hyperinsulinemic euglycemic clamp both in adults and children. The most frequently used in clinical investigations are fasting IR (HOMA-IR) indices [55].
22.3 The Pathogenesis of ART-Associated LA and LH
The pathogenesis of ART-associated LA and LH varies; it is complex and multifactorial, including direct effects on lipid metabolism, genetic polymorphisms, and mitochondrial and adipocyte cell functions [56,57]. The complexity of systems biology has not allowed us, so far, to fully comprehend the complete pathogenesis. PI-containing therapy may have a direct influence on the lipid profile by inhibiting an LDL-C receptor–related protein that blocks the uptake of lipoproteins and their metabolism or increases apolipoprotein B metabolism. Such therapy might also stimulate very-low-density lipoprotein (VLDL) cholesterol synthesis, induce adipogenesis, and lower the expression of insulin receptors on adipocytes, consequently increasing the release of free fatty acids and inducing the hepatic production of lipoproteins [58]. The role of PIs in inducing apoptosis of adipocytes and dysregulation of the transcription factors involved in adipogenesis is also a potential mechanism that has yet to be described [6,8,17]. Subsequent studies demonstrated the contribution of NRTIs, probably through mitochondrial toxicity [17,59–62]. Mitochondrial dysfunction could lead to decreased adenosine triphosphate (ATP), decreased lipogenesis, and increased proapoptotic mediators, which result in fat apoptosis [49,63]. Puberty has been identified as a risk factor when LD is most likely to develop [17,31]. McComsey and Leonard [17] noted that the mechanism by which patients receiving HAART develop IR has not been totally elucidated [17].

Our group suggested that resting energy expenditure adjusted for lean body mass was significantly higher in adult individuals with HIV and LD compared with healthy controls, and patients with HIV had increased carbohydrate oxidation and lower lipid oxidation compared with the control group [64], which can, at least in part, also explain LD pathogenesis.

These side effects do not occur in all treated patients, and there is a very large interindividual variability in the emergence and severity of the symptoms. A study of identical twins showed that genetic factors are involved in the accumulation of visceral adipose tissue [65]. This variability suggests that host genetic factors may play a role and inherited predispositions and may have a significant influence on the appearance of LD and metabolic alterations as well as on the viroimmunologic response to the drugs [66,67]. Omics science (genotyping, proteomics, and metabolomics) should be used to elucidate the complexity of LD pathogenesis.
22.4 What Is the Adequate Intervention on the Scope of Subject Heterogeneity?
Adequate nutrition is critical for optimal immune function. Dietary therapy is therefore regarded as an important adjunct in the clinical care of patients with HIV. It is believed that achieving and maintaining optimal nutrition will improve the individual’s immune function, reduce the incidence of complications associated with HIV infection, attenuate the progression of HIV infection, improve quality of life, and ultimately reduce mortality associated with the disease [68,69]. It is still not known how “optimal nutrition” for children and adolescents with HIV can be defined.


In general, clinicians have applied some consensual interventions. The first step in the management of dyslipidemias and IR is lifestyle modification with a low-lipid diet and aerobic exercise. If the child is on a PI-based regimen, switching to a PI-sparing regimen or atazanavir (ATV) can reduce TC, TG levels, and IR, as studies have shown [42,70,71]. McComsey et al. [72] and Vigano et al. [73] studied children with viral suppression, who were switched from a PI-containing regimen to EFV, with significant improvements in TC, LDL, TG levels [72,73]. If there is inadequate response after 6–12 months from the initial intervention, then lipid-lowering drugs such as statins (pravastatin and atorvastatin) may be considered for children aged 8–10 years or older, who have LDL levels greater than 190 mg/dL or greater than 160 mg/dL and a family history of CVD [54]. There are limited data on the use of resins (bile acid sequestrates) and cholesterol-absorption blockers (ezetimibe) in children with HIV; however, these drugs are approved by the US Food and Drug Administration—for use in children with familial hypercholesterolemia.

When we expand current knowledge to the field of micronutrient intervention, the question as to which intervention is adequate remains unanswered. The extent to which vitamin D deficiency contributes to low BMD in the population with HIV is largely unknown, unlike in the case of the general population, for which there are solid data from randomized, placebo-controlled trials suggesting that vitamin D and calcium supplementation decreases the risk of fractures and improves BMD in both adults and children [74]. In contrast, studies on the population with HIV are mostly cross-sectional, observational, or retrospective in nature and show conflicting data [75–77]. Only one study has been specifically designed to evaluate the bone effects of vitamin D supplementation in children and adolescents with HIV [78]. Arpadi et al. evaluated bone mass accrual in 64 perinatally infected individuals, aged 6–16 years, after 2 years of 100,000 IU of vitamin D3 given every other month plus daily calcium compared with placebo. No differences were found in bone mass parameters between the two groups after adjusting for confounding variables. An important limitation of the study was that individuals with severe vitamin D deficiency were ineligible for the study, which excluded the group likely to benefit the most from the intervention [78].

Although the World Health Organization is currently updating the guidelines for nutritional interventions, current guidelines for populations with HIV are based on an appraisal of the evidence conducted in 2003 and a consultative meeting in 2005. A review of all the evidence, which is as up to date as feasible, should be performed when formulating guidelines. Because of the different populations at different stages of HIV infection and with varying treatment status plus relatively small size of the trials in heterogeneous studies, it is difficult to draw firm conclusions to generate guidelines to fit all requirements. Grobler et al. [79] conducted a meta-analysis using the random effects model. Their review established that experimental evidence on the effects of macronutrient supplementation on important clinical outcomes in adults and children with HIV is surprisingly limited; despite an exhaustive search, they found only 14 relatively small randomized controlled trials that met the inclusion criteria of their review. As all the supplements included micronutrient supplementation, it is not possible to determine if the observed effects of an increase in energy and protein intake are due to the combination of the macro- and micronutrient components or the macronutrient component alone. Variations in the nutritional composition of active supplements and in control interventions across studies, as well as differences in the disease stage of the participants in various studies (which can significantly affect intake and absorption of food), limit the value of the meta-analysis and complicates the interpretation of the findings [79]. Another meta-analysis conducted by Irlam et al. [80] found that multiple micronutrient supplements offer some benefits and are safe in pregnant women with HIV and their offspring in a large Tanzanian trial. Vitamin A and zinc supplements are beneficial and safe in children exposed to and infected by HIV, especially in Africa. Vitamin A was also associated with improved mortality rates, ranging from 28% to 63%, and multi-micronutrient supplementations were not associated with improvement of measured health outcomes [81]. Further research that considers heterogeneity and systems biology is needed to build the evidence base for single supplements in adults and children in diverse settings.

There are major differences between individuals with HIV in resource-rich countries and those in resource-poor countries with regard to income level, availability of adequate nutrition, and access to basic health care or life-prolonging ART. In addition, patient groups vary in terms of their response to the virus, stage of the disease, susceptibility and exposure to opportunistic infections, nutritional status, and treatments. These observations highlight some challenges in applying the findings of trials conducted in high-income countries to people in resource-constrained countries, where nutritional status is generally poor and access to ART is limited. In other words, the heterogeneity due to all variables above makes it hard to define “optimal nutrition” in such complex populations in the world and, as a consequence, makes translational research inefficient. It is clear, however, that one intervention will not fit all.
22.5 Impact of Genetic Polymorphisms on the Risk of LD
Patient-to-patient heterogeneity has been linked to a long list of genetic and environmental factors, and it manifests in a variety of responses of different severities in each affected individual. This heterogeneity in etiology and clinical responses is also likely to extend to heterogeneity in responses to nutritional intervention [82].

It is worth remembering that disturbances in nutritional status in children with HIV have a complex pathophysiology, encompassing nutrient intake, a catabolic state mediated by chronic inflammation and recurrent infections, endocrine factors [83], physical activity, and genetic profile.

Patient-to-patient heterogeneity has been considered for a long time. Walker [84] stated in 1965: “In a country including heterogeneous populations which differ in race, nutrition and other environmental factors, caution is required in the interpretation of clinical laboratory data.”

Single nucleotide polymorphisms (SNPs) in genes involved in lipid metabolism and in apoptosis may explain individual variations in the development of morphologic and metabolic alterations during HAART [57].

Among the possible candidates, apolipoprotein C3 (ApoC3), which is mainly produced by the liver and is located on VLDL, is one of the most studied; the ApoC3 content of triglyceride-rich lipoproteins (TRLs) is a marker of TRL metabolism and clearance of VLDL and chylomicrons [85]; ApoC3 inhibits lipoprotein lipase (LPL) in vitro [86] and is normally repressed by insulin.

Fas and its ligand, which represent the main genes that control apoptosis in the immune system, have not yet been evaluated in HIV-related LD; the combination of some polymorphisms located in the promoters and in the coding region of these genes have been associated with enhanced immune reconstitution during ART [87].

The peroxisome proliferator-activated receptor γ is a nuclear hormone receptor necessary for the differentiation of preadipocytes into mature adipose cells; it also plays an important role in lipid metabolism, insulin sensitivity, atherogenesis, and immune regulation [88–91]. Adrenergic receptors (ARs) are G-protein–coupled receptors for catecholamine; they are essential components of the autonomic nervous system, which controls various physiologic functions, including the metabolism of glucose and lipids [92]. The impairment of the autonomic nervous system function is associated with obesity and related complications such as diabetes and CVDs [93–95]. Several studies have suggested an association between obesity phenotypes and some polymorphisms located in the functional regions of the AR, particularly the β3 and the β2 AR [96]. The β2-AR protein has been shown to play a major role in lipolysis in subcutaneous fat [97]. The two aminoacidic variants located in the extracellular portion of the β2-AR (Arg16Gly and Gln27Glu) are in linkage disequilibrium and have been previously associated with metabolic syndrome [98].

Zanone Poma et al. [57] found that ApoC3_455 CC genotype, ARβ3 codon 64_TT genotype, and Fas_670 GG genotype were protective genotypes for LA, whereas the ARβ2 codon 27_CC genotype was protective against fat accumulation, and the ARβ2 codon 16_AA genotype was associated with higher risk of fat accumulation [57]. In conclusion, different factors are related to different manifestations of LD syndrome. Other previously identified factors such as patient gender and age, as well as the type of drug, play an important role.

Likanonsakul et al. [99] also confirmed the role of genetics in the development of ART-related metabolic disorders in Thai patients. Fas–670AA affected the incidence of LA in Thai patients with HIV-1, whereas the ApoC3–455C allele affected the serum levels of TG. The frequency of the AA genotype of Fas–670 in 829 Thais with HIV-1 was 22.1%, which is similar to the percentages in Europeans and Japanese but is markedly higher than that in Africans. As Fas–670AA caused a 70% increase in risk of LA, this genotype is a candidate for future pretherapy genetic screening [99]. It is also necessary to confirm the findings on Fas–670AA and other unknown genes in a larger patient cohort.

Colombero et al. [100] found a protective effect of LPL polymorphisms against hypertriglyceridemia in children after 1 year of HAART. The presence of P-allele was associated with a 11-fold lower risk of hypertriglyceridemia [100].

These data suggest that the mechanism underlying the promotion of LA and LD in individuals with HIV receiving ART may be different from that promoting metabolic syndrome. However, the differences in results may be caused by ethnic differences in the cohorts. It was reported that genetic polymorphisms in hepatic lipase showed different effects on plasma lipid levels in different ethnic groups [101]. Foulkes et al. [66] found race- and ethnic-specific differences in plasma lipid levels in patients on ART, as well as differences in the influence of ApoC3 T–455C and the other SNP in the ApoC3 gene on the development of PI-related hypertriglyceridemia [66]. It is still necessary to find other SNPs that increase the risk of LA for accurate screening because it is not a single factor that will be responsible for an effect. It is much more complex than this, so nutrition science will be in danger of oversimplifying LD syndrome.
22.6 A Systems Approach to Investigate LD Syndrome
Nutrition research, like most biomedical disciplines, adopted and often uses experimental approaches based on Beadle and Tatum’s one gene–one polypeptide hypothesis, thus reducing biologic processes to single reactions or pathways. Systems thinking is needed to understand the complexity of health and disease processes requiring measurements of physiologic as well as environmental and social factors, which may alter the expression of genetic information [102].


The simple visual figures of biochemical transformations have led to “the illusion of explanatory depth” [103]. That is, these maps do not provide an understanding of how and why an organism functions or responds to a treatment because biologic processes are highly complex, interactive, and dynamic due to interactions within and between cells and organs and because these processes are constantly interacting with environmental factors [102]. Using a single biochemical pathway as the benchmark for the effects of ART will not explain the system’s response. As an example, a map of the central immunity pathway linking the toll-like receptor 4 to the transcription factor NFκB (a master regulator responsive to nutrients) contains only 20 core components, but adding just the main interacting elements of these 20 core proteins expands the network to more than 800 proteins [104].

To expand our knowledge and better comprehend systems biology related to LD syndrome, our group (Kaput et al.) [102] proposes intervention studies where the subject is her or his own control, relying on global quantitative measures on the genome, transcriptome, proteome, and metabolome [102]. The aim of this type of study is to look for different metabolic groups, and the study is based on high-throughput technologies and measures over time in homeostatic and challenged states, allowing metabolic flux analyses [105,106]. For this purpose, integration and meta-analyses of data with computational network biology methods will be needed. We believe that measures of the environment such as diet, physical activity, and other lifestyle factors, as well as psychosocial factors, may influence the expression of genes and the levels of proteins and metabolites and may promote mutagenic effects; so, these factors must be taken into account in the approach [102]. A major challenge in implementing and using systems approaches may be to ensure sufficient and accurate quantitative data from the individual, family, and community levels with data standards adopted across studies. Assessing many factors and stressors that affect physiologic processes will be a significant challenge, since the immune system and food and nutrition security are complex systems [102]. Therefore, harmonized studies and appropriate tools are crucial in this approach to investigate LD syndrome.
22.7 Conclusions
The pathogenesis of ART-associated LA and LH is varied; it is complex and multifactorial, including direct effects on lipid metabolism, genetic polymorphisms, and mitochondrial and adipocyte cell functions. There is no consensus regarding the monitoring of lipids in children on HAART or the modification of treatment in the presence of lipid alterations. SNPs in genes involved in lipid metabolism and in apoptosis may contribute to the individual variations in the development of morphologic and metabolic alterations during HAART. Nevertheless, it is still necessary to find gene–gene interactions that increase the risk of LD for accurate screening. It is not a single SNP that will be responsible for an effect, as it is much more complex than this; therefore, nutrition science will be in danger of oversimplifying LD syndrome. What is “optimal nutrition” for children and adolescents with HIV in the HAART era has still not been clearly defined. A robust systems biology evidence base is required to guide policy and practice and to understand the importance of nutrition and its association with LD in children and adolescents with HIV and how nutritional interventions can be aligned with the proven advantages of ART for children at different stages of HIV infection.
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Chapter 23
Dietary Intervention for Dyslipidemia in Human Immunodeficiency Virus Infection
Annie Bello,    Applied Clinical Nutrition Department, State University of Rio de Janeiro (UERJ) and Researcher at the National Institute of Cardiology (INC), Rio de Janeiro, Brazil


There is a general consensus that lifestyle changes focused on diet and physical activity should be the first approach to treating dyslipidemia in individuals living with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS), mainly those with metabolic changes related to highly active antiretroviral therapy (HAART). Usually, HIV-infected individuals have a risky food consumption pattern, with high intake of fats, saturated fats and cholesterol, and low intake of fibers, vitamins and minerals. Dietary intervention has been recommended for the prevention and primary control of hypercholesterolemia and hypertriglyceridemia in patients with HIV on HAART. Dietary prescription should focus on improving diet quality, providing practical guidance to a healthier food pattern (Mediterranean, Dietary Approaches to Stop Hypertension [DASH], or National Cholesterol Education Panel [NCEP]), in addition to restricting consumption of ultra-processed food. It is worth noting that lifestyle changes should be recommended at the beginning of HAART because it can avoid, or at least postpone, the use of lipid-lowering drugs, in addition to preventing cardiovascular disease (CVD).
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23.1 Prevalence and Definition
Highly active antiretroviral therapy (HAART) has caused a significant reduction in the mortality and incidence of opportunistic infections in individuals with human immunodeficiency virus (HIV), with a subsequent increase in their survival, which has deeply impacted the history of HIV infection [1]. The worldwide decrease in mortality from acquired immune deficiency syndrome (AIDS) reflects the current chronic character of HIV infection [2].

Living with HIV/AIDS has characteristics similar to those of living with other noncommunicable chronic diseases, requiring lifestyle changes and pharmacologic management to prevent cardiovascular (CV) events [2]. In that context, HIV-associated lipodystrophy syndrome, characterized by dyslipidemia and blood glucose and morphologic changes with lipoatrophy and lipohypertrophy, stands out [3]. The changes usually occur 3 months after beginning HAART [4].

The prevalence of dyslipidemia and other risk factors for cardiovascular disease (CVD) is high among patients with HIV/AIDS on HAART, ranging from 20% to 80%, depending on the study design and population [5]. Some observational studies have reported that the incidence of CV events in patients with HIV on HAART is higher than that observed in the general population [6,7].

The dyslipidemia of patients with HIV on HAART seems to differ from that of patients not undergoing HAART. The latter usually have high serum triglyceride (TG) and low serum total cholesterol (TC) levels [8], which confer a residual risk for coronary artery disease. HAART-associated dyslipidemia is characterized by high serum levels of TC, TG, low-density lipoprotein cholesterol (LDL-C), very low-density lipoprotein cholesterol (VLDL-C), and apolipoprotein B (apoB), as well as low serum levels of high-density lipoprotein cholesterol (HDL-C), all of which constitutes an atherogenic lipid profile [9]. The reduction in the size of LDL-C particles, which are transformed into small dense lipoproteins, can be associated with new events and an additional risk for coronary artery disease independently of other lipid parameters [10].

An imbricated and inconclusive causality network explains the occurrence of such lipid changes, involving the HIV infection itself, the type of drugs used, the antiretroviral therapy (ART) regimen, and traditional risk factors such as an atherogenic diet and physical inactivity [11].

Lifestyle changes are aimed at encouraging patients to increase physical activity, reduce body weight, and change dietary habits. However, such changes may not be sufficient to normalize lipid levels, so drug therapy is then indicated.

The treatment for dyslipidemia of individuals with HIV on HAART can result in important drug interactions. Both simvastatin and lovastatin are likely to interact with protease inhibitors (PIs) and non-nucleoside reverse transcriptase inhibitors (NNRTIs) because these agents are metabolized by cytochrome P450 [12]. Thus, either switching from PIs or changing the statin dosage can improve the lipid profile, according to the Department of Health and Human Services Panel on Antiretroviral Guidelines for Adults and Adolescents [13].

Dietary intervention is recommended for the prevention and primary control of hypercholesterolemia and hypertriglyceridemia in patients with HIV on HAART [14–17]. Adherence to nutritional treatment reduces the incidence of CV events as well as the toxicity associated with lipid-lowering drugs [18]. In addition, diet quality and access to food are fundamental and directly associated with a lower risk of virus transmission, increased adherence to HAART, and better nutritional status and outcomes, which points to the importance of improving the quality of the diet and the patient’s life [19].

The World Health Organization (WHO) recommends that nutritional interventions be made part of all programs for AIDS control and treatment because both diet and nutrition can improve adherence to HAART and its effectiveness, in addition to contributing to controlling metabolic changes [15].

23.2 Dietary Intake of Patients with HIV on HAART with Dyslipidemia
The diet quality of patients with HIV seems to be worse than that of individuals without HIV [20], and a study has shown that although the calorie intake may be the same, the diet of patients with HIV had a higher amount of fat, saturated fat, and cholesterol [21]. The high fat intake seems to be justified by the need for high-calorie food resulting from the increased basal metabolic rate and the effects of the virus and drugs on hunger or satiety control, in addition to changes in taste perception and the poor nutritional guidance and advice given to that population.

The impact of the intake of saturated fat and cholesterol on serum lipid levels and CVD development has been well established in patients without HIV [22]. A positive relationship between saturated fat intake and TG levels seems to exist in patients with HIV [20]. Saturated fat is mainly found in food of animal origin such as meat, poultry, pork, sausage, milk, and cheeses.

A smaller study in patients with HIV has reported a positive correlation between high trans fat intake and dyslipidemia [23]. In that study population, the mean trans fat intake reached 2% [23], whereas a diet with lower than 1% trans fat intake is recommended [17,24,25]. The major sources of trans fat are bakery products such as breads and cookies, margarine, and fried foods. In addition, the food industry often adds that type of fat to products to improve their texture.

Dietary protective factors for individuals with HIV include proteins [17] and monounsaturated and omega-3 polyunsaturated fatty acids (PUFAs). However, some studies have shown that the intake of those nutrients in patients with HIV is lower than current recommendations [23]. The major sources of unsaturated fat are salmon, tuna, olive oil, and avocado.

A meta-analysis of studies in individuals without HIV has clearly shown an inverse relationship between soluble fiber intake and serum cholesterol levels [26], mainly due to an increase in the excretion of biliary acids [27]. A study carried out in Brazil has reported that patients with HIV on HAART have low fiber intake and high fat intake [28]. Two studies on patients with HIV [29,30] have reported no relationship between fiber intake and serum TC levels. The recommended daily fiber intake is 10–25 g [15].

With regard to micronutrients, a study conducted in Brazil has shown low calcium intake [28] in patients with HIV on HAART, whereas other studies have reported low intake of vitamins A, C, E, and B6 [31]. The low intake of vitamins and minerals, compounded by a poor nutritional status, resulting from either malnutrition or overweight, can adversely affect the immune system [17]. Another Brazilian study on patients with HIV on HAART has reported poor quality of their diet [32].

Food pattern and diet quality have recently been in the spotlight, with much attention drawn to food groups and their relationship with CV outcomes. The healthy eating index (HEI), a measure of diet quality that assesses conformance to Federal dietary guidance, enables quantifying the dietary contents of nutrients and foods, the deficiency or excess of which might contribute to the development of chronic diseases such as hypertension and diabetes mellitus. The HEI allows diet quality to be monitored and the consumption of certain foods and nutrients to be promoted. In addition, the HEI can be used as a tool to help patients limit the consumption of foods and beverages that contribute to the excessive intake of fat, cholesterol, added sugar, sodium, and alcohol. Consequently, HEI helps prevent noncommunicable chronic diseases and reduce their consequences in individuals with comorbidities.

A study assessing the diet quality of patients with HIV on HAART has reported a mean HEI of 68.3 (maximum score of 100), with 64% of patients receiving a diet requiring improvement and 9% of patients receiving a poor diet. The authors have characterized poor diets as lacking in fruits, vegetables, dairy products, and fibers and having excessive amounts of meats and eggs [32]. Other studies have shown that a poor diet quality can contribute to hypertriglyceridemia [20].

The evaluation of food intake should comprise assessment of food patterns and current diets, as well as factors that influence the person’s ability to achieve a proper diet. In addition to knowing the interaction between food and antiretroviral drugs, the following should be considered: cultural preferences, culinary preparations, food intolerance, and use of supplements. That evaluation can be performed by using 24-h food intake recall and 3-day food record.

Nutritional guidance is effective in preventing and treating hypertriglyceridemia and hypercholesterolemia in patients with HIV on HAART [33]. Dietary changes are mainly aimed at increasing the amount of PUFAs and fibers, reducing alcohol intake, and controlling the intake of dietary cholesterol and saturated fat. The intake of PUFAs and fibers can have the highest impact on controlling lipid abnormalities [29].

Recommendations for the treatment of HIV dyslipidemia do not differ from those for the treatment of populations with a high CV risk [15]. The American Heart Association (AHA) and American College of Cardiology (ACC) Guidelines on Lifestyle Management to Reduce Cardiovascular Risk recommends that the saturated fat consumption be kept below 5–6% of dietary calories and to reduce trans fat intake to the maximum possible level [34]. The American Dietetic Association acknowledges the importance of nutrition as a primary intervention in patients with HIV and suggests that they receive nutritional advice from registered nutritionists [17] (Chart 23.1).


[image: image]
Chart 23.1 Daily nutritional recommendation for patients with HIV on HAART [24,35].

23.3 Nutritional Intervention for the Prevention of Dyslipidemia in HIV Infection
Despite controversies about the effect of nutritional intervention on cholesterol reduction in the population with HIV, a study has provided evidence for the importance of dietary management to prevent HAART-associated lipid changes [33]. This was the first clinical trial that randomly assigned 83 patients to a dietary intervention group, according to the National Cholesterol Education Program (NCEP) recommendations [36], and other patients to a non-nutritional intervention group (control), with a 12-month follow-up. The intervention improved food consumption by reducing fat intake (31%±7% to 21%±3%) and prevented an increase in serum TC and LDL-C levels; these effects were not seen in the control group. In addition, that diet caused a reduction in serum TG levels, whereas in the control group these levels increased. In treatment-naive patients with HIV, dietary intervention prevented the development of HAART-associated dyslipidemia, considering that after a 1-year follow-up, only 21% of the intervention group had a lipid profile compatible with dyslipidemia compared with 68% of the control group [33].

In an editorial, Stein [37] emphasized the importance of nutritional intervention, which, according to him, is as effective as low doses of statin to prevent and treat HAART-associated dyslipidemia. In addition, he highlighted the importance of the quality of intervention such as repeated contact with nutritionists and adherence to a diet plan comprising increased intake of fiber and reduced fat, in accordance with the NCEP recommendations [36].

A meta-analysis with more than 90,000 HIV-negative patients [38] has shown that for every 39 mg/dL reduction in LDL-C, the risk for CV events is reduced by 23%. Another study has estimated a 15% reduction in CV events in patients with HIV with the use of nutritional intervention [33].

23.4 Effect of Interventions in Dietary Pattern on HIV-Related Dyslipidemia: NCEP, Mediterranean, and Dietary Approaches to Stop Hypertension (DASH)
Studies on patients with HIV are highly heterogeneous with regard to population, nutritional status, and nutritional deficiencies and outcomes [39]. Guidelines have recommended nutritional interventions as first-line treatment for HIV-related dyslipidemia [14–16], on the basis of studies in the general population showing a reduction in CV risk and mortality [40].

Several studies on the effect of dietary intervention on the lipid profile of the general population have been conducted, on the following topics: Mediterranean diet [41]; Ornish diet; vegan diet; low glycemic index [42]; dietary portfolio [43]; NCEP diet; and meal replacements. In different studies, dietary interventions have varied in duration and intensity (low, medium, or high) [44].

Changes in lifestyle comprise changing dietary habits, increasing physical activity, and maintaining a healthy body weight [35]. The AHA and the ACC have recently published a guideline on lifestyle management to reduce CV risk [34] and a comprehensive literature review listing the major dietary recommendations for LDL-C reduction. According to that AHA/ACC consensus, patients should be instructed to choose foods consisting of vegetables, fruits, whole grains, low-fat dairy products, fish, poultry, pulses, nuts, and vegetable oils. In addition, they should limit the consumption of sweets, sweet beverages, and red meat. That document emphasizes the importance of adapting food patterns to energy requirements and to personal and cultural food preferences as well as the importance of providing specific nutritional guidance in the presence of associated morbidities such as diabetes mellitus. With regard to food pattern, the AHA/ACC guideline recommends following the DASH diet, the US Department of Agriculture National Nutrient Database for Standard Reference, and the AHA diet.
23.4.1 NCEP Diet and Dyslipidemia
Low-fat diets such as that recommended by the NCEP have also proven to be effective in reducing serum lipid levels and the risk for CVDs [24]. The NCEP recommends a diet pattern with restriction of saturated fat (<7%), minimum intakes of PUFAs and monounsaturated fats of 10% and 20%, respectively, and total fat intake of 25–35%. In addition, the NECP emphasizes the importance of a daily fiber intake of 20–30 g, and calorie intake to maintain ideal body weight and to prevent weight gain [24].

A meta-analysis has suggested that the NCEP Therapeutic Lifestyle dietary intervention reduces TG by 18.2% [45] and TC by 8% [36] in the general population. Providing NCEP-based recommendations on lifestyle changes should be the primary approach [46].

A clinical trial has assessed the isolated effect of nutritional intervention by using NCEP recommendations in 230 patients with HIV on HAART and who had dyslipidemia. That study has shown that adherence to low-fat diet for 6 months could reduce the serum TC and TG concentrations by 11% and 23%, respectively [47]. Despite the excellent result, that study was questioned because it involved a low-fat diet instead of a normal-fat diet as recommended. Other authors have concluded that adherence to a low-fat diet can be impaired by its low palatability [30].

A meta-analysis, involving seven randomized clinical trials, assessed the effect of different nutritional interventions on the lipid profile of patients with HIV. Most of the trials, which had used the NCEP diet, showed a reduction in the levels of TG, but not in LDL-C, after 8 months of treatment [18]. Although the NCEP diet clearly reduces LDL-C levels in the population with CV risk [36], no reduction in LDL-C was observed in patients with HIV. Another study has suggested that a more intensive intervention and better adherence to treatment would be required to achieve better results with LDL-C levels [18] (Table 23.1).


Table 23.1

Effect of the NCEP Intervention on the Lipid Profile of HIV-Infected Patients





	Authors, year
	Study design
	n/N
	Intervention
	Duration
	Results




	Lazzaretti et al., 2012 [33]
	RCT
	43/40
	Phase 2 NCEP sessions every 3 months
	12 months
	Reduced TG


	=TC


	Balasubramanyam et al., 2011 [46]
	RCT
	38/30
	NCEP-style diet sessions every 2 months
	6 months
	=TG


	=TC


	Fitch et al., 2006 [48]
	RCT
	12/16
	NCEP-style diet weekly sessions+3 h exercise
	6 months
	Reduced TG


	=TC
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n, intervention; N, control; RCT, randomized clinical trial; TG, triglyceride; TC, total cholesterol.


23.4.2 DASH Diet and Dyslipidemia
The DASH diet was originally proposed to control blood pressure, and its effect on the lipid profile has been recently assessed [49]. The DASH diet is rich in vegetables, fruits, low-fat milk and dairy products, whole grains, poultry, fish and nuts, and low in sweetened beverages and red meat. The DASH pattern comprises small amounts of saturated fat (mean of 7%) and is rich in potassium, magnesium, calcium, proteins, and fibers.

In a multicenter clinical trial, the DASH diet caused a greater reduction in LDL-C levels (11 mg/dL) but had no effect on TG levels [49]. Another study performed with the modified DASH diet (10% of carbohydrate replaced with protein or unsaturated fats) showed a reduction in LDL-C (−3 mg/dL) and TG (−16 mg/dL) levels after a 6-week follow-up [50].

No study on the effect of the DASH diet on patients with HIV and dyslipidemia has been performed, but we suggest that the diet might be effective, considering the international consensus that the nutritional intervention for patients with HIV should be the same as that for patients without HIV [17,18,35]. In addition, we suggest that a modified DASH diet with greater protein content may be more beneficial because protein is essential for immunity [17,51] (Table 23.2).


Table 23.2

Number of Food Servings and Nutritional Characteristics of the DASH Diet and its Comparison with the Traditional Diet





	Groups
	DASH diet
	Control
	Macronutrients (%)
	DASH diet
	Control




	Fruits
	5.2
	1.6
	Total fat
	26
	36


	Vegetables
	4.4
	2.0
	Saturated fat
	7
	14


	Low-fat dairy
	2
	0.1
	MUFA
	10
	12


	Regular fat dairy
	0.7
	0.4
	PUFA
	7
	6


	Nuts and beans
	0.7
	0.0
	Carbohydrate
	57
	51


	Red meat
	0.5
	1.5
	Protein
	18
	14


	Fish
	0.5
	0.2
	 	 	 
	Snacks and sweets
	0.7
	4.1
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Control—macronutrient content of the control diet was based on the typical North American diet of the early 1990s.
PUFA, polyunsaturated fatty acid; MUFA, monounsaturated fatty acid.

Source: Modified from Ref. [34].

23.4.3 Mediterranean Diet and Dyslipidemia
Large studies on the Mediterranean diet have been conducted with the aim of assessing its impact on serum lipid levels and mortality [41,52].

The traditional Mediterranean diet (Figure 23.1) is characterized by high intake of olive oil, fruits, nuts (cashew nuts, almonds), vegetables, and whole grain cereals; moderate intake of milk and dairy products, red meat, processed meat, and sweets; and moderate consumption of wine with meals [53]. It is worth noting that despite the lack of uniformity among the studies on the Mediterranean diet food pattern, the diet usually comprises moderate amounts of total fat (32–35%), relatively small amounts of saturated fat (9–10%), and high amounts of fibers (27–37 g), PUFAs, mainly omega-3, and monounsaturated fatty acids.
[image: image]
Figure 23.1 Mediterranean diet pyramid: a lifestyle for today.
In 2006, preliminary data from the first 3 months of follow-up of the PREDIMED Study [52] were published comparing three groups: (1) a group receiving the Mediterranean diet supplemented with mixed nuts; (2) a group receiving the Mediterranean diet supplemented with extra-virgin olive oil; and (3) a group receiving a low-fat diet. No effect on LDL-C levels and a small reduction in TG levels (−13 mg/dL) were observed. In 2013, after a mean 5-year follow-up, the Mediterranean diet proved to effectively reduce the incidence of major CV events [41]. Some authors have questioned those findings, suggesting that the mortality risk reduction could have been caused by a decrease in blood pressure levels observed in the first 3 months of the study rather than by the Mediterranean diet [50,54].

According to the AHA [34,5], because of the wide variations in findings, mainly because of the heterogeneity of the diet prescribed, the Mediterranean diet should not be the first choice when the aim is to reduce LDL-C and TG levels [34].

Randomized clinical trials on the effect of the Mediterranean diet on the lipid profile of patients with HIV are scarce. A pilot study carried out in Hong Kong in patients with HIV receiving a low-fat diet or a modified Mediterranean diet reported that the Mediterranean diet seemed to have an advantage over the low-fat diet in maintaining serum TG levels and in avoiding lipodystrophy, but this advantage was offset by a rise in cholesterol levels [55].

A study in patients with HIV carried out in Greece has shown that those with closer adherence to a Mediterranean dietary pattern had the highest reduction in TC, but no change in TG [56]. Another study in patients with HIV on HAART who had hypercholesterolemia reported favorable results with the adoption of a modified Mediterranean diet for 12 weeks, with reductions in serum LDL-C and HDL-C levels (−10.8% and−4.9%, respectively) and no effects on serum TG levels [57].

Therefore, there is evidence that the Mediterranean diet helps control the lipid profile and fat distribution in patients with HIV [55,56]. It is worth emphasizing that the International Atherosclerosis Society [25] advocates that the Mediterranean diet is effective in protecting against CVD. Other authors have also reported that the Mediterranean diet, even in other populations, is one of the most effective diets that help prevent CVDs [58]. Thus, the Mediterranean diet should be recommended to patients with HIV on HAART.
23.5 Nutritional Intervention on HIV-Related Dyslipidemia: Dietary Portfolio and Multiple-Component Intervention
Another alternative that has a good effect on lipid levels, mainly on that of LDL-C, is the dietary portfolio of cholesterol-lowering foods, incorporating plant sterols, soy protein, soluble fibers, and nuts [59].

Jenkins [43] reported a 28.6% reduction in LDL-C levels after 1 month of intervention with this dietary portfolio in patients with hypercholesterolemia. In addition, the effect was equal to that obtained in the group receiving lovastatin. That same author has assessed the dietary portfolio for 6 months, to which a greater LDL-C reduction was attributed compared with that in the control group. In addition, the study suggested that the closer the adherence to treatment, the higher was the percentage reduction in LDL-C [59].

Studies in different food patterns such as the low glycemic index diet, have been conducted, but evidence to support the use of that intervention for lipid control is still lacking [42,60,61].

The multiple-component intervention seems to be effective in controlling the lipid profile of patients with HIV on HAART. Lima et al. [57] have provided guidance to lifestyle changes such as smoking cessation, physical exercise three times a week, healthy food choices (adoption of AHA’s “step one”), and specific instructions for hypertriglyceridemia. The multiple-component intervention has been quite successful, providing a 15.8% reduction in LDL-C levels and a CV risk reduction in 6 months. That study could not detect the effect of diet alone because the patients received different interventions. Randomized controlled trials are required to clarify the various dietary recommendations in the management of dyslipidemia.

Another study on a formulation with oat (20 g), soy protein (10 g), and flaxseed (10 g) offered to 139 patients with HIV on HAART for 3 months was not effective in the management of the lipid profile. The author suggested that further studies with higher amounts be performed to assess the effect of this formulation on the lipid profile [62].
23.6 Nutritional Supplements for HIV-Related Dyslipidemia
Dietary supplements are effective and have fewer side effects compared with statins, thus being an option for managing HIV-related dyslipidemia, although studies are controversial. Alternatives to statins such as nutraceuticals that proved to be effective in reducing serum cholesterol concentrations are being assessed [63]. Of the nutritional supplements cited in the guidelines, the following stand out: omega-3 fatty acids for TG management; and phytosterols [34], red yeast rice, and policosanol for cholesterol [64].
23.6.1 Hypertriglyceridemia
Residual hypertriglyceridemia after treatment with statins or other lipid-lowering drugs continues to be a common problem in patients with HIV [65]. Omega-3 PUFA has been proven to reduce the risk of CV events [66].

Some mechanisms of action of omega-3 PUFA in managing hypertriglyceridemia are as follows: a reduction in the liver synthesis of VLDL-C; competition between TG oxidation and biosynthesis; and increased TG clearance due to greater lipoprotein lipase activity. Two pure forms of omega-3 PUFA are used for supplementation—docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA)—in addition to a combination of both (EPA/DHA).

Several studies conducted in patients with HIV and assessing the effect of a diet supplemented with omega-3 PUFA have shown a significant reduction in serum TG levels [67–70]. Capili [68], studying the administration of 4 g of fish oil for 8 weeks, observed a reduction of 116 mg/dL in serum TG levels compared with baseline levels.

A meta-analysis, published in 2011 [67], of studies in patients with HIV and hypertriglyceridemia and receiving omega-3 PUFA (0.9–3.3 g) for 8–16 weeks, showed a reduction in serum TG levels and concluded that patients receiving the greatest doses and having the highest serum TG levels (>300 mg/dL) benefited the most.

Significant reductions in serum TG levels (ranging from 25% to 57%), as well as fewer side effects, have been reported in the groups supplemented with omega-3 PUFA, indicating an alternative for the prevention of toxicity and drug interaction resulting from the use of numerous drugs in individuals with AIDS [11,18].

The last North American consensus on dyslipidemia recommends using omega-3 PUFA only when serum TG levels are greater than 500 mg/dL (level of evidence C), confirming that omega-3 PUFA can be administered as adjuvant therapy in the management of hypertriglyceridemia in individuals with HIV [67]. The recommendations for the treatment of HIV-related hypertriglyceridemia are similar to those for individuals without HIV [3].
23.6.2 Hypercholesterolemia
Phytosterols in combination with nutritional therapy are recommended to reduce serum LDL-C levels [64]. Sterols or stanols have been proven to decrease cholesterol absorption. In a typical Western diet, approximately 150–400 mg of plant sterols or stanols per day are consumed in the diet, and that intake does not seem to substantially affect cholesterol levels.

Maki [71] has claimed that although effective, foods containing phytosterol are associated with low adherence to diet and that the use of tablets, being more convenient, might encourage long-term adherence. That author showed that taking tablets containing 1.8 g of phytosterol for 6 weeks could reduce LDL-C by almost 10%.

Studies have suggested that the daily consumption of products supplemented with phytosterols cause a 10% reduction in LDL-C [71]. Although not specifically for the population with HIV, Dubé and Cadden [35] have recommended the use of 2 g of stanols for HIV-related dyslipidemia [35].

Another nutraceutical that has been widely assessed is red yeast rice. It contains monacolin K, the statin analog also known as lovastatin, which inhibits 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase [72]. It has been used mainly in patients who cannot tolerate statin therapy because of myalgia, and it seems to be effective in reducing cholesterol. A pilot study in patients with HIV showed that supplementation with red yeast rice was effective in reducing serum cholesterol levels, that effect being attributed to the lovastatin content in yeast [73]. A review on that nutraceutical has warned that it should be used cautiously by patients on statin because the monacolin content can widely vary among red yeast rice products, which, in addition, can contain toxins such as citrinin [74].

Policosanol, a mixture of long-chain alcohols extracted from sugar cane, apparently acts in the prevention of atherosclerosis and thromboembolic disorders. Some researchers have suggested that its mechanism of action involves the regulation of HMG-CoA reductase activity, but the effects are controversial [75]. In stable patients with HIV, supplementation with 20 mg of policosanol for 12 weeks, although well tolerated, failed to improve the lipid profile [76].

A meta-analysis with 39 clinical trials [77] suggested that garlic preparations may be effective in reducing serum TC levels when used for longer than 2 months. Garlic seems to act in the inhibition of cholesterol synthesis and to suppress LDL-C oxidation. Different organosulfur compounds such as S-allyl-cysteine identified as active and stable components of aged garlic extract can yield CV benefits. Garlic preparations have few side effects, thus being a safe alternative that can be used in the treatment of dyslipidemia. Studies on garlic use in the population with HIV are lacking.

A Cochrane review [78] indicated that artichoke leaf extract might have lipid-lowering effects. That review, which included three clinical trials with 262 patients, reported a reduction in cholesterol levels, but the evidence is not convincing. The following two potential mechanisms of action have been suggested: (1) antioxidant action by reducing LDL-C oxidation; and (2) cholesterol synthesis decrease via inhibition of HMG-CoA reductase activity. Studies on artichoke leaf extract use in the population with HIV are lacking.

The low number of localized clinical trials aimed at assessing the effects of nutritional therapy on metabolic changes caused by HAART is a limitation. The impact of interventions on HDL-C is inconsistent, indicating one more area to be investigated in future studies.
23.7 Adherence to Nutritional Intervention
Recent studies have confirmed that nutritional interventions can reduce CV risk factors and should be implemented in daily practice. However, adherence to nutritional recommendations is difficult [79–81]. The National Health and Nutrition Examination Survey (2007–2010) showed that among patients with coronary artery disease, control of the lipid profile and other risk factors such as smoking, hypertension, diabetes mellitus, and obesity was poor. Adherence to drug therapy and to lifestyle changes (control of alcohol consumption and salt intake) was very low [80].

To explore the many pros and cons of nutritional therapy for hypercholesterolemia, a study assessed doctors’ and patients’ responses to questionnaires [79]. When asked about the reasons for low adherence to nutritional therapy, more than 300 patients stated that they believed in the higher efficiency of drugs and lacked confidence in diet interventions. Other reasons given by patients for not complying with prescribed diets were as follows: “unwillingness to suffer nutritional deprivation”; “already having satisfactory food habits”; and “being already on cholesterol-lowering drugs.” With regard to doctors’ viewpoints, the study showed underestimation of the importance of diet, mainly for patients already on medications, and only 3.8% of patients referred to dietitians [79].

To achieve good adherence to a prescribed diet, the nutritionist should assess the patient’s social context (access to food, food buyer, how and where food is prepared) and presence of body image distortion. In addition, lifestyle and cultural practices should be assessed for the development of a proper food plan that ensures good adherence [17].

A study showed that the higher the score of the Mediterranean dietary pattern, the higher was the lipid profile control in patients with HARRT-induced metabolic changes, which indicates that this dietary pattern is an effective strategy for control of the lipid profile [56].
23.8 Nutritional Counseling
Clinical decision making involves more than evidence; clinicians should understand the evidence and individualize decision making according to individual patients’ needs [44]. Guidelines are very clear with regard to the need for lifestyle changes at any stage of CV risk [25]. Nutritional counseling improves health and should be of medium to high intensity, including 3–24 phone calls and as many as 20 meetings [44].

Nutritional counseling should be as practical as possible, based on food rather than on nutrients only. Table 23.3 shows the foods that should be consumed more often as well as those that should be avoided to prevent and treat dyslipidemia [82,83].
Table 23.3

Nutritional Guidance Based on Foods Rather than on Nutrients
	 	Prefer
	Moderate
	Small amount




	Cereals
	Whole grains
	White bread, rice, pasta, cookies, sweetened cereals
	Sweetbreads, cakes, pies and croissants


	Vegetables
	Raw and cooked vegetables
	 	Vegetables prepared with butter or cream


	Legumes
	All, including soybean
	 	 
	Fruits
	Fresh or frozen fruits
	Dried fruits, jams, preserves and ice creams
	 
	Sweets and sweeteners
	Noncaloric sweeteners
	Honey, chocolate and candies
	Cake and ice cream


	Meats and fish
	Lean, oily fish, skinless poultry
	 	Sausage, salami, lard, ribs, viscera


	Dairy products and eggs
	Skim milk and yogurt, white egg
	Semi-skim milk, white cheeses and lean dairy products
	Yellow and creamy cheese, yolk, whole milk and yogurt


	Nuts and seeds
	 	All
	Coconut


	Sauces
	Vinegar, ketchup, mustard, fat-free sauce
	Vegetable oils, light margarines, salad dressing, mayonnaise
	Butter, solid margarine, pork and trans fat, coconut oil


	Food preparation
	Grilled, cooked and steamed food
	Baked and braised food
	Fried food







[image: Image]




23.9 Practical Guidance for the Management of Dyslipidemia
The diet should be composed mainly of natural foods. The large variety of plant-origin foods such as grains, vegetables, tubers, fruits, nuts, and mushrooms represents an excellent base for nutritionally balanced and tasty meals.

Oils, fats, salt, and sugar should be sparingly used in seasoning and cooking foods because although they contribute to making foods interesting and tastier, they do not have any nutritional value.

Ready-to-use products should be avoided or consumed sparingly as part of meals based on foods and culinary preparations. Although convenient and appealing to the sense of taste, ready-to-use products tend to be nutritionally unbalanced. Many favor ingestion of excessive calories and negatively affect the environment and the social and cultural lives of people consuming them. Some processed ready-to-use products are as follows: preserves, crystallized fruits, salted meats, cereal flour breads, instant meals, dehydrated or frozen foods, candies, energy foods, salty snacks, and sweetened beverages.

Ultra-processed foods have been considered to be of poorer diet quality [84] and the major cause of overweight [85] and increased incidence of noncommunicable chronic diseases [86] (Chart 23.2).


[image: image]
Chart 23.2 Referral to dietitian for diet counseling.
23.10 Final Considerations
Dyslipidemia, with increased serum cholesterol and TG levels, is highly prevalent among patients with HIV on HAART. Knowing the patient’s dietary habits and prescribing healthy foods are the major strategies to manage that dyslipidemia. Some ways to improve the lipid profile control of patients with HIV on HAART are as follows: nutritional counseling based on the NCEP ATP III; Mediterranean diet; and increased PUFA intake [2]. However, scientific evidence for an effective nutritional intervention model is insufficient.
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Chapter 24
Diabetes and Dyslipidemia in Treated Human Immunodeficiency Virus Infection and Approaches for Cardiometabolic Care
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In the developed world, the widespread use of combined antiretroviral therapy (cART) has transformed the natural history of HIV infection. HIV-positive patients are now living longer but are now faced by challenges associated with an aging population, including diabetes, dylipidemia, and cardiovascular disease. Traditional risk factors for cardiovascular disease are highly prevalent in this population, and this is further complicated by the cardiometabolic consequences of cART. These diseases present new challenges in the management of human immunodeficiency virus (HIV) infection, highlighting the importance of preventing and appropriately managing cardiometabolic comorbidities.
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24.1 Introduction
Worldwide human immunodeficiency virus (HIV) infection affects 35.3 million people [1]. The introduction of combined antiretroviral therapy (cART) has transformed the natural history of HIV infection from an acute illness to a chronic disease with enhanced life expectancy and quality of life. In countries where cART is widely available, acquired immune deficiency syndrome (AIDS) is no longer a critical health issue, and the challenge now faced is the expanding list of cardiometabolic complications, including insulin resistance (IR), glucose intolerance, type 2 diabetes mellitus, dyslipidemia, and changes in body fat compartmentalization (lipodystrophy) [2,3]. The increased life-expectancy in this aging population, in addition to the metabolic consequences of cART, highlights the importance of prompt and appropriate management to prevent premature cardiometabolic comorbidities and death and to improve patient outcomes.
24.2 Diabetes Mellitus
Diabetes mellitus is a state of hyperglycemia resulting from a progressive insulin secretory defect on the background of IR [4]. Diabetes is defined as a fasting plasma glucose greater than 126 mg/dL (7.0 mmol/L), a plasma glucose level greater than 200 mg/dL (11.1 mmol/L) 2 h after a 75 g oral glucose tolerance test, or two random plasma glucose levels exceeding 200 mg/dL (11.1 mmol/L) accompanied by symptoms of hyperglycemia (polyuria, polydipsia, thirst, or recurrent infections) [5]. Diabetes may be preceded by either impaired fasting glucose (100–125 mg/dL (5.6–6.9 mmol/L)) or impaired glucose tolerance (plasma glucose>140–199 mg/day: (7.8–11.0 mmol/L)) 2 h after a 75 g oral glucose tolerance test [5].
24.2.1 Diabetes Prevalence and Incidence in HIV
Diabetes in HIV infection was uncommon in the era prior to cART, with early studies suggesting rates of 2–2.6% in treatment-naïve participants with HIV [6,7]. Shortly after the initiation of first-generation protease inhibitors (PIs) for HIV treatment in 1996, high prevalence of glucose abnormalities were demonstrated in various cohorts with HIV [8–11]. Initially, the development of IR and diabetes were considered consequences of PIs, but evidence demonstrated that certain nucleotide reverse transcriptase inhibitors (NRTIs) were also implicated [12]. Further, it has become apparent that individual genetic susceptibility to antiretroviral medications exists [13].

The exact prevalence and incidence of diabetes in treated HIV infection is difficult to establish because of multiple confounders within the study cohorts, including differences in obesity rates, ethnic susceptibilities, and medication regimens. Prevalence has been quoted to range from 7% to 13% in individuals treated with PIs [9,14,15].

In a recent cross-sectional study, rates of type 2 diabetes in 4,249 individuals with HIV were almost twofold compared with that of 9,148 healthy age-matched participants [16]. A further recent cross-sectional study reported rates of impaired fasting glucose and diabetes to be 9.1% and 4.5%, respectively [17].

Longitudinal studies include a 10-year study of 1,046 participants with HIV, with 7,846 persons-years follow-up (PYFU). This study reported a diabetes incidence of 14.1 cases per 1,000 PYFU [8].


Another longitudinal study is the Swiss HIV Cohort Study, which noted baseline diabetes prevalence in 8,444 participants with HIV to be 4%. Over 3 years, prevalence rose to 7%, and diabetes incidence was estimated at 2.12 cases/1,000 PYFU [18].

The Data Collection on the Adverse Events of Anti-HIV Drugs Study (D:A:D Study), a multinational, prospective, observational study of 33,389 participants with HIV infection, reported baseline diabetes prevalence at 2.9%. Data over an average of 3.8 years found an incidence 5.72 cases per 1,000 PYFU [19]. This incidence of diabetes increased with increased exposure to cART and remained significant after adjustment for standard diabetes risk factors.

Key cohort differences between the Swiss HIV Cohort Study and the D:A:D Study include mean HIV infection duration at baseline (15 years in Swiss Cohort vs. 0.5 years in D:A:D) and frequency of highly active antiretroviral therapy (HAART)-naïve participants (6.5% in Swiss Cohort vs. 27.1% in D:A:D). No differences are evident in gender or mode of HIV transmission.
24.2.2 Risk Factors Predisposing to Diabetes in HIV
In the population with HIV, both traditional and HIV-specific risk factors need to be taken into consideration. Traditional risk factors more prevalent in this population, and although the virus itself is not implicated in the development of diabetes, treatment with cART intensifies future diabetes risk.

Traditional risk factors include increasing age, family history, obesity, and lipid disturbances.
24.2.2.1 Traditional Risk Factors
24.2.2.1.1 Age and Family History
Advancing age in people with HIV infection has consistently been positively associated with increased risk of incident diabetes [8,18–20]. In a 10-year French study of 47 clinical sites, participants over 50 years had an incidence of diabetes at 40.3/1,000 PYFU in contrast to 5.1/1,000 PYFU in participants less than 30 years of age [8]. In the Swiss HIV Cohort Study, participants over 65 years had an incidence of diabetes of 8.56/1,000 PYFU, compared with 2.09/1,000 PYFU in participants less than 50 years of age [18]. In the D:A:D Study, age per 5-year increment was associated with a relative risk increase of 1.28 [19]. Advancing age may reflect longer duration of HIV infection and may also represent exposure to older pharmaceutical agents, greater lipodystrophy risk [4], and the age-related β-cell decline seen in the population without the infection.

Familial or genetic characteristics have been associated with incident diabetes in some [21], but not all, studies [8,22]. HIV infection and cART may amplify an underlying genetic susceptibility or may impact diabetes pathogenesis independently.
24.2.2.1.2 Gender
To date, most of the published studies on diabetes and HIV have had predominantly male cohorts, illustrating the gender distribution of the HIV epidemic in the developed world. In the Swiss Cohort Study, one third of the 6,513 participants were female; investigators found that male gender was associated with a greater risk for incident diabetes [18]. In the D:A:D Study, with participants drawn from the United States, Australia, and Argentina, male gender was associated with higher risk of incident diabetes compared with that in women [19].

The Women’s Interagency Study followed up 1,435 women with HIV and 350 women without HIV. The incidence of diabetes in women without HIV infection was 1.4/100 per year, similar to that observed in women with HIV who were cART-naïve, where the incidence was 1.2/100 per year. In contrast, women with treated HIV receiving PIs had an incidence of 2.8/100 per year. Rates of overweight or obesity in uninfected women were higher than those with HIV infection (33% vs. 23%) indicating that cART recipients were more susceptible to developing diabetes at lower adiposity [10].

A recent update of the Women’s Interagency Study of 1,524 women with HIV infection and 564 uninfected women reported that those exposed to NRTIs (exceeding 3 years) had a 1.6-times higher risk of incident diabetes compared with HIV-infected women not receiving cART [11].

Thus, although women with HIV on cART appear to have lower risk of incident diabetes compared with their male counterparts, incident diabetes in women seems to develop with shorter exposure to drug therapy and with lesser adiposity [4]. Possible explanations include gender differences in women, including greater adiposity and differences in drug metabolism and elimination between the genders.
24.2.2.1.3 Body Mass Index and Central Adiposity
Obesity is a well-established contributor to the progression of diabetes in those who are susceptible, as demonstrated by rapidly increasing diabetes incidence rates in countries where transition from a traditional lifestyle to acculturation and adoption of a Western lifestyle has resulted in escalating obesity rates. As with the general population, obesity is now increasingly common in people with HIV infection, at diagnosis and during treatment. The prevalence of obesity in individuals with HIV is estimated at 6–34% in men and 21–30% in women [23], and it has been suggested that up to 65% of individuals living with HIV in Western nations are now overweight or obese [24,25]. In HIV infection, gains in adiposity appear following cART initiation and are related to gains in overall health [26].


Obesity has been shown to increase incident diabetes risk in HIV infection. In the D:A:D Study, rates of diabetes were increased twofold in overweight (26–30 kg/m2) and greater than fourfold in obese (>30 kg/m2) individuals compared with those with a healthy body mass index (BMI) [19]. In a French study of 10 years’ follow-up, the hazard ratio of incident diabetes was reported at 1.91 for overweight and 2.85 for obese individuals with treated HIV compared with individuals with BMI less than 25 kg/m2 [8].

In addition, although obesity is associated with higher pretreatment CD4+cell counts, it is also associated with less improvement in CD4+numbers following initiation of cART [27,28]. The extent to which excess adipose tissue may have a potential immunomodulatory effect on CD4+cells remains unclear [3]. It is likely that as excess adiposity contributes to low-grade inflammation and circulating immune cells polarization toward proinflammatory phenotypes [29,30], these associations will also be present in HIV infection, possibly in an accentuated manner. Circulating markers of low-grade inflammation are increased in HIV infection [31–33], even without obesity [34].
24.2.2.1.4 Hepatitis C Virus Co-infection
Hepatitis C virus (HCV) infection is independently associated with IR [35]. Increasing evidence suggests that there is an increased risk of diabetes in patients with HIV and HCV co-infection [36–40]. However, it must be noted that a recent 10-year prospective study found that HCV co-infection was not associated with an increased risk in incident diabetes risk [8]. It is recommended that diabetes screening should be performed in people co-infected with HIV and HCV as part of the standard of care [41].
24.2.2.2 HIV-Specific Diabetes Risk Factors
24.2.2.2.1 CD4+Count
Conflicting evidence exists about the association between nadir CD4+count and incident diabetes. A recent large observational, cross-sectional study has found a significant association between lower nadir CD4+count and risk for incident diabetes [16]. In contrast, another study of incident diabetes found no such association [19].
24.2.2.2.2 Drug Exposures
Antiretroviral therapy (ART) has transformed the natural history of HIV infection at the expense of metabolic complications. Although the aim of treatment is to reduce the viral load and improve overall health and life expectancy, the resultant weight gain and higher-calorie intake increase diabetes risk in susceptible individuals. In addition, cART is independently associated with increased diabetes risk, with prospective studies demonstrating the impact of specific agents on glucose metabolism through increased IR or impairment of insulin secretion [42,43]. The impact on glucose metabolism cannot be assigned as a “class effect” to any particular antiretroviral group but, rather, is related to specific antiretrovirals within each class.

The PIs were one of the first antiretrovirals implicated in IR, in particular, the first-generation PIs indinavir and ritonavir. Short-term studies in HIV-negative participants showed that therapy of short duration [44] or with single large doses of these medications results in an acute deterioration in insulin sensitivity [45]. This result is independent of the changes in body composition that are known to induce IR [46].

Observational studies in cohorts with HIV also highlight the fact that cumulative drug exposures increase incident diabetes risk. In D:A:D, cumulative exposure to cART was independently associated with an 11% increased relative risk of incident diabetes, with stavudine exposure having the strongest relationship (19% increased relative risk). Exposure to zidovudine and diadanosine was also associated with an increased risk; however, ritonavir and nevirapine appeared to have a protective effect [19].

In a French study with 10 years’ follow-up, short-term exposure of less than 1 year was associated with an incident diabetes hazard ratio of 2.53 for indinavir and 2.56 with stavudine [8]. This study also reported that diadanosine exposure for 2–3 years was associated with an incident diabetes hazard ratio of 3.16 [8].
24.2.2.2.3 Body Fat Partitioning Disorders
HIV-associated lipodystrophy is clinically characterized by body fat changes, including subcutaneous fat loss (lipoatrophy) with or without truncal fat accumulation (lipohypertrophy). The presence of lipodystrophy appears to accelerate the failure of insulin secretion.

In the Lipodystrophy Case Definition Study, a large multinational observational study, diabetes prevalence was double in those with lipodystrophy at baseline (7% vs. 3%) [47]. Studies examining incident diabetes in individuals with HIV have indicated that the presence or progression of lipodystrophy is associated with a higher risk of diabetes, with hazard ratios of 1.28 [19] and 2.14 [8]. Difference in risk estimates are likely to be explained by factors not limited to cohort variations, drug exposures and follow-up duration.
24.2.2.2.4 HIV and Diabetes Complications
24.2.2.2.4.1 Cardiovascular Complications
Cardiovascular complications are commonly associated with PIs and NRTIs. It has been suggested that PIs alter lipid metabolism, which results in dyslipidemia, whereas NRTIs are believed to have a direct effect on cardiac cell mitochondria and their function [48]. In the large D:A:D Study, the incident coronary heart disease rates were 2.41-fold higher in participants with HIV who had diabetes compared with those without diabetes [49]. An important component of this study was controlling for important covariates including gender, age, mode of HIV transmission, ethnicity, family history, and smoking.
24.2.2.2.4.2 Kidney Disease
Prevalence of renal disease in people with HIV has increased recently because of enhanced life expectancy and exposure to certain medications. Renal disease in people with HIV can range from subclinical proteinuria to acute renal failure, which may be attributed to ART or to kidney infection from the HIV infection itself [50]. Several studies have reported that individuals with both HIV infection and diabetes are more likely to develop chronic kidney disease, which results in end-stage renal disease [51–53].

Low-level albuminuria may be an indication of early diabetic nephropathy. Further, a study has reported that the rates of albuminuria are twofold higher in people with HIV and diabetes compared with HIV-uninfected controls [54]. Albuminuria in people with HIV was found to be associated with the viral load and exposure to abacavir [54].

Diabetes may contribute to vascular disease and exacerbate a decline in renal function through vascular as well as glucotoxic mechanisms [50]. Adverse mitochondrial effects of certain antiretroviral agents are also likely.

Regular clinical and biochemical monitoring is recommended for all patients receiving cART to ensure early detection of renal disease [50].
24.2.2.2.4.3 Neuropathy
It is known that neuropathy, which frequently associated with cART toxicity, is relatively common in people with HIV infection [4]. As data as to whether HIV infection itself is associated with higher prevalence of diabetic neuropathy or whether the higher rates can be attributed diabetes altering the natural cART-related neuropathy are scarce, more studies are required in this area.

In addition, there is increasing information that diabetes is associated with cognitive decline [55]. Moreover, recent evidence also suggests that in an older cohort with HIV, the presence of diabetes is associated with neurocognitive impairment [56].
24.3 Lipid Disorder in HIV Infection
Lipid disorders are highly prevalent in both treated and untreated HIV infection [57]. The introduction of cART has resulted in improvement in long-term survival and in individuals with HIV infection now facing the same causes of major morbidity and mortality as the uninfected population; this increases the importance of appropriate intervention for lipid disorders and cardiovascular risk reduction.


Lipid disorders in untreated HIV infection are well described [58,59]. In advanced HIV infection, increased levels of serum triglycerides and reduced levels of total low-density lipoprotein (LDL) and high-density lipoprotein (HDL) are seen. Hypertriglyceridemia is also associated with greater immune system activation. Additionally, lipoprotein particles may be more atherogenic, with a higher number of small, dense LDL particles that are able to access the blood vessel wall [60].

In addition, some antiretroviral medications may also cause lipid abnormalities, and each medication may have its own unique effect, making it difficult to assign a “class effect” to any particular drug class [60]. Hypertriglyceridemia is common with certain PIs, in particular those regimens where ritonavir is used to boost other PIs such as tipranavir, lopinavir, and fosamprenavir [61,62]. Combinations of these PIs with ritonavir are known to have the greatest effect on lipids. Saquinavir–ritonavir [63] and indinavir–ritonavir [64] as well as nelfinavir (a PI that is used without ritonavir) [65] have more of an intermediate effect. Newer PIs, including atazanavir [65–67] and darunavir–ritonavir [68], appear to have little impact on serum lipids.

Certain NRTIs have also been associated with lipid disorders. Regimens containing stavudine result in higher serum lipid levels compared with those without it [65,69]. Tenofovir has fewer lipid effects compared with stavudine and may be considered preferable to other NRTIs in those with lipid disorders [69].

The use of non-nucleoside reverse transcriptase inhibitors (NNRTIs) are generally not associated with a more artherogenic lipid profile and have not been associated with an increased risk of myocardial infarction [70].
24.4 HIV Infection and Cardiovascular Disease
Cardiovascular disease has become one of the major non–AIDS-related complications in people with HIV infection. In developed countries, 9–20% of people with HIV have a moderate or high increase in the 10-year risk of myocardial infarction [71,72]. The rate of myocardial infarction is reported to be between 0.35 and 11.1/100 PYFU [73–75], which is substantially higher than in the uninfected population. The risk of cardiovascular disease in patients with HIV is more complex than in the uninfected population. In developed countries, cART is now widely available, which has resulted in an aging population with HIV at high risk of traditional risk factors [76]. This risk is further compounded by the effects of cART and the HIV infection itself, highlighting the importance of prevention and early treatment in this population.

The HIV infection itself has been associated with increased risk of cardiovascular disease. In the Strategies for Management of Antiretroviral Therapy study, patients who were randomized to the drug conservation arm (intermittent treatment based on CD4+count) had a 60% increased risk of cardiovascular disease compared with the viral suppression arm (continuous therapy). It is thought that a combination of factors, including viral load, immunologic factors, and inflammation, may contribute to this elevated risk [77].

The link between cART and cardiovascular disease has been investigated in numerous studies, and the results are conflicting. The D:A:D Study was specifically designed to evaluate the association between cART and myocardial infarction and included more than 33,389 participants. The D:A:D Study demonstrated increased cardiovascular disease risk in individuals with HIV and a relative risk for myocardial infarction of 1.26 per year cART exposure and 1.16 after adjustment for individual lipids [73]. PIs were particularly implicated, with myocardial infarction incidence rates of 1.53 per 1,000 person-years in those not exposed to PIs, versus 6.01 per 1,000 person-years for patients exposed to PIs for more than 6 years [70].

Data examining an association between NRTI or NNRTI use and cardiovascular disease are more limited. Both the D:A:D Study and the data from the Veteran Affairs Study were unable to demonstrate an association between NNRTI use and myocardial infarction risk [70,78]. It should be noted, however, that the duration of NNRTI use was substantially less than the duration of PI use and that longer exposure time is required to adequately assess for any association.

With more recent studies, it has become apparent that a “class effect” cannot be assigned for increased cardiovascular risk and that different antiretroviral agents within a class confer different levels of risk. For example, D:A:D showed that cumulative exposure to lopinavir–ritonavir and indinavir was associated with an increased risk of myocardial infarction, independent of lipid levels [79]. Additionally, recent exposure to the NRTIs abacavir and didanosine was also associated with an increased risk of myocardial infarction [74,79]. The association between abacavir and cardiovascular risk remains unclear, with studies showing both supportive [80,81] and negative evidence [82–84].

No association with accelerated cardiovascular risk has been demonstrated with the use of tenofovir, zidovudine, stavudine, lamivudine, or zalcitabine or with cumulative exposure to saquinavir, nelfinavir, nevirapine, or efavirenz [79].

24.5 Risk Evaluation and Screening in the Patients with HIV
Evaluation of cardiometabolic risk in individuals with HIV should generally follow evidence-based guidelines established for the general population.

Yearly screening for diabetes in people with HIV has been recommended by international guidelines [85,86]. The American Diabetes Association (ADA) recommends diabetes screening with assessment of glycated hemoglobin A1c (HbA1c) and plasma glucose levels for diagnosis of diabetes [87]. The ADA has, however, stated that HbA1c levels in people with treated HIV infection may be wrongly estimated, perhaps because of the faster red blood cell turnover in them [41]. Despite possible limitations to screening individuals with HIV, HbA1c is still recommended as a practical screening modality, in conjunction with fasting blood glucose levels [88].

As for people with HIV infection and diabetes, regular review every 3–6 months is recommended to ensure that glycemic, lipid, and blood pressure target are being achieved. In addition, the standard of care requires annual screening for complications of diabetes, including retinal and foot examination, in addition to estimation of the urinary microalbumin-to-creatinine ratio [4]. Importantly, very few guidelines on HIV and diabetes care are available. Notable exceptions are the International AIDS Society-USA, which recommends measuring fasting plasma glucose levels at initiation of cART and frequently thereafter [89], and the South Asian Consensus Guidelines, which recommend that fasting and postprandial glucose levels be tested at initiation of cART treatment and during treatment, with venous samples taken for diagnosis [90].

Fasting lipid profiles should be performed in all people with HIV because of the high prevalence of hypertriglyceridemia in this population. Lipid levels should be measured 3 months after initiating or changing cART [91] and then on a 6- to 12-monthly basis [92].

Cardiovascular risk may be evaluated by using the guidelines applied to the general population. In the D:A:D Study, the Framingham equation was found to be an adequate model to predict incident myocardial infarction [72]. More recently, cardiovascular risk equations have been developed to include HIV-specific factors (exposure to indinavir, lopinavir–ritonavir, and abacavir) in addition to traditional cardiovascular risks [93,94]. In the D:A:D Study, adding these HIV-specific factors to a traditional cardiovascular risk model outweighed the Framingham equation in the prediction of cardiovascular events [94].

It is important to note that some studies have demonstrated a disparity in the health care provided to people with HIV infection, including undertreatment of known cardiometabolic risk factors [95]. This German study in people with HIV demonstrated that only 56% of participants with diabetes received antidiabetes treatment and that only 41% of those with known coronary heart disease received treatment for comprehensive risk factor reduction [95]. More data on the reasons for undertreatment in people with HIV are needed, as this factor likely contributes to suboptimal health outcomes.

A further retrospective cross-sectional study comparing participants with HIV and type 2 diabetes in an academic HIV clinic according to the ADA standards found that 33% of participants did not meet the glycemic targets [96]. In addition, there was significantly inadequate control of blood pressure, LDL, and triglycerides in 58%, 34%, and 69% of the cohort, respectively [96]. Suboptimal diabetes control in this cohort warrants additional clinician and patient education.
24.6 Management Strategies
The population with HIV is at increased risk of diabetes, lipid disorders, and cardiovascular disease, which highlights the importance of cardiometabolic protection and early intervention following the initiation of cART. The management of cardiometabolic disease in this population is often complex and requires multidisciplinary care.

Figure 24.1 is a HIV-specific clinical algorithm for cardiometabolic protection, aimed at general medical practitioners and allied health care professionals, and provides screening recommendations and individual target points for treatment intervention and targets [4].

[image: image]
Figure 24.1 Cardiometabolic Protection: early intervention for HAATT-recipients. Panel (A) Target. Panel (B) Algorithm.
24.6.1 Nonpharmacologic Interventions
As in the general population, appropriate diet and physical activity should be recommended as cornerstones in the prevention and treatment of diabetes, dyslipidemia, and heart disease.

Table 24.1 shows a summary of the nonpharmacologic interventions for improved cardiometabolic health.


Table 24.1

Non-pharmacologic intervention targets for people with HIV infection for better cardiometabolic health





	Lifestyle factor
	Targets




	Dietary intake [1]
	[image: ent] All dietary fat sources


	25–35% of total daily caloric intake


	[image: ent] Saturated fats


	<10% of total daily caloric intake


	[image: ent] Cholesterol intake


	<300 mg daily


	[image: ent] Sodium


	<2,300 mg daily


	<1,500 mg daily for African Americas, hypertension, diabetes or chronic renal disease


	[image: ent] Limit refined grains, especially those containing added fats, sugar, and sodium




	Physical activity
	30 min of moderate-intensity activity most days


	Smoking
	Cessation
	 
	Healthy weight
	BMI: a between 20 and 25 kg/m2


	Waist: Men:
	<90 cm for Caucasian men


	<80 cm for Asian men


	Women:
	<80 cm







[image: Image]



aBMI: weight/height/height [1,97].


24.6.2 Nutrition
Adequate nutrition is important for optimal immune and metabolic functions [98]. In the general population, it is known that appropriate nutrition contributes considerably to better health outcomes, well-being, quality of life, and resistance to infection, as well as decreased health care costs and reduction in chronic disease and mortality risks [99]. Poor nutrition is, by contrast, associated with poorer outcomes in hospitalized patients, including increased length of stay, risk of complications, and delayed recovery [100–102].

Nutrition plays a fundamental role in the clinical care of people with HIV infection and can have an impact on immune function, limit disease-specific complications, and improve quality of life and survival [103,104].

People living with HIV are at great risk of nutritional disorders, including both treated and untreated HIV infection. Untreated HIV infection is characterized by increased resting energy expenditure, decreased appetite and food intake, and decreased absorption of nutrients [105,106]. In treated HIV infection, cART may cause nausea and have a negative impact on nutrition and, conversely, in the long term, may contribute to metabolic dysfunction, including dyslipidemia, IR, and obesity.

Nutrition is recognized as a primary intervention for people with HIV infection by the Academy of Nutrition and Dietetics, which recommends that all receive appropriate nutritional counseling [107]. The aims of nutritional intervention in people with HIV infection include healthy weight maintenance and management of dietary risk factors for diabetes, dyslipidemia, heart disease, and hypertension.
24.6.2.1 Nutrition in Glucose Disorders
The management of glucose disorders in people with HIV is complex. Lifestyle modifications, including appropriate diet and physical activity, should be the first treatment option [41,108] and maintained if medications are necessary to achieve diabetes-specific treatment targets. Carbohydrate intake has been traditionally recommended as a significant energy source for people with diabetes. However, more recently, the ADA Standards of Care suggest that lower carbohydrate amounts are also reasonable for people with diabetes [87]. Intake of excess carbohydrate is a frequent dietary reason for deterioration in glycemic control.

Currently, no strong evidence exists to support the notion of a required absolute in carbohydrate intake in the general adult population with diabetes. The essential intake levels for micronutrients are well defined, but there is no evidence to support an essential daily carbohydrate intake [109]. Some guidelines recommend a daily carbohydrate intake of 150 g; however, this recommendation was not based on high-level evidence but on expert opinion, recognizing that carbohydrates are an inexpensive form of energy [110]. The recommendation was based on the premise that a continuous carbohydrate intake is required to supply glucose to the brain. However, the brain’s energy needs can be met by utilizing amino acids, either dietary or stored, as substrates for gluconeogenesis. Further, ketosis in adults can be prevented by daily carbohydrate intake of about 50 g [110]. This is important when malnourishment and catabolic illness are clinical issues and where a greater carbohydrate intake is necessary. This ketosis threshold is less important, however, in people with diabetes when overweight or obesity are present and utilization of stored fatty acids as an energy source is highly desired.

International diabetes organizations have also moved away from the notion of higher carbohydrate intakes, with premier international bodies acknowledging the lack of evidence to support higher carbohydrate intakes in diabetes. The ADA Standards of Care currently summarize the evidence on the optimal or minimal carbohydrate intake very specifically as shown in Table 24.2 [87].


Table 24.2

Evidence for and Recommendations for Carbohydrate Intake in People with Diabetes. The ADA Standards of Care [87]




	Recommendation
	Level of evidence




	“Evidence is inconclusive for an ideal amount of carbohydrate intake for people with diabetes. Therefore, collaborative goals should be developed with the individual with diabetes.”
	C


	“The amount of carbohydrates and available insulin may be the most important factor influencing glycemic response after eating and should be considered when developing the eating plan.”
	A


	“Monitoring carbohydrate intake, whether by carbohydrate counting or experience based estimation, remains a key strategy in achieving glycemic control.”
	B


	“For good health, carbohydrate intake from vegetables, fruits, whole grains, legumes, and dairy products should be advised over intake from other carbohydrate sources, especially those that contain added fats, sugars, or sodium.”
	B




Level of evidence:
A: Clear evidence from well-conducted, generalizable RCTs that are adequately powered, including evidence from a well-conducted trial at one or more institutions; evidence from a meta-analysis that incorporated quality ratings in the analysis.
B: Supportive evidence from well-conducted cohort studies. Supportive evidence from a well-conducted case-control study.
C: Supporting evidence from poorly controlled or uncontrolled studies. Conflicting evidence with the weight of evidence supporting the recommendations.



In summary, despite widely held beliefs regarding the primacy of carbohydrate as the major energy source in the diet of people with diabetes, there is no evidence to support an absolute or essential threshold for carbohydrate intake. This needs to be taken into account when counseling the specific dietary needs of any individual patient with diabetes. An individualized approach, taking into consideration weight targets (gain or lose), diabetes and cardiovascular risk targets, and the patient’s dietary preferences, is encouraged.

24.6.2.2 Nutrition in Dyslipidemia
As with diabetes, lifestyle modification should be the first step in the management of dyslipidemia. Dietary guidelines by the National Cholesterol Education Program Adult Treatment Panel-III (ATP-III) have been recommended for the management of dyslipidemia in the population with HIV [111]. These guidelines recommend a therapeutic lifestyle changes approach, including dietary modifications, increased physical activity, and maintenance of healthy weight and BMI. There have not been large well-controlled studies examining the effectiveness of this approach in managing dyslipidemia in HIV-positive individuals.

Three main components of the diet—saturated fats, cholesterol, and unsaturated trans fats—can impact on the lipid profile. Saturated fats have the most profound impact and are predominantly found in meat and dairy products and in oils derived from coconut and palm sources. Although dietary cholesterol is found in meats, eggs, and dairy products, the current thought is that these sources contribute less to circulating cholesterol levels and heart risk [112].

Unsaturated fats may be found in oily fish (salmon, mackerel, sardines, halibut, and tuna), avocado, olive oil, and vegetable oil. Omega-3 fats, found most frequently in oily fish but also in krill and flax seed oil, can help lower triglyceride levels.

Unsaturated trans fats are the product of hydrogenation and may be found in margarine, baked products, and deep fried foods. Trans fats may also be added to certain products to enhance their substance or texture or to extend shelf life [57].

Soluble fiber and plant sterol may also be used to improve lipid disorders. Soluble fiber is indigestible and may reduce the absorption of LDL cholesterol by forming a gel-like substance in the intestine [113]. Plant sterols are found in vegetable oils, legumes, nuts, and cereals. They are naturally occurring steroid alcohols and block the absorption of cholesterol in the intestine, resulting in lower LDL levels but not significantly altering HDL or triglyceride levels [114].

The current Dietary Guidelines for Americans include [97] the following recommendations:


[image: ent] From 25% to 35% of total daily caloric intake from all fat sources

[image: ent] Less than 10% of total daily caloric intake from saturated fats

[image: ent] Daily cholesterol intake limited to less than 300 mg/day

[image: ent] Sodium less than 2,300 mg daily; less than 1,500 mg daily for African Americans and to those with hypertension, diabetes, or chronic renal disease.



New Guidelines will be promulgated in 2015.
24.6.3 Physical Activity
The benefits of physical activity in the general population are well described and include improved cardiovascular fitness, reductions in LDL and triglyceride levels, improved HDL levels, and lower serum insulin levels [115,116]. However, the effectiveness and safety of aerobic exercise in adults with HIV have not been well established.

A systematic review and meta-analysis was completed in 2004 to examine the effectiveness and safety of aerobic exercise interventions on immunologic or virologic, cardiopulmonary, and psychological outcomes in adults living with HIV. Results from the meta-analysis indicate that immunologic and virologic measures appear to be unaffected by aerobic exercise. Using VO2max and psychological measures, a trend toward improvement in cardiopulmonary performance was seen among exercisers compared with non-exercising controls, but this failed to reach statistical significance. The authors of the meta-analysis concluded that performing constant or interval aerobic exercise or a combination of constant aerobic exercise and progressive resistance exercise for at least 20 min three times per week for at least 4 weeks may be beneficial and appears to be safe for adults living with HIV/AIDS. These results need to be interpreted cautiously because of the small sample sizes and large dropout rates in the included studies [117].

Additionally, a 2010 Cochrane review, which included 14 randomized clinical trials, concluded that constant aerobic exercise for at least 20 min/day three times per week at least 5 weeks appears to be safe and may improve cardiopulmonary fitness in patients with HIV/AIDS. This review did not discuss intensity of exercise. Also, aerobic exercise in combination with resistance exercise appears to be safe [118].

Several studies have demonstrated that increased physical activity is associated with an improved lipid profile in individuals with HIV, particularly to reduce triglyceride levels. One study of 18 men with HIV examined the impact of resistance exercise training on hypertriglyceridemia. The resistance exercise regimen consisted of three upper and four lower body exercises done for 1–1.5 h/day, 4 days per week, for a total of 64 sessions. Fasting serum triglyceride levels were significantly decreased at the end of the study 281–204 mg/dL (3.17–2.03 mmol/L) [119]. Another study of patients with well-controlled HIV, hyperinsulinemia, and fat redistribution examined the effect of metformin therapy and resistance training on muscle adiposity and metabolic indices. The 25 participants were randomized to 3 months of metformin alone versus metformin plus resistance training three times weekly. Those in the combination group showed a greater improvement in free fatty acid levels compared with those receiving metformin alone [120]. A further study demonstrated that diet and short-term exercise (10 weeks of supervised aerobic and resistance training) in individuals with HIV-related lipodystrophy resulted in improvement exercise tolerance, body composition, and blood lipid profiles with an 18% reduction in total cholesterol and a 25% reduction in triglyceride levels [121].

Although there are no guidelines on prescribing exercise specific to the population with HIV, the guidelines established for the general population should be followed [122,123]. When prescribing an exercise program for any population, it is important to perform complete medical and physical examinations to ensure that the regimen is suitable for a particular person, and this consideration is no different for the individual with HIV. Baseline cardiovascular values such as VO2max, along with vital signs, should be obtained through evaluation with a treadmill or cycle ergometer [122,123]. The exercise regimen should be individualized on the basis of baseline cardiovascular fitness and comorbidities and commenced in the early stages of infection to promote consistency. Moderate aerobic exercise, in combination with progressive resistance exercise, is recommended. Moderate aerobic exercise can be defined as 60–70% of maximum heart rate (220-age) or 45–55% of VO2max for 20–30 min (excludes warm-up and cool-down) 3–5 days per week [122,123]. Progressive resistive exercise should be completed three times per week [117], starting with one set of 8–12 repetitions for all major muscle groups, increasing to two sets, and adding weight, as needed, to reach repetition maximum at 8–12 repetitions.

Exercise training is contraindicated during rapid weight loss associated with an acute illness or an active opportunistic infection [124].
24.6.4 Weight Optimization
Obesity is an independent risk factor for diabetes, dyslipidemia, and cardiovascular disease and is defined as a BMI greater than 30 kg/m2. The current recommendation is a BMI between 20 and 25 kg/m2.
24.6.5 Smoking Cessation
Current smoking has been reported in 40–70% of HIV-positive patients, two- to threefold greater than in the general population [71,125–128].

The health benefits of smoking cessation are well established in the general population, with the risk of coronary heart disease and mortality considerably reduced within the first 2 years of smoking cessation [129,130]. Among individuals with HIV, smokers have a twofold or greater increased risk of myocardial infarction [73] and cardiovascular disease [131,132] compared with nonsmokers. Preventing smoking in individuals with HIV can pose some challenges, which may include social conditions, polysubstance abuse, psychiatric conditions, and a lack of access and adherence to smoking cessation interventions.

No large clinical studies have been performed to examine the efficacy of smoking cessation interventions in the population with HIV; however, pilot studies have shown that smoking cessation interventions are feasible in HIV care settings [133–135]. There have been no systematic studies evaluating the use of adjuvant therapy in smoking cessation programs for individuals with HIV. Bupropion might have significant interactions with PIs [136], but it was used successfully in a small trial [137].
24.7 Pharmacologic Interventions

24.7.1 Glucose Disorders
Metformin remains the mainstream and first pharmaceutical option [138–141] with proven benefits, including improved endothelial function and coronary artery calcium and lipid profiles in people with HIV [142–144]. Although additional data on metformin and cardiovascular outcomes and all-cause mortality in people with HIV are required, metformin is, nonetheless, recommended for treating metabolic disease in HIV infection. It must be noted that metformin use with NRTIs may increase the risk of lactic acidosis and is therefore contraindicated in renal and hepatic dysfunction, tuberculosis, cachexia, ketonuria, and lipoatrophy [41]. Sulfonylureas can be safely used in combination with cART and currently no data are available on the use of dipeptidyl peptidase (IV) inhibitors.

Because of insulin’s lack of interaction with cART, acceptability in renal and hepatic dysfunction, and anabolic anti-inflammatory effects, it is the optimal drug for the management of diabetes in patients with HIV. However, oral antidiabetes medications appear more appealing as daily injections and the obligation to self-titrate bolus insulin are avoided in their use.

Potential drug interaction with cART must be taken into consideration when selecting an antidiabetes medication. For example, boosted PIs might increase concentrations of sulfonylureas, pioglitazone, repaglinide, and nateglinide, whereas NRTIs may reduce concentrations [145]. Metformin is unlikely to have an interaction with cART [145].
24.7.2 Dyslipidemia Management
The addition of lipid-lowering therapy should be considered if lifestyle interventions alone are not enough or for patients at high risk of cardiovascular disease. Management of dyslipidemia in patients with HIV should follow the same recommendations as those for the general population. The lipid targets in people with HIV are also the same as those applied to the general population; as yet, there is no evidence that lower targets are required.

Care must be taken when selecting a lipid-lowering agent because of the established drug–drug interactions between statins and antiretrovirals [57]. Cytochrome P450, family 3, subfamily A, polypeptide 4 (CYP3A4), an enzyme produced in the liver, plays an integral role in the metabolism of various substances. Most statins, to varying degrees, are substrates for the CYP3A4 enzyme. PIs inhibit this enzyme, and this can lead to inappropriately elevated statin levels in blood. Possible associated toxicities include myopathy, rhabdomyolysis, and severe liver inflammation [146]. Ritonavir is the strongest inhibitor of the CYP3A4 enzyme [147]. Tipranavir is an inducer of the CYP3A4 enzyme, but when combined with ritonavir, the inhibition becomes predominant [148]. Darunavir in combination with ritonavir also results in inhibition.

Conversely, the NNRTIs nevirapine and efavirenz are potent inducers of CYP3A4 and may cause faster metabolism of statin thereby diminishing their lipid-lowering benefits [149,150]. Delavirdine is a strong inhibitor of CYP3A4 and should not be administered with statin therapy [149]. Etravirine is a substrate for multiple enzymes; it is an inducer of CYP450, weak inhibitor of CYP2C9, and moderate inhibitor of CYP2C19. Statins should therefore be used with caution in patients receiving etravirine [151].

HIV treatment guidelines recommend the use of statins, including atorvastatin, pravastatin, and rosuvastatin, which have reduced potential for interaction with HAART [85,91]. In addition, careful monitoring of renal function, liver enzymes, and creatine kinase is essential in patients with HIV who are on HAART and statin therapy [41].

In patients who have a poor response to statins, other agents can be considered. Ezetimibe is well tolerated and does not interact with cytochrome P450 enzymes. It is effective at lowering LDL cholesterol in individuals with HIV but does not have the same impact on triglycerides [152,153]. Fenofibrate [154] and gemfibrozil [155] are effective at lowering triglycerides but often do not meet non-HDL targets. Fenofibrate appears to be safe in combination with pravastatin [43], and there are limited data to support the use of other statin–fibrate combinations.
24.8 Considerations for Resource-Poor Settings
Poverty is both a risk factor and a consequence of HIV infection. In the United States, poverty is associated with a fivefold increased risk of an individual acquiring HIV infection compared with the risk in those living above the poverty line [3]. Poverty is also associated with poor cART adherence and other factors that contribute to poorer health outcomes, including homelessness, substance abuse, food insecurities, and reduced access to health care [3].

There is increasing evidence for greater diabetes risk in patients with HIV living in resource-poor settings. For example, diabetes prevalence in Sub-Saharan Africa has been estimated to range between 1% and 12% with a 5-year mortality rate of 4–57% [156]. In these settings, insulin therapy, in addition to other standard diabetes medications, can be very challenging, if not impossible, because of their cost and access limitations. It is also important to note that the older antiretroviral regimens used in resource-poor settings are associated with higher diabetes risk.
24.9 Conclusion
With cART now widely available in developed countries, individuals with HIV are living longer and have a better quality of life. The metabolic consequences of virologic control include increased risk of diabetes, dyslipidemia, and cardiovascular disease, and in the management of the patient with HIV, the physician must navigate the complex mix of both traditional risk factors and those related to the virus and its treatment. Prevention, early identification, and treatment are becoming increasingly important in this population, and cardiovascular risk in the individual with HIV should be considered part of the routine care for that individual.

References
1. United Nations. UNAIDS Report On The Global AIDS Epidemic, 2013. www.unaids.org/en/resources/campaigns/globalreport2013.

2. Samaras K. Prevalence and pathogenesis of diabetes mellitus in HIV-1 infection treated with combined antiretroviral therapy. J Acquir Immune Defic Syndr. 2009;50(5):499–505.

3. Willig AL, Overton ET. Metabolic consequences of HIV: pathogenic insights. Curr HIV/AIDS Rep. 2014;11(1):35–44.

4. Samaras K. The burden of diabetes and hyperlipidemia in treated HIV infection and approaches for cardiometabolic care. Curr HIV/AIDS Rep. 2012;9(3):206–217.

5. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2014;37(Suppl. 1):S81–S90.

6. El-Sadr WM, Mullin CM, Carr A, et al. Effects of HIV disease on lipid, glucose and insulin levels: results from a large antiretroviral-naive cohort. HIV Med. 2005;6(2):114–121.

7. Kilby JM, Tabereaux PB. Severe hyperglycemia in an HIV clinic: preexisting versus drug-associated diabetes mellitus. J Acquir Immune Defic Syndr Hum Retrovirol. 1998;17(1):46–50.

8. Capeau J, Bouteloup V, Katlama C, et al. Ten-year diabetes incidence in 1046 HIV-infected patients started on a combination antiretroviral treatment. AIDS. 2012;26(3):303–314.

9. Carr A, Samaras K, Thorisdottir A, Kaufmann GR, Chisholm DJ, Cooper DA. Diagnosis, prediction, and natural course of HIV-1 protease-inhibitor-associated lipodystrophy, hyperlipidaemia, and diabetes mellitus: a cohort study. Lancet. 1999;353(9170):2093–2099.

10. Justman JE, Benning L, Danoff A, et al. Protease inhibitor use and the incidence of diabetes mellitus in a large cohort of HIV-infected women. J Acquir Immune Defic Syndr. 2003;32(3):298–302.

11. Tien PC, Schneider MF, Cole SR, et al. Antiretroviral therapy exposure and incidence of diabetes mellitus in the women’s interagency HIV study. AIDS. 2007;21(13):1739–1745.

12. Brinkman K, Smeitink JA, Romijn JA, Reiss P. Mitochondrial toxicity induced by nucleoside-analogue reverse-transcriptase inhibitors is a key factor in the pathogenesis of antiretroviral-therapy-related lipodystrophy. Lancet. 1999;354(9184):1112–1115.

13. Ranade K, Geese WJ, Noor M, et al. Genetic analysis implicates resistin in HIV lipodystrophy. AIDS. 2008;22(13):1561–1568.

14. Eastone JA, Decker CF. New-onset diabetes mellitus associated with use of protease inhibitor. Ann Intern Med. 1997;127(10):948.

15. Gelato MC. Insulin and carbohydrate dysregulation. Clin Infect Dis. 2003;36(Suppl. 2):S91–S95.

16. Galli L, Salpietro S, Pellicciotta G, et al. Risk of type 2 diabetes among HIV-infected and healthy subjects in Italy. Eur J Epidemiol. 2012;27(8):657–665.

17. Calza L, Masetti G, Piergentili B, et al. Prevalence of diabetes mellitus, hyperinsulinaemia and metabolic syndrome among 755 adult patients with HIV-1 infection. Int J STD AIDS. 2011;22(1):43–45.

18. Hasse B, Ledergerber B, Furrer H, et al. Morbidity and aging in HIV-infected persons: the Swiss HIV cohort study. Clin Infect Dis. 2011;53(11):1130–1139.

19. De Wit S, Sabin CA, Weber R, et al. Incidence and risk factors for new-onset diabetes in HIV-infected patients: the data collection on adverse events of anti-HIV drugs (D:A:D) study. Diabetes Care. 2008;31(6):1224–1229.

20. Brambilla AM, Novati R, Calori G, et al. Stavudine or indinavir-containing regimens are associated with an increased risk of diabetes mellitus in HIV-infected individuals. AIDS. 2003;17(13):1993–1995.

21. Yoon C, Gulick RM, Hoover DR, Vaamonde CM, Glesby MJ. Case-control study of diabetes mellitus in HIV-infected patients. J Acquir Immune Defic Syndr. 2004;37(4):1464–1469.

22. Samaras K, Wand H, Law M, Emery S, Cooper D, Carr A. Prevalence of metabolic syndrome in HIV-infected patients receiving highly active antiretroviral therapy using international diabetes foundation and adult treatment panel III criteria: associations with insulin resistance, disturbed body fat compartmentalization, elevated C-reactive protein, and [corrected] hypoadiponectinemia. Diabetes Care. 2007;30(1):113–119.

23. Keithley JK, Duloy AM, Swanson B, Zeller JM. HIV infection and obesity: a review of the evidence. J Assoc Nurses AIDS Care. 2009;20(4):260–274.

24. Tate T, Willig AL, Willig JH, et al. HIV infection and obesity: where did all the wasting go? Antivir Ther. 2012;17(7):1281–1289.

25. Crum-Cianflone N, Roediger MP, Eberly L, et al. Increasing rates of obesity among HIV-infected persons during the HIV epidemic. PLoS One. 2010;5(4):e10106.

26. Fysekidis M, Cohen R, Bekheit M, et al. Sleeve gastrectomy is a safe and efficient procedure in HIV patients with morbid obesity: a case series with results in weight loss, comorbidity evolution, CD4 count, and viral load. Obes Surg. 2015;25(2):229–233.

27. Crum-Cianflone NF, Roediger M, Eberly LE, et al. Impact of weight on immune cell counts among HIV-infected persons. Clin Vaccine Immunol. 2011;18(6):940–946.

28. Koethe JR, Jenkins CA, Shepherd BE, Stinnette SE, Sterling TR. An optimal body mass index range associated with improved immune reconstitution among HIV-infected adults initiating antiretroviral therapy. Clin Infect Dis. 2011;53(9):952–960.

29. Viardot A, Heilbronn LK, Samocha-Bonet D, Mackay F, Campbell LV, Samaras K. Obesity is associated with activated and insulin resistant immune cells. Diabetes Metab Res Rev. 2012;28(5):447–454.

30. Viardot A, Lord RV, Samaras K. The effects of weight loss and gastric banding on the innate and adaptive immune system in type 2 diabetes and prediabetes. J Clin Endocrinol Metab. 2010;95(6):2845–2850.

31. Jan V, Cervera P, Maachi M, et al. Altered fat differentiation and adipocytokine expression are inter-related and linked to morphological changes and insulin resistance in HIV-1-infected lipodystrophic patients. Antivir Ther. 2004;9(4):555–564.

32. Mynarcik DC, McNurlan MA, Steigbigel RT, Fuhrer J, Gelato MC. Association of severe insulin resistance with both loss of limb fat and elevated serum tumor necrosis factor receptor levels in HIV lipodystrophy. J Acquir Immune Defic Syndr. 2000;25(4):312–321.

33. Kotler DP, Ionescu G, Johnson JA, et al. Studies of adipose tissue metabolism in human immunodeficiency virus-associated lipodystrophy. Clin Infect Dis. 2003;37(Suppl. 2):S47–S51.

34. Samaras K, Gan SK, Peake PW, Carr A, Campbell LV. Proinflammatory markers, insulin sensitivity, and cardiometabolic risk factors in treated HIV infection. Obesity. 2009;17(1):53–59.

35. Milner KL, van der Poorten D, Trenell M, et al. Chronic hepatitis C is associated with peripheral rather than hepatic insulin resistance. Gastroenterology. 2010;138(3):932–941 e1-3.

36. Butt AA, McGinnis K, Rodriguez-Barradas MC, et al. HIV infection and the risk of diabetes mellitus. AIDS. 2009;23(10):1227–1234.

37. Brar I, Shuter J, Thomas A, et al. A comparison of factors associated with prevalent diabetes mellitus among HIV-Infected antiretroviral-naive individuals versus individuals in the National Health and Nutritional Examination Survey cohort. J Acquir Immune Defic Syndr. 2007;45(1):66–71.

38. Butt AA, Fultz SL, Kwoh CK, Kelley D, Skanderson M, Justice AC. Risk of diabetes in HIV infected veterans pre- and post-HAART and the role of HCV coinfection. Hepatology. 2004;40(1):115–119.

39. Howard AA, Hoover DR, Anastos K, et al. The effects of opiate use and hepatitis C virus infection on risk of diabetes mellitus in the women’s interagency HIV study. J Acquir Immune Defic Syndr. 2010;54(2):152–159.

40. Jain MK, Aragaki C, Fischbach L, et al. Hepatitis C is associated with type 2 diabetes mellitus in HIV-infected persons without traditional risk factors. HIV Med. 2007;8(8):491–497.

41. Kalra S, Agrawal N. Diabetes and HIV: current understanding and future perspectives. Curr Diab Rep. 2013;13(3):419–427.

42. Mallon PW, Miller J, Cooper DA, Carr A. Prospective evaluation of the effects of antiretroviral therapy on body composition in HIV-1-infected men starting therapy. AIDS. 2003;17(7):971–979.

43. Aberg JA, Zackin RA, Brobst SW, et al. A randomized trial of the efficacy and safety of fenofibrate versus pravastatin in HIV-infected subjects with lipid abnormalities: AIDS Clinical Trials Group Study 5087. AIDS Res Hum Retroviruses. 2005;21(9):757–767.

44. Noor MA, Lo JC, Mulligan K, et al. Metabolic effects of indinavir in healthy HIV-seronegative men. AIDS. 2001;15(7):F11–F18.

45. Aidala AA, Lee G, Abramson DM, Messeri P, Siegler A. Housing need, housing assistance, and connection to HIV medical care. AIDS Behav. 2007;11(Suppl. 6):101–115.

46. Mulligan K, Grunfeld C, Tai VW, et al. Hyperlipidemia and insulin resistance are induced by protease inhibitors independent of changes in body composition in patients with HIV infection. J Acquir Immune Defic Syndr. 2000;23(1):35–43.

47. Carr A, Emery S, Law M, et al. An objective case definition of lipodystrophy in HIV-infected adults: a case-control study. Lancet. 2003;361(9359):726–735.

48. Garg H, Joshi A, Mukherjee D. Cardiovascular complications of HIV infection and treatment. Cardiovasc Hematol Agents Med Chem. 2013;11(1):58–66.

49. Worm SW, De Wit S, Weber R, et al. Diabetes mellitus, preexisting coronary heart disease, and the risk of subsequent coronary heart disease events in patients infected with human immunodeficiency virus: the data collection on adverse events of anti-HIV drugs (D:A:D Study). Circulation. 2009;119(6):805–811.

50. Calza L. Renal toxicity associated with antiretroviral therapy. HIV Clin Trials. 2012;13(4):189–211.

51. Cohen DB, Allain TJ, Glover S, et al. A survey of the management, control, and complications of diabetes mellitus in patients attending a diabetes clinic in Blantyre, Malawi, an area of high HIV prevalence. Am J Trop Med Hyg. 2010;83(3):575–581.

52. Medapalli RK, Parikh CR, Gordon K, et al. Comorbid diabetes and the risk of progressive chronic kidney disease in HIV-infected adults: data from the veterans aging cohort study. J Acquir Immune Defic Syndr. 2012;60(4):393–399.

53. Choi AI, Rodriguez RA, Bacchetti P, Bertenthal D, Volberding PA, O’Hare AM. Racial differences in end-stage renal disease rates in HIV infection versus diabetes. J Am Soc Nephrol. 2007;18(11):2968–2974.

54. Kim PS, Woods C, Dutcher L, et al. Increased prevalence of albuminuria in HIV-infected adults with diabetes. PLoS One. 2011;6(9):e24610.

55. Reijmer YD, van den Berg E, de Bresser J, et al. Accelerated cognitive decline in patients with type 2 diabetes: MRI correlates and risk factors. Diabetes Metab Res Rev. 2011;27(2):195–202.

56. McCutchan JA, Marquie-Beck JA, Fitzsimons CA, et al. Role of obesity, metabolic variables, and diabetes in HIV-associated neurocognitive disorder. Neurology. 2012;78(7):485–492.

57. Dube MP, Cadden JJ. Lipid metabolism in treated HIV infection. Best Pract Res Clin Endocrinol Metab. 2011;25(3):429–442.

58. Grunfeld C, Kotler DP, Shigenaga JK, et al. Circulating interferon-alpha levels and hypertriglyceridemia in the acquired immunodeficiency syndrome. Am J Med. 1991;90(2):154–162.

59. Feingold KR, Staprans I, Memon RA, et al. Endotoxin rapidly induces changes in lipid metabolism that produce hypertriglyceridemia: low doses stimulate hepatic triglyceride production while high doses inhibit clearance. J Lipid Res. 1992;33(12):1765–1776.

60. Grunfeld C, Pang M, Doerrler W, Shigenaga JK, Jensen P, Feingold KR. Lipids, lipoproteins, triglyceride clearance, and cytokines in human immunodeficiency virus infection and the acquired immunodeficiency syndrome. J Clin Endocrinol Metab. 1992;74(5):1045–1052.

61. Eron Jr J, Yeni P, Gathe Jr J, et al. The KLEAN study of fosamprenavir-ritonavir versus lopinavir-ritonavir, each in combination with abacavir-lamivudine, for initial treatment of HIV infection over 48 weeks: a randomised non-inferiority trial. Lancet. 2006;368(9534):476–482.

62. Hicks CB, Cahn P, Cooper DA, et al. Durable efficacy of tipranavir-ritonavir in combination with an optimised background regimen of antiretroviral drugs for treatment-experienced HIV-1-infected patients at 48 weeks in the Randomized Evaluation of Strategic Intervention in multi-drug reSistant patients with Tipranavir (RESIST) studies: an analysis of combined data from two randomised open-label trials. Lancet. 2006;368(9534):466–475.

63. Fontas E, van Leth F, Sabin CA, et al. Lipid profiles in HIV-infected patients receiving combination antiretroviral therapy: are different antiretroviral drugs associated with different lipid profiles? J Infect Dis. 2004;189(6):1056–1074.

64. Dragsted UB, Gerstoft J, Pedersen C, et al. Randomized trial to evaluate indinavir/ritonavir versus saquinavir/ritonavir in human immunodeficiency virus type 1-infected patients: the MaxCmin1 trial. J Infect Dis. 2003;188(5):635–642.

65. Dube MP, Parker RA, Tebas P, et al. Glucose metabolism, lipid, and body fat changes in antiretroviral-naive subjects randomized to nelfinavir or efavirenz plus dual nucleosides. AIDS. 2005;19(16):1807–1818.

66. Murphy RL, Sanne I, Cahn P, et al. Dose-ranging, randomized, clinical trial of atazanavir with lamivudine and stavudine in antiretroviral-naive subjects: 48-week results. AIDS. 2003;17(18):2603–2614.

67. Noor MA, Parker RA, O’Mara E, et al. The effects of HIV protease inhibitors atazanavir and lopinavir/ritonavir on insulin sensitivity in HIV-seronegative healthy adults. AIDS. 2004;18(16):2137–2144.

68. Mills AM, Nelson M, Jayaweera D, et al. Once-daily darunavir/ritonavir vs lopinavir/ritonavir in treatment-naive, HIV-1-infected patients: 96-week analysis. AIDS. 2009;23(13):1679–1688.

69. Gallant JE, Staszewski S, Pozniak AL, et al. Efficacy and safety of tenofovir DF vs stavudine in combination therapy in antiretroviral-naive patients: a 3-year randomized trial. JAMA. 2004;292(2):191–201.

70. Group DADS, Friis-Moller N, Reiss P, et al. Class of antiretroviral drugs and the risk of myocardial infarction. N Engl J Med. 2007;356(17):1723–1735.

71. Glass TR, Ungsedhapand C, Wolbers M, et al. Prevalence of risk factors for cardiovascular disease in HIV-infected patients over time: the Swiss HIV Cohort Study. HIV Med. 2006;7(6):404–410.

72. Law MG, Friis-Moller N, El-Sadr WM, et al. The use of the Framingham equation to predict myocardial infarctions in HIV-infected patients: comparison with observed events in the D:A:D study. HIV Med. 2006;7(4):218–230.

73. Friis-Moller N, Sabin CA, Weber R, et al. Combination antiretroviral therapy and the risk of myocardial infarction. N Engl J Med. 2003;349(21):1993–2003.

74. Group DADS, Sabin CA, Worm SW, et al. Use of nucleoside reverse transcriptase inhibitors and risk of myocardial infarction in HIV-infected patients enrolled in the D:A:D study: a multi-cohort collaboration. Lancet. 2008;371(9622):1417–1426.

75. Triant VA, Josephson F, Rochester CG, et al. Adverse outcome analyses of observational data: assessing cardiovascular risk in HIV disease. Clin Infect Dis. 2012;54(3):408–413.

76. Petoumenos K, Worm SW. HIV infection, aging and cardiovascular disease: epidemiology and prevention. Sex Health. 2011;8(4):465–473.

77. Strategies for Management of Antiretroviral Therapy Study Group, El-Sadr WM, Lundgren J, et al. CD4+count-guided interruption of antiretroviral treatment. N Engl J Med. 2006;355(22):2283–2296.

78. Bozzette SA, Ake CF, Tam HK, Chang SW, Louis TA. Cardiovascular and cerebrovascular events in patients treated for human immunodeficiency virus infection. N Engl J Med. 2003;348(8):702–710.

79. Worm SW, Sabin C, Weber R, et al. Risk of myocardial infarction in patients with HIV infection exposed to specific individual antiretroviral drugs from the 3 major drug classes: the data collection on adverse events of anti-HIV drugs (D:A:D) study. J Infect Dis. 2010;201(3):318–330.

80. Bucher HC, Richter W, Glass TR, et al. Small dense lipoproteins, apolipoprotein B, and risk of coronary events in HIV-infected patients on antiretroviral therapy: the Swiss HIV Cohort Study. J Acquir Immune Defic Syndr. 2012;60(2):135–142.

81. Strategies for Management of Anti-Retroviral Therapy I, Groups DADS. Use of nucleoside reverse transcriptase inhibitors and risk of myocardial infarction in HIV-infected patients. AIDS. 2008;22(14):F17–F24.

82. Ribaudo HJ, Benson CA, Zheng Y, et al. No risk of myocardial infarction associated with initial antiretroviral treatment containing abacavir: short and long-term results from ACTG A5001/ALLRT. Clin Infect Dis. 2011;52(7):929–940.

83. Cruciani M, Zanichelli V, Serpelloni G, et al. Abacavir use and cardiovascular disease events: a meta-analysis of published and unpublished data. AIDS. 2011;25(16):1993–2004.

84. Brothers CH, Hernandez JE, Cutrell AG, et al. Risk of myocardial infarction and abacavir therapy: no increased risk across 52 GlaxoSmithKline-sponsored clinical trials in adult subjects. J Acquir Immune Defic Syndr. 2009;51(1):20–28.

85. Lundgren JD, Battegay M, Behrens G, et al. European AIDS Clinical Society (EACS) guidelines on the prevention and management of metabolic diseases in HIV. HIV Med. 2008;9(2):72–81.

86. Aberg JA, Gallant JE, Ghanem KG, et al. Primary care guidelines for the management of persons infected with HIV: 2013 update by the HIV medicine association of the Infectious Diseases Society of America. Clin Infect Dis. 2014;58(1):1–10.

87. American Diabetes Association. Standards of medical care in diabetes—2014. Diabetes Care. 2014;37(Suppl. 1):S14–S80.

88. Eckhardt BJ, Holzman RS, Kwan CK, Baghdadi J, Aberg JA. Glycated hemoglobin A(1c) as screening for diabetes mellitus in HIV-infected individuals. AIDS Patient Care STDS. 2012;26(4):197–201.

89. Beatty G, Khalili M, Abbasi F, et al. Quantification of insulin-mediated glucose disposal in HIV-infected individuals: comparison of patients treated and untreated with protease inhibitors. J Acquir Immune Defic Syndr. 2003;33(1):34–40.

90. Kalra S, Unnikrishnan AG, Raza SA, et al. South Asian consensus guidelines for the rational management of diabetes in human immunodeficiency virus/acquired immunodeficiency syndrome. Indian J Endocrinol Metab. 2011;15(4):242–250.

91. Dube MP, Stein JH, Aberg JA, et al. Guidelines for the evaluation and management of dyslipidemia in human immunodeficiency virus (HIV)-infected adults receiving antiretroviral therapy: recommendations of the HIV Medical Association of the Infectious Disease Society of America and the Adult AIDS Clinical Trials Group. Clin Infect Dis. 2003;37(5):613–627.

92. Grinspoon S. Diabetes mellitus, cardiovascular risk, and HIV disease. Circulation. 2009;119(6):770–772.

93. May M, Lawlor DA, Patel R, Rumley A, Lowe G, Ebrahim S. Associations of von Willebrand factor, fibrin D-dimer and tissue plasminogen activator with incident coronary heart disease: British Women’s Heart and Health cohort study. Eur J Cardiovasc Prev Rehabil. 2007;14(5):638–645.

94. Friis-Moller N, Thiebaut R, Reiss P, et al. Predicting the risk of cardiovascular disease in HIV-infected patients: the data collection on adverse effects of anti-HIV drugs study. Eur J Cardiovasc Prev Rehabil. 2010;17(5):491–501.

95. Reinsch N, Neuhaus K, Esser S, et al. Are HIV patients undertreated? Cardiovascular risk factors in HIV: results of the HIV-HEART study. Eur J Prev Cardiol. 2012;19(2):267–274.

96. Satlin MJ, Hoover DR, Glesby MJ. Glycemic control in HIV-infected patients with diabetes mellitus and rates of meeting American Diabetes Association management guidelines. AIDS Patient Care STDS. 2011;25(1):5–12.

97. Dietary guidelines for Americans, 2010. 7th ed. Washington, DC. www.health.gov/dietaryguidelines/2010.asp.

98. Chandra RK. Nutrition, immunity and infection: from basic knowledge of dietary manipulation of immune responses to practical application of ameliorating suffering and improving survival. Proc Natl Acad Sci U S A. 1996;93(25):14304–14307.

99. Council NHaMR. Eat for health. In: Ageing DoHa, ed. Australian dietary guidelines. Canberra: National Health and Medical Research Council; 2013.

100. Allison SP. Hospital food as treatment. Clin Nutr. 2003;22(2):113–114.

101. Correia MI, Waitzberg DL. The impact of malnutrition on morbidity, mortality, length of hospital stay and costs evaluated through a multivariate model analysis. Clin Nutr. 2003;22(3):235–239.

102. Gallagher-Allred CR, Voss AC, Koop KL. The effect of medical nutrition therapy on malnutrition and clinical outcomes. Nutrition. 1999;15(6):512–514.

103. Raiten DJ, Mulligan K, Papathakis P, Wanke C. Executive summary—nutritional care of HIV-infected adolescents and adults, including pregnant and lactating women: what do we know, what can we do, and where do we go from here? Am J Clin Nutr. 2011;94(6):1667S–1676S.

104. Raiten DJ. Nutrition and pharmacology: general principles and implications for HIV. Am J Clin Nutr. 2011;94(6):1697S–1702S.

105. Kosmiski LA, Sage-El A, Kealey EH, Bessesen DH. Brown fat activity is not apparent in subjects with HIV lipodystrophy and increased resting energy expenditure. Obesity. 2011;19(10):2096–2098.

106. Koethe JR, Heimburger DC. Nutritional aspects of HIV-associated wasting in sub-Saharan Africa. Am J Clin Nutr. 2010;91(4):1138S–1142S.

107. Fields-Gardner C, Campa A, American Dietetics A. Position of the American Dietetic Association: nutrition intervention and human immunodeficiency virus infection. J Am Diet Assoc. 2010;110(7):1105–1119.

108. Lake JE, Currier JS. Metabolic disease in HIV infection. Lancet Infect Dis. 2013;13(11):964–975.

109. Harper AE. Defining the essentiality of nutrients 9th ed. Boston, MA: William & Wilkins; 1999.

110. Bier DM, Brosnan JT, Flatt JP, et al. Report of the IDECG Working Group on lower and upper limits of carbohydrate and fat intake International Dietary Energy Consultative Group. Eur J Clin Nutr. 1999;53(Suppl. 1):S177–S178.

111. Expert Panel on Detection E, Treatment of High Blood Cholesterol in A. Executive summary of the third report of the National Cholesterol Education Program (NCEP) expert panel on detection, evaluation, and treatment of high blood cholesterol in adults (adult treatment panel III). JAMA. 2001;285(19):2486–2497.

112. Chowdhury R, Warnakula S, Kunutsor S, et al. Association of dietary, circulating, and supplement fatty acids with coronary risk: a systematic review and meta-analysis. Ann Intern Med. 2014;160(6):398–406.

113. Brown L, Rosner B, Willett WW, Sacks FM. Cholesterol-lowering effects of dietary fiber: a meta-analysis. Am J Clin Nutr. 1999;69(1):30–42.

114. Hansel B, Nicolle C, Lalanne F, et al. Effect of low-fat, fermented milk enriched with plant sterols on serum lipid profile and oxidative stress in moderate hypercholesterolemia. Am J Clin Nutr. 2007;86(3):790–796.

115. Elosua R, Molina L, Fito M, et al. Response of oxidative stress biomarkers to a 16-week aerobic physical activity program, and to acute physical activity, in healthy young men and women. Atherosclerosis. 2003;167(2):327–334.

116. Bouchard C, Depres JP, Tremblay A. Exercise and obesity. Obes Res. 1993;1(2):133–147.

117. O’Brien K, Nixon S, Tynan AM, Glazier RH. Effectiveness of aerobic exercise in adults living with HIV/AIDS: systematic review. Med Sci Sports Exerc. 2004;36(10):1659–1666.

118. O’Brien K, Nixon S, Tynan AM, Glazier R. Aerobic exercise interventions for adults living with HIV/AIDS. Cochrane Database Syst Rev 2010; published online http://dx.doi.org/doi:10.1002/14651858.CD001796.pub3; 2010.

119. Yarasheski KE, Tebas P, Stanerson B, et al. Resistance exercise training reduces hypertriglyceridemia in HIV-infected men treated with antiviral therapy. J Appl Physiol. 2001;90(1):133–138.

120. Driscoll SD, Meininger GE, Ljungquist K, et al. Differential effects of metformin and exercise on muscle adiposity and metabolic indices in human immunodeficiency virus-infected patients. J Clin Endocrinol Metab. 2004;89(5):2171–2178.

121. Jones SP, Doran DA, Leatt PB, Maher B, Pirmohamed M. Short-term exercise training improves body composition and hyperlipidaemia in HIV-positive individuals with lipodystrophy. AIDS. 2001;15(15):2049–2051.

122. Garber CE, Blissmer B, Deschenes MR, et al. American College of Sports Medicine position stand Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc. 2011;43(7):1334–1359.

123. Thompson PD, Arena R, Riebe D, Pescatello LS, American College of Sports Medicine. ACSM’s new preparticipation health screening recommendations from ACSM’s guidelines for exercise testing and prescription, ninth edition. Curr Sports Med Rep. 2013;12(4):215–217.

124. Nolte LA, Yarasheski KE, Kawanaka K, Fisher J, Le N, Holloszy JO. The HIV protease inhibitor indinavir decreases insulin- and contraction-stimulated glucose transport in skeletal muscle. Diabetes. 2001;50(6):1397–1401.

125. Smith CJ, Levy I, Sabin CA, Kaya E, Johnson MA, Lipman MC. Cardiovascular disease risk factors and antiretroviral therapy in an HIV-positive UK population. HIV Med. 2004;5(2):88–92.

126. Benard A, Bonnet F, Tessier JF, et al. Tobacco addiction and HIV infection: toward the implementation of cessation programs ANRS CO3 aquitaine cohort. AIDS Patient Care STDS. 2007;21(7):458–468.

127. Duval X, Baron G, Garelik D, et al. Living with HIV, antiretroviral treatment experience and tobacco smoking: results from a multisite cross-sectional study. Antivir Ther. 2008;13(3):389–397.

128. Crothers K, Goulet JL, Rodriguez-Barradas MC, et al. Decreased awareness of current smoking among health care providers of HIV-positive compared to HIV-negative veterans. J Gen Intern Med. 2007;22(6):749–754.

129. Wolf PA, D’Agostino RB, Kannel WB, Bonita R, Belanger AJ. Cigarette smoking as a risk factor for stroke The Framingham Study. JAMA. 1988;259(7):1025–1029.

130. Wannamethee SG, Shaper AG, Whincup PH, Walker M. Smoking cessation and the risk of stroke in middle-aged men. JAMA. 1995;274(2):155–160.

131. Lifson AR, Neuhaus J, Arribas JR, et al. Smoking-related health risks among persons with HIV in the strategies for management of antiretroviral therapy clinical trial. Am J Public Health. 2010;100(10):1896–1903.

132. Iloeje UH, Yuan Y, L’Italien G, et al. Protease inhibitor exposure and increased risk of cardiovascular disease in HIV-infected patients. HIV Med. 2005;6(1):37–44.

133. Cummins D, Trotter G, Moussa M, Turham G. Smoking cessation for clients who are HIV-positive. Nurs Stand. 2005;20(12):41–47.

134. Elzi L, Spoerl D, Voggensperger J, et al. A smoking cessation programme in HIV-infected individuals: a pilot study. Antivir Ther. 2006;11(6):787–795.

135. Wewers ME, Neidig JL, Kihm KE. The feasibility of a nurse-managed, peer-led tobacco cessation intervention among HIV-positive smokers. J Assoc Nurses AIDS Care. 2000;11(6):37–44.

136. Park-Wyllie LY, Antoniou T. Concurrent use of bupropion with CYP2B6 inhibitors, nelfinavir, ritonavir and efavirenz: a case series. AIDS. 2003;17(4):638–640.

137. Pedrol-Clotet E, Deig-Comerma E, Ribell-Bachs M, Vidal-Castell I, Garcia-Rodriguez P, Soler A. Bupropion use for smoking cessation in HIV-infected patients receiving antiretroviral therapy. Enferm Infecc Microbiol Clin. 2006;24(8):509–511.

138. Rojas LB, Gomes MB. Metformin: an old but still the best treatment for type 2 diabetes. Diabetol Metab Syndr. 2013;5(1):6.

139. Hadigan C, Corcoran C, Basgoz N, Davis B, Sax P, Grinspoon S. Metformin in the treatment of HIV lipodystrophy syndrome: a randomized controlled trial. JAMA. 2000;284(4):472–477.

140. Hadigan C, Rabe J, Grinspoon S. Sustained benefits of metformin therapy on markers of cardiovascular risk in human immunodeficiency virus-infected patients with fat redistribution and insulin resistance. J Clin Endocrinol Metab. 2002;87(10):4611–4615.

141. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in type 2 diabetes: a patient-centered approach: position statement of the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD). Diabetes Care. 2012;35(6):1364–1379.

142. Sheth SH, Larson RJ. The efficacy and safety of insulin-sensitizing drugs in HIV-associated lipodystrophy syndrome: a meta-analysis of randomized trials. BMC Infect Dis. 2010;10:183.

143. van Wijk JP, de Koning EJ, Cabezas MC, et al. Comparison of rosiglitazone and metformin for treating HIV lipodystrophy: a randomized trial. Ann Intern Med. 2005;143(5):337–346.

144. Fitch K, Abbara S, Lee H, et al. Effects of lifestyle modification and metformin on atherosclerotic indices among HIV-infected patients with the metabolic syndrome. AIDS. 2012;26(5):587–597.

145. Nachega JB, Hsu AJ, Uthman OA, Spinewine A, Pham PA. Antiretroviral therapy adherence and drug-drug interactions in the aging HIV population. AIDS. 2012;26(Suppl. 1):S39–S53.

146. Aboulafia DM, Johnston R. Simvastatin-induced rhabdomyolysis in an HIV-infected patient with coronary artery disease. AIDS Patient Care STDS. 2000;14(1):13–18.

147. Hsu A, Granneman GR, Bertz RJ. Ritonavir Clinical pharmacokinetics and interactions with other anti-HIV agents. Clin Pharmacokinet. 1998;35(4):275–291.

148. King JR, Acosta EP. Tipranavir: a novel nonpeptidic protease inhibitor of HIV. Clin Pharmacokinet. 2006;45(7):665–682.

149. Erickson DA, Mather G, Trager WF, Levy RH, Keirns JJ. Characterization of the in vitro biotransformation of the HIV-1 reverse transcriptase inhibitor nevirapine by human hepatic cytochromes P-450. Drug Metab Dispos. 1999;27(12):1488–1495.

150. von Moltke LL, Greenblatt DJ, Granda BW, et al. Inhibition of human cytochrome P450 isoforms by nonnucleoside reverse transcriptase inhibitors. J Clin Pharmacol. 2001;41(1):85–91.

151. Iwamoto M, Kassahun K, Troyer MD, et al. Lack of a pharmacokinetic effect of raltegravir on midazolam: in vitro/in vivo correlation. J Clin Pharmacol. 2008;48(2):209–214.

152. Coll B, Aragones G, Parra S, Alonso-Villaverde C, Masana L. Ezetimibe effectively decreases LDL-cholesterol in HIV-infected patients. AIDS. 2006;20(12):1675–1677.

153. Negredo E, Molto J, Puig J, et al. Ezetimibe, a promising lipid-lowering agent for the treatment of dyslipidaemia in HIV-infected patients with poor response to statins. AIDS. 2006;20(17):2159–2164.

154. Gerber JG, Kitch DW, Fichtenbaum CJ, et al. Fish oil and fenofibrate for the treatment of hypertriglyceridemia in HIV-infected subjects on antiretroviral therapy: results of ACTG A5186. J Acquir Immune Defic Syndr. 2008;47(4):459–466.

155. Miller J, Brown D, Amin J, et al. A randomized, double-blind study of gemfibrozil for the treatment of protease inhibitor-associated hypertriglyceridaemia. AIDS. 2002;16(16):2195–2200.

156. Hall V, Thomsen RW, Henriksen O, Lohse N. Diabetes in Sub Saharan Africa 1999–2011: epidemiology and public health implications A systematic review. BMC Public Health. 2011;11:564.




Chapter 25
Energy Expenditure and Substrate Oxidation in Subjects with Human Immunodeficiency Virus Treated with Antiretroviral Drugs
Helena Siqueira Vassimon,    Health Promotion Program, University of Franca, São Paulo, Brazil


Resting energy expenditure (REE) represents 60% to 70% of total energy expenditure (TEE). In asymptomatic adults with HIV, both on and off antiretroviral drugs, REE may be increased by approximately 10%. The etiology of this hypermetabolism requires future investigation. In practice, it is important to determine TEE to prescribe the correct amount of calories for weight gain or weight maintenance. To our knowledge, only two studies have evaluated the concordance of REE between indirect calorimetry and prediction equations. One study showed that existing equations were unable to predict REE accurately, and the other showed that Melchior equations could be used in clinical practice (for Brazilian subjects with HIV). Those with HIV using antiretroviral drugs may also have altered substrate oxidation, with higher carbohydrate oxidation and lower lipid oxidation. Nutritional intervention is important to maintain weight. Energy intake and physical activity should be assessed and high-quality diets offered to minimize metabolic abnormalities.
Keywords
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25.1 Introduction
Since the first HIV cases were reported in the 1980s, much progress has been made in terms of understanding, treating, and preventing human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS). Life expectancy has increased dramatically as a result of potent antiretroviral therapy (ART). The number of asymptomatic subjects with HIV is increasing. Also, individuals treated for HIV infection exhibit changes in body fat distribution and metabolic abnormalities such as insulin resistance (IR) and hypertriglyceridemia. Subjects with HIV may also have an increased risk of cardiovascular diseases. Therefore, nutritional care should be structured to help these patients combat these problems (Figure 25.1).

[image: image]
Figure 25.1 General dietary assessment structure.
In clinical practice, the nutritional requirement for asymptomatic subjects with HIV usually focuses on total intake of energy and protein. It is important to calculate energy intake to maintain normal weight. In some settings, weight loss remains a major problem for subjects with HIV. However, studies have been showing an increased prevalence of obesity in the population with HIV. The prevalence of obesity in asymptomatic subjects with HIV who are on antiretroviral drugs needs future studies to evaluate the possible risks or benefits of this condition. The Clinical Research Program HIV Working Group evaluated 1,001 subjects with HIV (mean age of 29 years) and observed that 48% were overweight or obese. Sixty-one percent of the subjects had been diagnosed in the ART era, and the authors associated the excessive weight with the smaller increases in CD4 counts. The authors concluded that weight monitoring and maintenance programs may be useful components of HIV clinical care visits [1].
25.2 Energy Expenditure

25.2.1 Definition
Energy intake must match total energy expenditure (TEE) to maintain weight. TEE can be divided into three components: resting energy expenditure (REE), diet-induced thermogenesis, and physical activity energy expenditure [2]. REE is responsible for 60–70% of TEE and is defined as “the amount of energy consumed during metabolic activities to keep homeostasis during rest” [3].

REE should be obtained during the early morning hours, with the individual awake, after a 12- to 14 h fast, and with the subject in the supine position and ambient temperature between 25°C and 26°C. Under these conditions, the effects of recent physical activity, food intake, and the environment have minimal influence on energy expenditure. REE is influenced by age, gender, and body composition, but lean mass is the most important determinant of REE [4].


The measurement of REE can determine the energy requirements [5]. REE can be obtained by indirect calorimetry (IC), a method that quantifies the consumption of oxygen and production of carbon dioxide from the air inhaled and exhaled by the lungs [3]. IC is a noninvasive technique that can be applied in basic research and clinical studies. There are two types of devices: one that allows the measurement of the constant volume of oxygen consumed and the volume of carbon dioxide released, which is used in more acute situations; and the respiratory chamber, which would be used more to measure energy expenditure in 24 h or more [6]. The use of IC is to determine actual energy requirements, which can change according to the clinical situation, underlying disease, and physical activity level. Both overestimation and underestimation of energy requirements have a negative effect on the recovery or maintenance of nutritional status of the individual [7].
25.2.2 Higher Energy Expenditure in Subjects with HIV
Since the emergence of HIV infection, descriptions of the REE in subjects with HIV have been published [8]. Inconsistency in the reports in the literature has led to poorly understood energy requirements in the population with HIV. Since the 1990s, it has been observed that energy expenditure in subjects with HIV is higher than that in the general population. In 2005, a meta-analysis of previous studies performed between 1981 and 2004 aimed to ascertain the mean difference in REE (in kilojoule) per kilogram of fat-free mass between subjects with HIV and control subjects. Thirty-two studies were evaluated, totaling data from 785 subjects with HIV and 403 healthy control subjects. The results showed overall REE or muscle mass to be higher in subjects control than in healthy controls by an estimated 630–660 kJ, or 9% [9].

In 2007, a mechanistic review described some mechanisms, including viral load, CD4 count, use of antiretroviral drugs, body composition, hormones and proinflammatory cytokines, to be associated with dysregulated energy expenditure in subjects with HIV. Despite much investigation, the factors associated with altered energy expenditure remain unclear [3].

The independent action of HIV was described in a study that compared REE for over a year among asymptomatic men with HIV and HIV-seronegative men. It was observed that REE per kilogram of muscle mass was higher in subjects with HIV, indicating that HIV infection affects host metabolism in the early asymptomatic stage, before CD4+T-cell counts start to decline [8]. An American longitudinal study in 372 participants (250 subjects with HIV not on ART and 122 subjects on ART) noted that although the use of ART could decrease REE by reducing the viral load, it seemed to increase energy demand through mechanisms independent of its effect on viral load, showing an independent association between antiretroviral drugs and increased REE [10].


Lipodystrophy syndrome could be another risk factor associated to dysregulated energy expenditure. Kosmiski et al. [11] showed REE to be higher in 14 subjects with HIV and lipodystrophy syndrome who were on PIs than in 5 subjects without lipodystrophy syndrome (control), concluding that body composition was strongly correlated with REE [11]. These authors emphasized that hypermetabolism was already documented in other cases of congenital lipodystrophy [12–15] and also in Pima Indians with diabetes [16]. In another study, REE was found to be increased at baseline (21±0.24 kcal/kg muscle mass) in subjects with HIV and lipodystrophy syndrome compared with subjects with HIV but without lipodystrophy syndrome (19±0.48 kcal/kg muscle mass), P<0.01 [17].

Fewer studies have directly measured TEE in subjects with HIV. Kosmiski et al. [18] compared TEE measured by using IC in a closed chamber (24 h) in 12 men with HIV and lipodystrophy syndrome, 7 HIV men without lipodystrophy syndrome, and 14 healthy controls, ensuring standardized consumption of eucaloric diet. REE adjusted to muscle mass was higher in men with HIV and lipodystrophy syndrome (2,246.9±51 kcal/day) compared with men with HIV but without lipodystrophy syndrome (1,885.1±65 kcal/day) and the control group (1,718.5±47 kcal/day) (P<0.01). REE in subjects with HIV and lipodystrophy syndrome group was 19% higher than in subjects with HIV but without lipodystrophy syndrome and 30% higher than in the control group. The authors were unable to explain what could lead to severe discrepancy [18]. Comparisons between studies are difficult because there is no consensus on the definition of lipodystrophy, and there are different methods to evaluate body composition.

One of the challenges would be knowing which organ tissue is responsible for hypermetabolism. It is known that 60% of the metabolic activity in REE is derived from the liver, brain, heart, and kidneys, which represent only 5.5% of body weight. Muscle tissue accounts for approximately 40% of body weight and comprises 20% of other REE, and fat mass represents 9% to 8% of body weight and could influence around 4% of REE [18]. Kosmiski et al. [19] examined the organ-tissue basis to explain increased REE in HIV-related lipoatrophy [20]. The REE was measured by using IC in 29 subjects with HIV and lipodystrophy syndrome, 29 subjects with HIV but without lipodystrophy, and 19 healthy controls. Multivariate regression analysis showed that the estimated metabolic rate was elevated only in the skeletal muscle of subjects with HIV and lipodystrophy syndrome, suggesting that hypermetabolism in this group could be associated with skeletal muscle. Taking into consideration that subjects with HIV and lipodystrophy syndrome have ectopic fat storage, that authors suggested that hypermetabolism could be an adaptive thermogenesis because of the inability to stock substrate of triglycerides in the normal way, being a form of energy dissipation [19,20].


Increased energy expenditure could be explained by mitochondrial dysfunction [3,17]. The mitochondrial activity by substrate oxidation and heat dissipation is the key mechanism for energy expenditure at baseline, and several factors could alter this spending, such as the following:


1. HIV infection itself, wherein the viral protein R could reduce the mitochondrial membrane potential, leads to exhaustion of protons and apoptosis, and all subsequent effects could alter energy regulation, apoptosis of adipocytes, and insulin resistance lipotoxicity.

2. Antiretroviral drugs may otherwise affect mitochondrial function, inhibiting DNA polymerase-γ and, thus, mitochondrial transcriptional activity and reducing the amount of mitochondrial DNA. This leads to reduction in the efficiency of the respiratory chain for adenosine triphosphate (ATP) production, contributing to increased oxygen consumption.

3. Or this may be caused by triglycerides and the fatty acid cycle that is in greater activity, which consumes energy.



25.2.3 Equations to Estimate Energy Expenditure
Clinically, the use of IC is not feasible; it appears that the recommendation to calculate REE should be 10% higher than for the general populations. Although there is an increase of 10% in energy EER, the reduction in physical activity, increase in caloric intake, or a combination of both could result in normal TEE [2]. Vassimon et al. [21] observed subjects with HIV and lipodystrophy syndrome had hypermetabolism (10% of higher of REE), food intake was not significantly higher, but all subjects were sedentary, which indicated a compensatory reduction in physical activity.

Predictive equations are effective to evaluate REE and establish a proper diet. To our knowledge, only two studies have evaluated the concordance between REE values obtained by IC and predictive equations [21,22]. Some equations to estimate REE are described in Table 25.1.


Table 25.1

Men of Predictive Equations for REE HIV-Infected Individuals




	Author
	Formula
	Unit




	Harris-Benedict (1919) [35]
	Men: 66.5+(13.8×weight)+(5.0×height)−(6.8×age)
	kcal/day


	Schofield (1985) [36]
	(0.048×weight)+3.653
	MJ/day


	Cunnigham (1991) [37]
	(370+21.6×lean mass)×4(1).8
	kJ/day


	Melchior et al. (1991) [38]
	1,366+126×lean mass
	kJ/day


	Melchior et al. (1993) [39]
	1,379+123×lean mass
	kJ/day




Weight in kg; height in cm; age in years; lean mass in kg.
Abbreviations: kJ, kilojoule; MJ, mega joule.

Source: From Ref. [22].



Batterham et al. [22] evaluated 70 stable subjects with HIV (62 on antiretroviral drugs) to examine how accurate the predictions equations were. All the equations were invalid to calculate REE. The subgroups had heterogeneity in body composition, and the authors concluded that it is important to develop equations taking into account the body composition of subjects with HIV [22]. Another study evaluated 32 Brazilian men with HIV on antiretroviral drugs. The two equations by Melchior (1991 and 1993) showed strong concordance with IC values (0.63 and 0.66, respectively) [21]. Some factors might explain the lack of concordance of equations: (1) equations developed based on a healthy population, not in the population with HIV; (2) clinical condition of hypermetabolism presented by the group; and (3) lack of inclusion of muscle mass as a variable of the equation. The Melchior equations were developed in subjects with HIV, adjusted to muscle mass; however, the asymptomatic participants were malnourished. Development of a valid equation that can be used in a specific population is essential.
25.3 Substrate Oxidation

25.3.1 Definition
The energy balance can be quantified for each of the macronutrients (protein, carbohydrate, and fat) such that lipid balance is the rate of carbohydrate intake minus the rate of carbohydrate oxidation, reflecting a change in carbohydrate stores. Macronutrient balance plays an important role in weight control and body fat reserves [23].

The chemical energy produced (ATP) is released from diet nutrient oxidation and is converted to carbon dioxide (CO2), water (H2O), and heat in the presence of oxygen (O2). With the values of the volumes of O2 and CO2 production, obtained by using IC, and the values of urinary nitrogen, it is possible to calculate the oxidation of each substrate—carbohydrate, lipid, or protein—by inserting these variables into specific equations [7]. The oxidation of protein and carbohydrate spontaneously adjusts to food intake; however, this does not occur with lipid, which is mostly stored during the postprandial phase [23].

The respiratory quotient (RQ), which is defined as the ratio between VO2 and VCO2, reflects the substrate use [7]. Complete oxidation of glucose within a given system, for example, result in RQ equal to 1, considering that for the oxidation of the substrate, the number of molecules of O2 consumed is equal to the number of molecules released from VCO2. The use of different substrates is associated with different VO2 and VCO2, and thus RQ (Table 25.2).


Table 25.2

Consumption of O2 and CO2 Release Second Oxidized Substrate





	Substrate
	Oxygen consumed
	Carbon dioxide produced
	RQ
	Heat produced per gram oxidized (kcal)




	1 g Glucose
	0.746
	0.746
	1.00
	3.75


	1 g Lipid
	2.029
	1.430
	0.69
	9.30


	1 g Protein
	0.966
	0.782
	0.81
	4.30







[image: Image]



Source: From Ref. [7].



The clinician should evaluate the nutrition care plan for the proportion of nutrients and the amount of nutrition provided. If the intake of protein, carbohydrate, and lipid is equal to each oxidation, the normal body weight would be maintained. Currently, the concept of balanced macronutrients is accepted as the physiologic basis for determining changes in body composition in healthy subjects [24,25].
25.3.2 Higher Oxidation and Lower Lipid Oxidation Carbohydrate
Increased carbohydrate oxidation and hyperinsulinemia could predispose to weight gain [26]. Studies individuals with diabetes who are obese observed lower lipid oxidation associated with changes in body composition [23,26]. In a population of Pima Indians (n = 83) and white subjects (n = 29), carbohydrate oxidation was a predictor of increased demand for food intake. It was observed that higher carbohydrate oxidation was associated with weight gain, interfering with weight change in the short term [26].

Few studies have evaluated the substrate oxidation in subjects with HIV and showed conflicting results [11,17,18,20,27]. Sutinen and Yki-Jarvinen [17] compared substrate oxidation between groups of subjects with HIV and with or without the lipodystrophy syndrome and found that the oxidation of carbohydrate and protein was similar and that lipid oxidation was higher in the group with lipodystrophy.

However, most studies observed lower lipid oxidation in subjects with HIV on ART. Kosmiski et al. [18] observed higher carbohydrate oxidation and lower lipid oxidation in subjects with HIV compared with the healthy control group, emphasizing that this could be similar to features of lipodystrophy diseases. The study of Vassimon et al. [21] detected increased RQ, with lower lipid oxidation and higher carbohydrate oxidation in subjects with HIV and lipodystrophy syndrome. Kosmiski et al. [18] found increased carbohydrate oxidation per muscle mass in subjects with HIV and lipodystrophy syndrome (362.5±23 g/day) compared with the control group (250±22 g/day) (P < 0.01).

Luzi et al. [27] observed markedly increased RQ in the group of subjects with HIV and lipodystrophy syndrome (n = 12) compared with the healthy control group. In this study, impaired lipid oxidation was followed by ectopic fat accumulation in tissues such as muscle and liver, which is inversely correlated with insulin sensitivity. Skeletal muscle stimulates glucose oxidation by insulin action, and fatty acid oxidation is dependent on the uptake by these transporter proteins into muscle. Fatty acids are important substrates during fasting in healthy individuals; however, it seems that the accumulation of triglycerides in muscle interferes with oxidation of the preference substrates, and this accumulation of triglycerides could result in IR and lower oxidation lipids [28].

The principle of the Randle Cycle is based on the exchange of substrate utilization, which primarily depends on the availability of free fatty acids. As a result, increasing predominance oxidation of lipids on carbohydrate could cause hyperglycemia or IR [29]. This cycle showed that the competition between substrates did not occur in only one direction and that excess glucose (hyperglycemia) could increase carbohydrate oxidation and suppress lipid oxidation, causing hypertriglyceridemia or fat accumulation. Thus, hyperglycemia may alter the normal preference for lipid oxidation in skeletal muscle, which explains, in part, the accumulation of lipid in this location [29]. These authors support the hypothesis that this failure of the predominance of lipid oxidation in the fasting state could be the key mechanism of the accumulation of triglycerides in skeletal muscle. This muscle ectopic storage could contribute to IR and altered glucose metabolism [29].

Cade et al. [30], to examine the relationships between lipolysis and fatty acid oxidation during rest, moderate exercise (70 min), and recovery (60 min), evaluated three groups: HIV-seronegative subjects (n = 10), subjects with HIV who were not on PIs (n = 10) and subjects with HIV on ritonavir. Reduced lipid oxidation during exercise was observed in subjects with HIV compared with healthy controls, and the authors suggested that insulin could play an important role in response to reduced lipolysis and that the problem would be more related to decreased mobilization of free fatty acids in the adipose tissue than to a defect in lipid intramyocellular oxidation [30]. It seems that these subjects do not have proportional lipid oxidation, which enhances hepatic flux of free fatty acids and makes them available for hepatic re-esterification [31].

The results of Haugaard et al. [32] demonstrated that the oxidation of carbohydrate, endogenous glucose production in fasting, and IR in subjects with HIV on antiretroviral drugs could explain 50% of the variation in lactate levels and indicate defects or inadequacies in the function of mitochondria from this group. The anaerobic glycolysis pathway was used as part of the power supply, producing lactate and left to oxidize glucose [32].

In summary, it appears safe to conclude that substrate oxidation is altered in subjects with HIV on antiretroviral drugs, with higher carbohydrate oxidation and lower lipid oxidation compared with the general population. Higher carbohydrate oxidation and lower lipid oxidation in other populations have been linked to obesity, leading to chronic diseases such as cardiovascular disease [33,34]. It is noteworthy that treatment of dyslipidemia in this particular group is considered difficult [31]. Diets or foods that increase fat oxidation can contribute in the future to the improvement of the metabolic profile and body weight maintenance. Further studies are needed to understand fuel oxidation and storage in subjects with HIV on antiretroviral drugs.
25.4 Conclusions

It is important to take into consideration food intake and physical activity while calculating energy expenditure. In the absence of predicted equations, it is possible to use Melchior equations cautiously. REE is approximately 10% higher in subjects with HIV than in the general population. The goal of nutritional intervention is to maintain normal weight. Substrate oxidation is a new challenge, and data suggest that subjects with HIV on antiretroviral drugs have higher carbohydrate oxidation and lower lipid oxidation.
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Chapter 26
Nutritional Interventions in Reducing Morbidity and Mortality in People with Human Immunodeficiency Virus
Robert Kelechi Obi,    Department of Microbiology, Federal University of Technology, Owerri, Imo State, Nigeria


Achieving and maintaining optimal nutrition is an important adjunct in the clinical care of people infected by human immunodeficiency virus (HIV). Good nutrition improves immune functions, limits disease-specific complications, and increases quality of life and chances of survival. Before the advent of HIV, malnutrition was the first major global cause of immunosuppression and dysregulation of immune responses in over 850 million people, 200 million of whom live in Sub-Saharan Africa. Micro- and macronutrient–associated deficiencies can impair phagocytic function in innate immunity and adversely affect several aspects of adaptive immunity, including cytokine production as well as antibody formation and cell-mediated immunities. Nutritional assessment, counseling, care, and support are, therefore, important from the early stages of HIV infection to prevent the development of nutritional deficiencies and improve health outcomes in children, adolescents, and adults living with HIV.
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26.1 Introduction
Globally, an estimated 35.3 million people were living with human immunodeficiency virus (HIV) by the end of 2013, with 1.5 million deaths and 2.1 million new infections—approximately 6,000 infections per day. Similarly, there were an estimated 3.2 million children afflicted by the virus, with 240,000 new infections and 190,000 deaths [1]. Although human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) is found in all parts of the world, some areas are more afflicted than others, with sub-Saharan Africa, with its estimated 24.7 million cases (around 71% of the global total), 1.1 million deaths, and 1.5 million new infections in 2013, topping the list of the worst-affected regions [2]. In Eastern Europe and Central Asia, the prevalence was 1.1 million cases, 53,000 deaths, and 110,000 new infections, whereas 1.6 million positive cases, 47,000 deaths, and 94,000 new infections were recorded in Latin America [1,3]. People in many of the countries severely affected by high HIV prevalence and incidence rates also suffer from other infectious diseases such as malaria and Ebola, food insecurity, and other serious problems such as wars and conflicts [4].


Complete cure for HIV/AIDS has been diligently pursued by scientists around the world, yet there has been no report of absolute success [5]. Highly active antiretroviral therapy (HAART), despite its high cost and unpleasant side effects [6], however, remains the current and only HIV/AIDS treatment modality [7]. Recent studies have shown that treatment with HAART during primary rather than chronic HIV-1 infection could have several advantages, ranging from disruption of HIV transmission among discordant couples and limiting of viral diversity, to preservation of innate immunity and acceleration of immune restoration, and, in some patients, maintenance of an aviremic state on cessation of ART [8–14]. As a result, the number of people newly infected by HIV and the number of AIDS-related deaths have declined, contributing to the control of the epidemic [3].

Despite the obvious advantages in the use of HARRT, nutrition in individuals with HIV still remains a major factor that determines the strength or weakness of their immune system, susceptibility to opportunistic diseases, and rate of progression to AIDS-related illnesses and death [15]. HIV causes nutritional deficiencies through its effect on nutrient absorption, HIV-mediated inflammation, and induced mucosal immune cell damage in the gastrointestinal tract, which leads to diarrhea and malabsorption, loss of appetite, and odynophagia. In addition, the HIV infection itself or the associated opportunistic infections can result in increase in the amount of energy required by the body during resting conditions, often described as resting energy expenditure [16]. It is clearly obvious that malnutrition and HIV coexist in a vicious perpetuating cycle to further weaken the already compromised immune system of patients [17].

Studies have shown that HAART use results in conditions that perpetuate malnutrition, including increased requirements for macro- and micronutrients, high metabolic demands, and low appetite [18,19]. In the same way, malnutrition could worsen drug side effects, alter drug pharmacokinetics, and affect adherence, thus limiting the beneficial effects of therapy. The rates of disease progression and early death are, however, similar in ART-naive patients as in malnourished patients undergoing therapy [20–22]. Malnutrition in people living with HIV/AIDS has been observed to mostly occur in a background of poverty and lack of access to food [23].

Nutritional support that is aimed at improving immune functions, reducing incidence of complications associated with HIV infection, retarding the progression of HIV infection, improving quality of life, and ultimately reducing mortality associated with HIV/AIDS has been identified as the most immediate and critical need of people living with HIV/AIDS [24]. Consequently, various nutritional interventions such as food-based interventions involving high-energy, high-protein, or high-fat diets, oral supplements with specific micro- and macronutrients, appetite stimulants, and anabolic hormones, have at one time or the other, been tested on people living with HIV/AIDS, with very encouraging results [25–27].

Although population-wide solutions to alleviate food insecurity and improve the nutritional status of the entire community are important, there is a persistent need for targeted supplementation for individuals with HIV to not only improve nutritional status but also enhance adherence to ART and treatment outcomes.
26.2 Nutrition and the Immune System
The immune system comprises two complementary components: innate immunity and adaptive immunity. At the innate level, the immune response to invading pathogens or toxins is immediate but nonspecific, and it is composed of the complement system, phagocytes, lysozymes, and the physical barriers of the skin and mucous membranes. The complementary adaptive immune system provides a more targeted and specific reaction to pathogens and antigens for protection that is more active and long lasting, and it consists of antibodies of five different immunoglobulin classes and cell-mediated immunity that depends on various thymus processed T-lymphocyte subsets and their products, the lymphokines [28,29]. The main function of the immune system is to help maintain homeostasis by providing protection against infections. Conversely, inappropriate or improperly controlled immune functions could elicit pathophysiologic processes such as allergic reactions and chronic inflammatory responses. It is therefore essential to maintain a normal-functioning immune system for the sustenance of a healthy and active life [30].

The adequate functioning of this defense system is critically determined by nutrition [31]. Micro- and macronutrient deficiencies weaken the immune system through atrophy of the thymus and wasting of peripheral lymphoid tissue, impaired antibody production, loss of delayed cutaneous hypersensitivity, alteration of T cells and T-cell subsets (helper, suppressor–cytotoxic, and natural killer cells), decreased T-cell counts, decreased interleukin 2 (IL-2) receptors, and cytokine production, leading to dysregulation of the balanced host response [32,33]. Similarly, infections aggravate micronutrient deficiencies by reducing nutrient intake, increasing losses, and interfering with utilization by altering metabolic pathways [34].

In general, cell-mediated immunity and nonspecific immunity are more sensitive than humoral immunity to nutritional deficiencies, especially in protein energy malnutrition, and this easily leads to increased risk of susceptibility to viral infections such as HIV infection and accelerated progression to AIDS-related diseases [35,36]. Similarly, a decrease in thymic hormone production has been repeatedly documented in various types of nutrient deprivation. Thus, there is the possibility of hormonal control of malnutrition-induced thymocyte depletion involving a decrease of leptin and a concomitant rise of serum glucocorticoid hormone levels [37], as well as altered intestinal mucosa permeability which could further enhance the organism’s vulnerability to infection [38].

Of the micronutrients, zinc; selenium; iron; copper; vitamins A, C, E, and B complex; and folic acid have important influences on immune responses, whereas the macronutrients involved in energy supply include carbohydrates, fats, and proteins [39].

Some pathologic conditions in which nutrition has been observed to play a crucial role as a primary or secondary determinant of some underlying immunologic impairments includes obesity, eating disorders such as anorexia nervosa and bulimia nervosa, food hypersensitivity, cachexia, sarcopenia, marasmus, kwashiorkor, and gastrointestinal disorders [36,40].
26.3 Micronutrients That Support the Immune System
Micronutrients contribute to the body’s natural defenses in three ways: supporting physical barriers of skin and mucosa, cellular immunity, and antibody production [34]. Micronutrients are vitamins and minerals needed by the body in very minute amounts to maintain good health. They cannot adequately be made by the body and must be obtained from diet, supplements, or both. They do not provide energy but perform vital functions that regulate the many activities and chemical reactions that take place inside the body. Consequently, without adequate intake of food items rich in micronutrients, symptoms of a deficiency could develop and, if untreated, could lead to sickness and death [41].

Recommended intake levels have been developed for each vitamin and mineral to give guidance as to how much should be taken every day to prevent deficiency. These are usually described as the recommended daily allowance (RDA) of foods from natural sources; and upper tolerable limit (UL), described as the maximum daily amount of supplements recommended for consumption. These recommendations are standards set for the general population irrespective of HIV status [42,43].

Several studies have, however, shown that people with HIV are at increased risk of developing micronutrient deficiencies. Conversely, these deficiencies can increase the rate of HIV disease progression to AIDS-related deaths. For this reason, it is recommended that the micronutrient requirements for people with HIV should be higher than the RDAs for the general population. Recent clinical studies have demonstrated the invaluable benefits of multivitamins and health care providers now advocate that everyone living with HIV should take a multivitamin–mineral supplement at recommended doses each day [44].
26.3.1 Vitamins

26.3.1.1 Beta-Carotene
The effect of beta-carotene, a precursor of vitamin A, on the immune system is based essentially on its properties as a fat-soluble antioxidant. Reactive oxygen species are formed extensively during inflammatory processes intended to render germs harmless. Beta-carotene, working together with other antioxidants, ensures balanced regulation of oxidative processes occurring during elimination of harmful microorganisms without allowing excess free radicals to damage immune cells [45]. How beta-carotene and other carotenoids could directly strengthen cellular and humoral immune defense is not yet clear [46], but one randomized controlled study in postmenopausal women was able to show that daily consumption of a combination of beta-carotene, lutein, and lycopene or only one of these carotenoids was able to protect lymphocytes against damage to the deoxyribonucleic acid (DNA) of these women [47].

Rich sources of beta-carotene include many vegetables such as leafy greens, carrots, sweet potatoes, winter squash, asparagus, apricots, beets, broccoli, Swiss chard, and mustard greens. Other excellent sources include cantaloupe, yellow corn, green peppers, kale, mangoes, turnip and collard greens, nectarines, peaches, pink grapefruit, pumpkin, spinach, sweet potato, tangerines, tomatoes, and watermelon [48].

RDA and UL for beta-carotene are not yet defined. However, excess consumption of this food item has been reported to increase susceptibility to lung cancer in smokers [44].
26.3.1.2 Vitamin A
Vitamin A (retinol) is important for the development and protection of skin and the mucous membranes that represent the first line of defense against pathogens and for the efficient functioning of the acquired immune system [49]. Vitamin A is therefore needed for the activities of diverse immune cells, for example, division, growth, and differentiation of T cells [50]. Vitamin A also plays a key role in the transport of T cells to tissue and in T cell–dependent antibody reactions [51], as well as in lymphocyte maturation [52]. Deficiency of vitamin A has been linked to diminished ability to fight pathogens [53] and to increased susceptibility to respiratory infections [54]. Studies have shown that targeted consumption of vitamin A can reduce inflammatory processes, for example, in the lungs and the bronchial tubes [55,56].


Food sources rich in vitamin A include tomatoes, watermelon, mangoes, pawpaw, liver, eggs, spinach, broccoli, carrots, leeks, peas, cheddar cheese, tuna, pecans, and pistachios [57]. Some other sources include fish oils, fish, milk and milk products, poultry, pumpkins or other melons, red bell peppers, sweet potatoes, red palm oil, cassava leaves, and oranges [58].

The recommended daily requirement of vitamin A intake from natural sources is 3,000 International Units (IU) for men and 2,300 IU for women, whereas it is 10,000 IU for both sexes for supplements. Potential dangers of excessive vitamin A intake include liver toxicity, dry rough skin and cracked lips, irritability, headache, and birth defects [44].
26.3.1.3 Vitamin B
The B vitamins work together in concert as B complex, and many of these vitamins also play very important roles in supporting a healthy immune system [34]. In AIDS, for instance, more rapid disease progression is seen in patients with deficiencies of vitamins B6 and B12. Vitamin B5 (pantothenic acid), whose deficiency leads to reduced levels of circulating antibodies, has been reported to promote the production and release of antibodies from B cells [59]. B6 is involved in the production of antibodies and in cellular immune defense, as well as in the treatment of inflammatory infections of the respiratory tract. Deficiency of B6 consistently impairs T-cell functions and decreases blood lymphocyte counts as well as shrinkage of the thymus [60,61].

Similarly, deficiencies in vitamins B1 (thiamin) and B2 (riboflavin) have been shown to impair normal antibody response and the ability of macrophages to adhere to microorganisms [62], whereas low levels of vitamin B12, which governs cell division and growth, have been demonstrated to damage the DNA of mononuclear leukocytes, inhibit maturity and multiplication of white blood cells as well as those of phagocytic cells, and possibly affect T-cell function [59]. Folic acid (B9), a key player in immune system development and maintenance, regulates the blood concentration of the amino acid homocystein, which can damage cells when present in large amounts, as seen in patients with chronic immune-dependent diseases such as rheumatoid arthritis or psoriasis [63]. A deficiency of folic acid has been reported to lead to a decrease in T cells, a condition that can result in reduced effectiveness of the soluble factors, and to impede the formation of antibodies or new immune cells [64].

Excellent sources of B vitamins include lettuce (B1, B2, and folate), turnip greens, spinach (folate and B6), cauliflower (folate, vitamin B6, and pantothenic acid), cremini mushrooms (B2, niacin, and pantothenic acid), red pepper (B6), sardines, salmon, tuna, cod, lamb, scallops, shrimp, watermelon (B1 and B6), yam (B6), and beef (B12) [65]. Other sources include eggs, white beans, potatoes, fish, chicken, maize, grains, nuts, avocados, broccoli, leafy green vegetables, and milk [46].


The recommended daily requirement for B vitamins from natural sources in milligrams (mg) for men and women respectively is as follows: BI (1.2 and 0.9), B2 (1.3 and 1.1), B6 (1.3–1.7 and 1.3–1.5), folate (0.4 for both sexes), and B12 (2.4 μg for both sexes). However, daily requirement from supplements has not yet been defined for B1, B2, and B12, and it is 1 mg for folate and 100 mg for B6. Problems that could arise with excessive intake of the B vitamins include tumor growth (B1), nerve damage (B6 and folate), and eye damage (B12) [44].
26.3.1.4 Vitamin C
Vitamin C, a water-soluble antioxidant, has variously been promoted as an immune system booster as well as an antiviral and anticancer nutrient. It supports a decrease in the length of time and severity of symptoms associated with upper respiratory tract viral infections, promotes phagocytic cell functions, reduces severity of allergic reactions, and supports healthy T-cell function. Vitamin C also provides antioxidant activity to support healing at sites of inflammation [59].

Vitamin C has the potential to prevent oxidative damage inside immune cells caused by reactive oxygen species, which are released in greater quantities on activation of immune responses [66]. In addition, vitamin C can promote and prolong the immune functions of leukocytes, lymphocytes, and macrophages and can also stimulate the release of interferon, a signaling molecule involved in defense against viruses. Furthermore, vitamin C accelerates the decomposition of histamine, a signaling molecule involved in the development of cold symptoms in inflammatory reactions in blood [67].

Foods rich in vitamin C include citrus fruits, pawpaw, watermelon, spinach, lettuce, yam, cauliflower, and red pepper. Other sources include Brussel sprouts, soy beans, peaches, sweet potatoes, and vegetables such as broccoli, kale, turnip greens, beet green, mustard green, collard greens, Swiss chard, guavas, mangoes, tomatoes, and asparagus [68].

Recommended daily requirement of vitamin C from natural sources is 75 mg for women and 90 mg for men, while from supplements it is put at 2,000 mg for both sexes. Intake of vitamin C above these recommended dosages could result in excessive iron absorption and diarrhea [44]
26.3.1.5 Vitamin D
Vitamin D modulates the functions of the innate and acquired immune systems and is particularly effective in combating excessive infectious and inflammatory reactions [67]. The fact that many immune cells possess vitamin D receptors [69] shows the invaluable importance of vitamin D in the development and function of immune cells [70]. Vitamin D reinforces the activity of macrophages and monocytes and activates enzymes in T and B lymphocytes. In addition, activities of vitamin D are crucial to infection control, since it increases the blood concentration of the body’s own antimicrobial proteins such as α- and β-defensins [71].

Low blood levels of vitamin D is often associated with and an elevated risk for various autoimmune diseases such as multiple sclerosis [72] or type-1 diabetes [73] as well as about a 40% risk of developing respiratory tract infections [74] or influenza [75]. In one randomized controlled study of patients with a weakened immune system, it was demonstrated that daily administration of 4,000 IU of vitamin D3 for a period of 1 year significantly reduced the incidence of recurrent respiratory tract infections [71].

Food sources rich in vitamin D include fortified milk, fatty fish, egg, liver, and beef [57]. RDA for vitamin D from natural sources is as follows: 200 IU (9–50 years), 400 IU (51–70 years), 600 IU (>70 years), and 1,000 IU (in conditions of osteoporosis); the UL is 2,000 IU. Potential dangers in excessive vitamin D intake include high toxicity levels for the heart, liver, and kidneys, as well as hypercalcemia (excess calcium in blood) [44].
26.3.1.6 Vitamin E
Vitamin E, a fat-soluble antioxidant, protects lipids, which are building blocks of cell membranes, against attack by free radicals such as highly reactive oxygen compounds, free radicals, which occur in the body as a result of metabolic processes (immunologic reactions) and environmental influences. Similarly vitamin E could regulate mast cells, promote wound healing, alleviate allergies, and ward off pathogens [67,76].

Mast cells are activated by oxidized lipoproteins that occur under the influence of proinflammatory signaling molecules (cytokines). These cells then release signaling molecules, which, in particular, encourage allergic inflammatory processes. Vitamin E influences these processes through its oxidation of lipoproteins and concomitant prevention of excessive production and activation of mast cells. Thus, vitamin E can combat overreactions of the immune system and allergic reactions. In addition, vitamin E reduces the formation of proinflammatory cytokines that are produced by macrophages and their precursor cells (monocytes) [77], acts directly on T cells (helper cells), and supports a healthy inflammatory response [78]. T cells and B cells from vitamin E–deficient animals show depressed responses, and tumors have been shown to grow faster in vitamin E–deficient animals [34].

Food sources of vitamin E include almonds and other nuts, hazel nuts, spinach, kiwi, mango, tomatoes, pawpaw, carrot, sunflower seeds, cereals, eggs, butternut squash, green vegetables, broccoli, red pepper, wheat, and plant oils such as soya, corn, and olive oils [79]. Daily adult requirement for vitamin E from natural sources is 22 IU and from supplements 1,500 IU. Megadoses of vitamin E may cause immunosuppression, hemorrhage, and an increase in heart diseases [44].

26.3.1.7 Vitamin K
Vitamin K supports the healthy blood-clotting ability of the body, which is a very crucial role for the seclusion of areas of infections and injury in the healing process. Vitamin K is also necessary for the mineralization of bones. Concentrated sources of vitamin K include cauliflower and green vegetables such as spinach and asparagus [80]. The recommended daily requirement for vitamin K from natural sources is 120 μg for men and 90 μg for women [44].
26.3.2 Omega-3 Fatty Acids
The strength of the immune system is highly dependent on a sufficient supply of the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid, which play an essential role in the regulation of inflammation [81]. While omega-3 fatty acids form the basic substances for the production of anti-inflammatory, hormone-like icosanoids, omega-6 fatty acids (arachidonic acid) are used for the synthesis of proinflammatory icosanoids. If the body is supplied with sufficient amounts of EPA, the concentration of arachidonic acid diminishes and, with it, the amount of proinflammatory icosanoids [82]. As a consequence, the formation of proinflammatory cytokines is reduced, as is the production of reactive oxygen compounds, high concentrations of which can damage immune cells. Proinflammatory cytokines, which include interferons, IL-1, and tumor necrosis factor are important components of the immune defense system. However, when present in high concentrations, they can give rise to excessive, pathologic inflammatory reactions. Randomized controlled studies have shown that patients with rheumatoid arthritis benefit from targeted consumption of omega-3 fatty acids in fish oil as manifested in reduced swelling, diminished pain and near absence of morning stiffness [83,84].
26.3.3 Minerals

26.3.3.1 Iron
Iron is an essential mineral used to transport oxygen to all parts of the body. A slight deficiency of this mineral leads to anemia, whereas a chronic deficiency could bring about organ failure. Conversely, too much iron consumption could lead to production of harmful free radicals, which could also interfere with metabolism, thus causing damage to organs such as the liver and heart. However, the body regulates the uptake of iron efficiently, hence overdose is rare and usually occurs in situations of excessive consumption of supplements [85].


The effect of iron on the immune system depends, in particular, on its concentration in blood. In low concentrations, several reversible functional disorders of the immune system such as proinflammatory processes, defective phagocytic cell functioning, impaired response to antibodies, and immune paralysis occur [86,87]. In one intervention study in children with anemia, fewer infections were observed after targeted administration of iron [86]. The immune system keeps invading microbes in check by depriving them of iron via a specific immune defense substance called lactoferrin, which is made in the intestine and found in breast milk [88]. Excess iron is, however, deleterious to immunity, and thus consumption of iron supplements in large doses should be avoided [59].

Food sources rich in iron include oysters, liver, beef, chicken, squash and pumpkin seeds, nuts (cashew, almond, peanuts, and hazelnut), eggs, green leafy vegetables, seeds, white beans, soybeans, and whole grains. Others sources are spinach, Swiss chard, cocoa powder, dried fruit, sorghum, millet, and tofu. Recommended daily iron intake from natural sources is 8 mg for men and 18 mg for women and from supplements 45 mg [44].
26.3.3.2 Zinc
Zinc is an essential mineral required by the body for maintaining the sense of smell, ensuring a healthy immune system, building proteins, triggering enzymes, and creating DNA. Zinc also helps cells in the body to communicate with each other by acting as a neurotransmitter [42].

Zinc influences immune defense in various ways. As an antioxidant, it protects immune cells against oxidative damage from reactive oxygen compounds, a function it fulfills in synergy with vitamin C [34]. In addition, zinc, a signaling molecule for immune cells, also promotes the growth, maturation, and activity of numerous immune cells such as B and T lymphocytes and natural killer cells [89,90].

A severe lack of zinc can massively reduce the activity of immune cells and the production of antibodies. However, even a slight zinc deficit can make older people, in particular, more susceptible to viral infections and allergic diseases [91]. Food supplementation with zinc can reduce the incidence of acute infections of the lower respiratory tract in children by 15% [92] as well as the symptoms, severity, and duration of a cold, if the supplement is taken orally within 24 h of the appearance of the first symptoms [93].

Excellent natural sources of zinc include oysters, red meat, poultry, beans, nuts, seafood, whole grains, fortified cereals, and dairy products. Other sources are dried apricot, dried peaches, dried plums, avocados, dried grapes and dried bananas, maize, beans, peanuts, dried figs, blackberries, raspberries, and dates. The recommended daily intake (RDI) of zinc from natural sources is 11 mg for men and 8 mg for women, and the dosage of supplement is 40 mg for both genders. Potential dangers in zinc overdose include immune suppression, nausea, metallic taste in the mouth, and copper deficiency [44].
26.3.3.3 Selenium
A clue to selenium’s crucial role in immune system support is the fact that serum levels of this mineral are the single most important nutrient factor accounting for survival in patients with AIDS [59]. As a partner to the key antioxidant, glutathione, in cells, selenium helps protect against the reactive oxygen molecules formed during immunologic processes, as in high concentrations, these molecules can cause oxidative damage to immune cells. In addition, selenium plays an important role in the regulation of the immune system and inflammatory processes [94]. Furthermore, as a component of the selenoproteins, it regulates signal transmission and the function of immune cells, for example, the activation of natural killer cells and the formation of signaling molecules (cytokines). Selenium has also been shown to protect humans from the heart-damaging effects of cytomegalovirus [59].

Selenium deficiency can contribute to an increase in susceptibility to bacterial or viral infections such as influenza [95], elevated risk of complications from infections [96], low CD4+cell counts, and mutation of viruses into more dangerous pathogens. Low selenium levels in blood are associated with an increased risk of disease progression and death [59].

In one small study, it was observed that a daily supplement of 200 μg of selenium might have a positive effect in some people with HIV. Studies of the general population suggest that selenium supplementation may provide some protection from some cancers such as lung, prostate, and colorectal cancers [97].

Excellent sources of selenium include cereals such as maize and millet, milk, yogurt, kolanut, pawpaw, beans, peanut butter, and yam [98]. Other sources include black walnut, oyster, mackerel, whole wheat bread, sunflower seeds, pork, beef, chicken, turkey, and mushrooms [99]. Selenium is consumed in very minute amounts (55 μg) from natural sources, so 400 μg from supplements is recommended. Megadose consumption of selenium could result in brittle hair and nails, irritability, garlic breath, fatigue, and nausea [59].

Other useful minerals involved in immune function include the following: (1) Copper can be obtained from sesame seeds, cashews, soybeans, mushrooms, turnip greens, beet greens, spinach, asparagus, Swiss chard, mustard greens, kale, and summer squash. Copper deficiency is associated with an increase in infections and impairs development of immune cells such as T cells and phagocytic cells. (2) Calcium is obtained from dairy products, fortified soy and rice milk, and fish bone and functions in bone mineralization and muscle contraction. (3) Magnesium is obtained from whole grains, nuts, green vegetables, and legumes; it functions in bone mineralization and actively participates in more than 300 chemical reactions in the body. (4) Manganese, which is richly present in pineapples, is important as an immunostimulant and also in supporting healing from inflammation [56]. (5) Finally, arginine, alkylglycerol, coenzyme Q10, and dimethylglycine may also play crucial roles in supporting the immune system [59].
26.3.4 Probiotics
Probiotics, which are nonpathogenic organisms, include the bacteria Lactobacillus and Bifidobacterium species and yeasts in fermented foods. They help build a healthy population of good bacteria (microflora) in the intestines and keep the gut healthy by preventing the growth of disease-causing bacteria and maintaining the intestinal barrier. Probiotic supplements are helpful after a course of antibiotics because they replace the microflora that would have been damaged by the antibiotic. Probiotics may also reduce chronic diarrhea and improve symptoms of irritable bowel syndrome, as found in Nigeria, where the water from fermented cereals (corn, millet, and sorghum) has been observed to stop diarrhea. The most common type of probiotic is Lactobacillus acidophilus, but some products now contain mixed organisms. These are found in fermented dairy products such as yogurt and kefir [44,100].

Regular consumption of yogurt or kefir may enhance immune defenses in the gut, as demonstrated in a study in which human volunteers who ate yogurt made with specific probiotic bacteria every day showed a higher resistance to microorganisms that cause food poisoning [101]. Certain bacteria in the gut influence the development of some aspects of the immune system such as correcting deficiencies and increasing the numbers of certain T cells [102]. In addition to the probiotic foods already mentioned, other rich sources of this essential food item in Nigeria include fermented corn (pap or ogi, akanmu), fermented millet (kunun zaki), fermented sorghum (burukutu or African beer), fermented oil bean seed (ugba or African salad) and fermented milk (kindirmo, nono, warankasi) [100].
26.4 Macronutrients That Support the Immune System
Macronutrients, comprising carbohydrates, protein, and fats, are energy-rich foods, which are converted into usable forms by the actions of micronutrients. All three macronutrients are needed in the diet, as each performs vital functions in the body, mostly involving provision of energy (calories). Although all the macronutrients provide calories, the amount provided by each varies, with carbohydrate and protein providing 4 cal/g of food each and fat providing 9 cal/g [103]. Energy intake has an important influence on immune activity in undernourished people who are at greater risk of infections. Excessive energy intake may, however, compromise the ability of the immune system to fight infection [101].
26.4.1 Protein
Protein is composed of the 20 amino acids that the body needs for growth and repair and for the proper functioning of the immune system. Although the body can manufacture several amino acids required for protein production, a set of essential amino acids, 9 out of the 20, needs to be obtained from animal and vegetable protein sources. Excess protein consumed is turned into energy by the body [104].

Preoperative administration of the amino acids glutamine and arginine is considered nutrition therapy because of their ability to stimulate the immune system. Interestingly, it is not just the deficiency of these amino acids that can compromise the immune system; an imbalance in the ratios among amino acids can also affect the immune response [40].

Studies have shown that protein malnutrition can have a variety of adverse effects on the immune system. As a matter of fact, protein malnutrition may be an important contributing factor in HIV seroconversion. In addition, deficiency of high-quality protein can result in depletion of immune cells, inability of the body to make antibodies, and other immune-related problems. Furthermore, animal studies have shown that the immune system can be significantly compromised with even a 25% reduction in adequate protein intake [105].

Therefore, a diet that supports a healthy immune system should contain foods providing high-quality, complete proteins such as those found in eggs, fish, and shellfish. Many vegetables and grains are also excellent sources of many of the immune-stimulating amino acids and, together with other protein sources, are particularly beneficial [56]. Other foods with high protein densities include cheese, beans, beef, and roasted pumpkin seeds, squash seed, watermelon seeds, and peanuts. The RDI of protein for men and women living with HIV is 100–150 g and 80–100 g, respectively [105].
26.4.2 Lipids
Foods contain combinations of saturated and unsaturated fats. Saturated fat is found in high quantities in dairy products, eggs, and meats, and vegetable oils are particularly high in unsaturated fats. Unsaturated fats are either monosaturated fats, as in olive or canola oils, or polyunsaturated fats, as in nuts, seeds, and seed oils. Only two kinds of fats are essential, and both of these are polyunsaturated fats. They have important roles as part of cell membranes and as signaling molecules. The essential fatty acids include linoleic acid (omega-6 fatty acids) and α-linoleic acid (omega-3 fatty acid). They are not produced by the body and must be obtained through diet or supplementation. Vitamins A, D, E, and K are fat-soluble vitamins; that is, they need fat to be absorbed into the body. About 20% of fat is all that is need for an adequate daily intake [106,107].

Of all the macronutrients, fats have the greatest potential to cause disease states such as elevated cholesterol levels, when saturated fats are consumed in excess amounts [107]. Reducing fat in the diet is, therefore, important for weight control and proper functioning of the immune system, which might not just fight infections but could also strengthen the type of immune cells to fight tumor cells. Diets that are high in fat depress the immune response and, thus, increase the risk of infections [101].
26.4.3 Carbohydrates
Carbohydrates are the main energy sources of the body. They are chains of small, simple sugars that are broken down and are absorbed by the body as glucose. Glucose is essential for the body, as it is the preferred source of energy for the brain, heart, and central nervous system. For this reason, daily intake in diets should consist of at least 45–65% carbohydrates [108].

Carbohydrates are found in many foods. However, sweet foods with excessive sugar should be avoided, but healthier options such as fruits, vegetables, beans and nuts, as well as whole grains should be embraced. Carbohydrate-rich foods also contain fiber, which cannot be digested by the body but which aids in expelling of wastes and toxins by the intestine and in the lowering of cholesterol levels. Fibers are fermented by the symbiotic bacteria in the colon to become short-chain fatty acids, which are used as fuel by the gastrointestinal tract cells. Studies have shown that fibers that promote short-chain fatty acids also promote a healthy gastrointestinal barrier [103].
26.5 Phytonutrients as Immune Stimulants
The utilization of herbs and spices is part of Africa’s cultural heritage, and they play important roles in the customs, traditions, and food culture of the African household [109]. Nigeria, indeed, is endowed with a variety of these traditional herbs and spices, and different types are consumed by the various ethnic groups for different reasons [110]. Although some are included in foods mainly for their nutritional value; others, however, are reserved for treating the sick and for convalescence because of their medicinal properties [111].

The nutritional content of herbs and spices vary considerably, although generally they contain a small proportion of protein and fat [112,113] and a relatively high proportion of vitamins, provitamins, dietary minerals, fiber, and carbohydrates. Many also contain phytochemicals made up of substances such as alkaloids, terpenes, phenolic compounds, basic metabolites, and glycosides, as well as secondary metabolites, which may have antioxidant, antibacterial, antifungal, antiviral, and anticarcinogenic properties [114,115]. In addition, the presence of many vitamins and other substances in plant materials may provide nutrients that may help protect the body against cancers, diabetes, and heart diseases. The high level of fiber in plant materials helps keep the digestive system healthier and assists in preventing constipation as well as adding interesting flavors to foods [116].

The use of traditional medicine and natural health products (NHPs) is widespread among people living with HIV infection [117], and many patients take a broad range of NHPs in addition to their conventional therapeutic products [118–120]. In Africa, traditional herbal medicines are often used as primary treatment for HIV/AIDS and for HIV-related problems, including dermatologic disorders, nausea, depression, insomnia, and weakness [121]. Some of the herbal and traditional medicines are, however, not well researched, are poorly regulated, and may contain adulterated products that may produce adverse effects [122]. Notwithstanding these concerns, the use of traditional medicines by Africans living with HIV is believed to be widespread, although insufficiently documented [123].

Two principal African herbal compounds used for HIV/AIDS treatment in sub-Saharan Africa are Hypoxis hemerocallidea (African potato), and Sutherlandia frutescens. These two herbal remedies are highly recommended by the South African Ministry of Health for the management of HIV infection [124]. The 14 other member states of the South African Development Community (SADC), which includes Angola, Botswana, Democratic Republic of Congo, Lesotho, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South Africa, Swaziland, Tanzania, Zambia, and Zimbabwe, also support their use [125].

Other herbs believed to be active immune stimulants and widely used by people living with HIV/AIDS in Africa include Aloe vera, Basil, calendula, cardamom, cayenne, camomile, cinnamon, cloves, coriander, fennel eucalyptus, garlic, ginger, lemon, lemon grass, mint, neem, parsley, peppermint, thyme, and turmeric [126]. In addition, a number of studies have recently been completed or are currently underway to investigate the usefulness of Moringa oleifera leaf powder in treating HIV-positive patients in resource-poor settings such as sub-Saharan Africa, where there is a critical shortage of medical supplies and antiretroviral drugs, in line with the recommendation of the 14th International AIDS Conference held in Barcelona, Spain, in 2002 [127]. In addition, in 2010, Swanson et al. [128] reported that BanLec, a jacalin-related lectin isolated from the fruits of Musa acuminata (bananas), is a potent inhibitor of the HIV replication cycle. Other herbs with immune-boosting capabilities include Astragalus, Echinacea, ginseng, cat’s claw, and Glycyrrhiza glabra (licorice root) [129], Prunella vulgaris, Garcinia semsii, Istatis tinctoria, and Trigonostema xyphophylloides [130–133].
26.6 Nutritional Interventions to Reduce Morbidity and Mortality in People Living with HIV
Achieving and maintaining optimal nutrition is an important adjunct in the clinical care of patients infected by HIV, as good nutrition can improve an individual’s immune function, limit disease-specific complications, and improve quality of life and survival [134]. Because HIV and nutrition are so strongly linked, nutritional assistance, which may take the form of nutritional assessment, counseling, or food provision, is often seen as an important part of the response to HIV infection. Nutritional counseling, care, and support are important from the early stages of HIV infection to prevent the development of nutritional deficiencies and improve health outcomes in children, adolescents, and adults living with HIV. These measures reduce the incidence of HIV-associated complications and delay the progression of HIV infection, thereby improving quality of life and ultimately reducing disease-related mortality [135]. Ideally, all people living with HIV should have access to the services of a registered dietician with expertise in nutritional care for those with HIV/AIDS, who will be responsible for assessing the patient’s diet, lifestyle, and nutritional status and provide counseling and referrals, as necessary. Dietary advice should, however, be tailored to individual circumstances [136].

Nutritional counseling may include education on various topics, including healthy eating, achieving or maintaining a healthy body weight, managing lipid abnormalities and lipodystrophy, managing dietary complications related to antiretroviral treatment, managing symptoms that may affect food intake, appropriate use of herbal and nutritional supplements, the role of exercise, and food safety [65]. In addition, provision of food supplements to malnourished patients on ART may increase rates of survival. Such provisions should be made available mostly to orphaned and vulnerable children born to parents with HIV, HIV-positive pregnant and lactating women, and malnourished adults on ART and care programs. In some rich countries, for instance, there are nonprofit organizations such as Moveable Feast (Baltimore, MD) and the Food Chain (London, England), which deliver meals to the homes of patients with HIV [137]. In Nigeria, the Network on Ethics/Human Rights, Law, HIV/AIDS Prevention, Support and Care (NELA), a civil society, nongovernmental organization with HIV/AIDS-related activities, works toward improving the quality of life of people living with HIV/AIDS through The NELA Short Stay Clinic, where evidence-based nutritional care and support are provided [138]. Similarly, the US Agency for International Development’s (USAID) Infant and Young Child Nutrition (IYCN) Project, which works to reduce maternal and child undernutrition and improve the HIV-free survival of infants and young children, is fully operational in Nigeria as well as in other Sub-Saharan African countries [139]. Finally, the nutrition programming by UNICEF in Nigeria focuses on the prevention of mother-to-child transmission of HIV through breastfeeding and on providing care and support for infected mothers and HIV-exposed and infected children. Strategies adopted to achieve this include providing voluntary, confidential testing and infant feeding counseling for pregnant women and helping governments develop infant and young child feeding policies that encourage early and exclusive breastfeeding, including HIV guidelines, preserving the practice of breastfeeding, and promoting optimal infant feeding in hospitals [140].

HIV-positive people with loss of appetite may need to make an extra effort to ensure adequate food intake. Helpful suggestions in achieving this include eating several small meals per day, exercising to stimulate appetite, mashing or liquefying food to ease swallowing, and seeking advice from a health provider or dietician. If other approaches fail to reverse the wasting, then doctors may recommend a liquid food supplement, an appetite stimulant, or resistance exercise to build muscle. Other possibilities may include treatments with steroids and hormone, although these can be expensive and have serious side effects [141].

ART interrupts the replication of HIV and results not only in the improvement of clinical and immune functions but also in rapid and significant weight gain, especially if the diet is supplied with adequate energy, protein, and micronutrients to assist nutritional recovery [142,143]. Reduced BMI is still, however, predictive of mortality even with ART, and this highlights the value of appropriate nutritional monitoring and support in addition to antiretroviral medications [144]. In addition, reduced food intake can undermine the efficacy of ART regimens, since some drugs may not be properly absorbed or can cause significant side effects if not taken with adequate food [145,146].

A working document reviewed by the World Health Organization (WHO) in 2005 recommended that energy intake be increased by 10% for patients with HIV who are asymptomatic, relative to usual dietary recommendations, and by 20–50% for those recovering from opportunistic infections, keeping the proportion of protein between 12% and 15% of total energy intake, and vitamin A supplements every 4–6 months for young children living with HIV in resource-poor settings [135]. In settings where food is scarce or the food quality is poor, it may not be possible to achieve this increase in energy intake without daily supplementation with multivitamins (usually without iron, except in menstruating women or people with iron deficiency) [147,148].

Although there are few studies on the optimal composition of a macronutrient supplement for people with HIV, nutritional interventions, including food packages and macronutrient and micronutrient supplements, have been successfully integrated into antiretroviral programs in sub-Saharan Africa [149], either through the provision of staple foods or via replacements such as ready-to-use foods comprising nutrient-dense supplements, usually in the form of lipid-based spreads with a range of micronutrients; corn-soy blends; or fortified blended foods [150].

Sufficient evidence exists to show that those most likely to benefit from macronutrient supplementation are certain populations of undernourished patients with more advanced disease, particularly in settings where food security may be an issue [151]. Studies among adults with HIV in Haiti, Kenya, Malawi, and Zambia have demonstrated the significantly positive effects of macronutrient supplementation on ART adherence, weight gain, and CD4 counts [152–155]. Other factors that may have influenced this result include the type, quantity, and duration of supplementation, household food security, and food sharing, as well as outcomes of interest such as body weight and clinical measures of HIV infection, and the potential effects on economic productivity, comorbidities, and quality of life [156].
26.7 Conclusion
HIV infection and insufficient nutritional intake are part of a vicious cycle that contributes to immunodeficiency and negative health outcomes. Healthy and balanced nutrition should therefore be one of the goals of counseling and care for people at all stages of HIV infection. An effective program of nutritional care and support will improve the quality of life of people living with HIV/AIDS, by maintaining body weight and strength, replacing lost vitamins and minerals, improving the function of the immune system and the body’s ability to fight infection, extending the period from infection to the development of AIDS-related diseases, and improving response to treatment. Other benefits include reducing the time and money spent on health care; keeping people with HIV active, allowing them to take care of themselves, their family and children; and keeping people with HIV productive, able to work, grow food, and contribute to the income of their families.


In poverty-stricken communities, decrease in behaviors that expose the person to the risk of HIV infection should be an added incentive for national governments and international agencies to invest in reducing hunger by improving infrastructure and development. Ignoring such basic issues as food and hunger will remain a major stumbling block to HIV prevention strategies. However, while population-wide solutions to alleviate food insecurity and improve the nutritional status of the entire community are important, the need for targeted supplementation for individuals with HIV may still remain, to improve not only nutritional status but also ART adherence and outcomes.
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Psychological variables such as perceived exertion and affectivity have provided a range of knowledge inherent to the practice of physical activity in different individuals. This study analyzed the relationship of psychological variables (Subjective Ratings of Perceived Exertion [SRPE] and Feeling Scale [FS]) on the adherence of people living with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS), involved in aerobic activity programs (choreographed gymnastics, hydrogymnastics, and Step). The results revealed that intensity is an intervening factor in the practice of physical activities and that it varied greatly among the proposed activities. The identified affectivity indicated that choreographed gymnastics and hydrogymnastics were the most pleasurable activities from start to finish, and Step was the least pleasurable. Thus, we infer that the analyzed psychological variables can be considered to be factors that influence on adherence to the practice of physical activities in people living with HIV/AIDS.
Keywords
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27.1 Introduction
Currently, understanding transformations and implications of relationships in the health or disease process has become a valid and important research activity.

The impact of the number of human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) cases showing increasing infection indexes reported in different regions in Brazil has resulted not only in increased research to combat this epidemic but also a commitment to improve the rights of those infected and determine more effective services and actions for prevention and treatment of the infection.

Since 1983, Brazilian health services defined some strategies and actions aimed at assisting people with HIV/AIDS to achieve these goals.

Although highly active antiretroviral therapy (HAART) has become a positive strategy because of its impact on the evolution and control of AIDS in the last decades, its adverse effects on people with HIV/AIDS cannot be disregarded. For example, lipodystrophy syndrome is characterized by anatomic changes such as lipoatrophy in the face and limbs; prominence of superficial veins; accumulation of fat in the abdomen, neck, and breasts and metabolic changes such as dyslipidemia and glycemic alterations. Dyslipidemia associated with HIV infection is characterized by low serum levels of high-density lipoprotein cholesterol and elevation of total cholesterol, low-density lipoprotein cholesterol, and triglycerides causing disorders in the patient undergoing HAART [1].

It is possible to reduce the effects caused by lipodystrophy syndrome by change of medications, change of diet, corrective surgery, and engaging in physical activities. Physical activity can make positive changes in physiologic parameters in an infected individual on a short-term basis. In the long term, the systematic practice of physical activities provides benefits that range from physiologic to social and psychological aspects [2]. Although physical activity provides positive benefits to individuals with HIV/AIDS , recent studies [3] have revealed low levels of physical activity in this population. One of the contributing may be related to inconsistent adherence to exercise regimens, which, in most cases, is caused by either lack of initiative in the initial engagement or high rates of abandonment.

Physical activity represents one of the behaviors inherent in humans and depends on habits incorporated into the everyday life through individual, environmental, cultural, and economic provisions. However, a sedentary lifestyle has become more common worldwide. A sedentary lifestyle is correlated to predisposing factors for the development of several diseases, ultimately resulting in economic costs for the subject, families, and society. An individual is considered sedentary when he or she performs physical activities that require low level of energy, equivalent to 500 kcal per week [4]. Although there are several determinants in this complex behavior, two categories may influence physical activity levels: individual characteristics (motivation, self-efficacy, motor skills, and other health behaviors) and environmental characteristics (access to work or leisure spaces, costs, time availability, and cultural support) [5].

According to Malta et al. [6], the profile of physical activity is unsatisfactory in all cities of the Brazilian states, which indicates the need for increased efforts to encourage physical activity programs. In general, the withdrawal rate of participants in physical activity programs is approximately 50% over the first few months [7]. This rate is also found among people living with HIV/AIDS, as a result of the stigma and prejudice that exist in society. Therefore, the creation of intervention strategies supporting and encouraging people living with HIV/AIDS to change habits and regularly engagge in physical activities is a challenge for Physical Education professionals. This theme has currently become the focus of extensive research in cause-and-effect studies and studies to identify factors that affect adherence to systematic physical activities.


Low levels of criticality in individuals, lack of perspective in choices, physical structure, financial values, local issues, and lack of appropriate materials are barriers limiting physical activities in the everyday life of the general population [8].

Studies on adherence to physical activities them have prioritized the effect of the psychological variables in physical activity programs and seek to apply different psychological theories to explain adherence to physical activities by identifying the reasons underlying the choices [9]. Such psychological variables are supported by some theories such as the Self-determination [10,11], Dual Model [12–14], and Hedonic theories [15].

The Self-determination theory [10,11] discusses the degree to which motivation is considered intrinsic to the individual, through his own degree of self-involvement, and how the variable levels of self-determination can influence the selection of actions that lead to desired results. The Dual Model theory is a conceptual framework developed to explain the interindividual variability of corresponding affective responses (ARs) to each domain of exercise intensity, providing an understanding of the dose–response relationship through feelings of comfort or discomfort and pleasure or displeasure [12–14]. According to the Hedonic theory, people are motivated to seek pleasure and avoid pain [15].

It is important to consider the reality of people living with HIV/AIDS when thinking about the relationship between physical activity and the psychological variables related to adherence to physical activities. Interest in this area has increased following investigations that indicated that the systematic practice of physical activities is effective to physically, mentally, and socially rescue and maintain the health of individuals living with HIV/AIDS.

However, studies on the psychological barriers to physical activity in people living with HIV/AIDS using Subjective Ratings of Perceived Exertion (SRPE) and Affection are scarce.

A direct relationship has been observed between the intensity of physical activities normally prescribed by professionals in the field and patient withdrawal. This association has suggested that the intensity of physical activity should be determined by the individual and should be based on a sense of ownership of his or her physical behavior [7].

One factor that can interfere with adherence to an exercise regimen refers to the intensity of activity measured by the SRPE. The SRPE is a simple method for quantifying the internal training load, which consists in multiplying the intensity of the session obtained from the CR10 scale of perceived exertion [16].

In addition to the SRPE, affectivity has been considered a variable of motivation and has been used as an impact factor to enhance and maintain the practice of physical activities. There is evidence that affective experiences surrounding physical activities may contribute to the self-regulation of an active lifestyle. Thus, affectivity can be reported as a psychological variable, which has been linked to positive effects, especially of a preferential nature, in the process of adherence [17].

Thus, the present study analyzed the effect of psychological variables on adherence to programs of physical activities among people living with HIV/AIDS. The goal of this study was to develop strategies that would enhance the understanding of the importance of physical activities and to develop a commitment to exercise with focus on psychological variables and in different contexts and spaces, specifically physical activity programs.

We believe that such an initiative contributes to the field of physical education by sparking the interest of other professionals, and this might also contribute to eliminating the prejudice and various barriers faced by people living with HIV/AIDS to engage in physical activities.
27.2 SRPE and Affectivity in Different Practices of Aerobic Physical Activities
Aerobic exercises are easy to engage in and involve duration, frequency, and intensity. Intensity has the greatest influence on the results achieved, and some variables focused on the subject’s own ability to be perceived in the prescription of training have been of great importance, as is the case with the SRPE and Affectivity.

The physical therapy or exercise session in our study consisted of one single intense session of different aerobic exercises (choreographed gymnastics, hydrogymnastics, and Step). It involved men and women with confirmed HIV infection and CD4+T-cell count greater than or equal to 500 cells/mm3, who were undergoing HAART at the Rafael Fernandes Hospital and enrolled in the Pro-life Program for at least 4 weeks. Subjects ranged in age from 20 to 55 years old (42±5.23). The Pro-life Program evaluates physical activity and quality of life as proposed by the Physical Education College at the Rio Grande do Norte State University in the city of Mossoró-RN.

The participants in the study were initially evaluated anthropometrically on body mass, height, perimetry, skinfolds, and anamnesis to assess their condition for participating in the study. Subjects participated in training sessions to learn movements and become familiar with the proposed activities. All activities were held from 4:30 to 5:10 p.m. Classes were planned within each activity’s specificity, in a standardized way in terms of movements or songs, considering the level and ability of the participating group and self-selected intensity levels. Songs selected for the three activities maintained the same pattern with respect to rhythms to maintain consistency.


Choreographed gymnastics used several choreographed rhythms and was held in a dance room with a mirror. Hydrogymnastics did not use equipment or prioritizing exercises with lateral and frontal movements. Step classes used some equipment and prioritized simple passes, taking into account the level of knowledge about this activity in the participating group.

Participants were familiarized with the routines over 15 days. They also received guidelines for proper use of the Borg CR10 scale [16] and Feeling scale (FS) [18]. Subsequently, the participants underwent two experimental situations as follows:
1. Experimental time: performing physical fitness activities with aerobic characteristics (choreographed gymnastics, hydrogymnastics, and Step)
2. Control time: resting in a sitting position for 40 min

The two sessions were performed at random, in a cross design, that is, while one participant was performing the physical activity, another one was resting. Each aerobics session lasted 40 min and consisted of (1) stretching and warming-up exercises for large muscle groups (5 min); (2) specific movements according to the type of exercise (30 min); and (3) return to inactivity (5 min). All participants performed all experimental and control activities: different exercises were practiced every week and were randomly drawn until everyone had undergone the same experimental and control activities.

The correlation between the results inherent to the psychological variables of the SRPE and FS, observed in people living with HIV/AIDS undergoing a program of physical activity involving the three different aerobic activities, are presented in Table 27.1.


Table 27.1

Correlation between SRPE and FS in Choreographed Gymnastics, Hydrogymnastics, Step (Control and Experimental)





	Control
	 	Experimental


	SRPE10
	SRPE20
	SRPE30
	SRPE40
	 	SRPE10
	SRPE20
	SRPE30
	SRPE40




	Choreographed gymnastics


	−0.09
	 	 	 	FS10
	0.08
	 	 	 
	 	−0.74*
	 	 	FS20
	 	0.00
	 	 
	 	 	−0.69*
	 	FS30
	 	 	0.40
	 
	 	 	 	−0.87**
	FS40
	 	 	 	0.19


	Hydrogymnastics


	0.03
	 	 	 	FS 10
	0.41**
	 	 	 
	 	0.31
	 	 	FS 20
	 	−0.36
	 	 
	 	 	0.07
	 	FS 30
	 	 	−0.73**
	 
	 	 	 	0.63**
	FS 40
	 	 	 	0.47**


	Step


	0.34**
	 	 	 	FS 10
	−0.07
	 	 	 
	 	0.25
	 	 	FS 20
	 	−0.21
	 	 
	 	 	0.17
	 	FS 30
	 	 	−0.34**
	 
	 	 	 	*0.50*
	FS 40
	 	 	 	−0.38**
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Our findings showed that both the SRPE and FS showed a significant difference between control and experimental times in all activities (P < 0.00). The SRPE results varied greatly between the proposed activities and showed that intensity can be a factor interfering with adherence to the practice of physical activities.

The identified affectivity revealed that all activities were perceived as pleasurable from start to finish. The activities considered the most pleasurable were choreographed gymnastics and hydrogymnastics. Conversely, Step was considered the least pleasurable. The feelings triggered by enjoyment of the physical activity provoked greater and continuing participation compared with only information about the benefits of engaging in physical activities. Feelings of pleasure and well-being are the strongest reasons for adherence to the physical regimen [19]. Therefore, practicing simple, low-cost, enjoyable physical activities favor long-term adherence and should be encouraged.

Analysis of the correlation between the SRPE and FS for the choreographed gymnastics in the control time showed a negative correlation: Remaining seated without any effort increased displeasure with the activity.


During the experimental time in the choreographed gymnastics, the correlation between the SRPE and FS was positive, however, it was considered weak at the 10- and 30 -min time points and no correlation was observed at 20 min. It is worth pointing out that choreographed gymnastics did not present significant statistical differences when correlated to the SRPE and FS in any of the moments during the activity. This result leads us to infer that this aerobic activity may contribute to adherence to physical activities by persons living with HIV/AIDS.

Hydrogymnastics showed a positive correlation between the SRPE and the FS during the control time; however, the correlation was weak between 10 and 30 min and moderate between 10 and 40 min. The lack of perceived exertion was reflected in lower affectivity. During the experiment time, the correlation was positive and moderate at 10 and 40 min and negative and weak between 20 and 30 min. Thus, we infer that there were changes in the relationship between exertion and affectivity throughout the activity, especially at the end of the class when the exertion reflected poorly on affectivity.

The correlation between SRPE and FS in the control time was positive at all time points, moderate between 10 and 40 min, and weak at 20 and 30 min. The correlation was negative throughout the Step activity during the experiment time; weak between 10 and 20 min and moderate between 30 and 40 min.

The results showed that during the experiment time in all three activities, self-selection of intensity related to perceptual positive ARs, corroborating with the theory of self-determination in which human motivation varies as a function of the presence or absence of autonomy. Accordingly, long-term behavioral changes occur through the internalization of the process, which refers to the inherent tendency in all individuals to integrate the regulation of activities that are extrinsically motivated [20].

It is worth pointing out that the increased intensity in choreographed gymnastics was not associated with pleasure at times as occurred in hydrogymnastics and Step. This finding corroborates the results reported by Chao et al. [21], who identified that moderate intensity was enjoyable for this population, with higher perceived exertion related to lower levels of pleasure with the activity when examining the SRPE, AR, and post-exercise blood pressure in normotensive and hypertensive women in intense sessions of Tai Chi Chuan.

This can be explained in terms of the Dual Model theory, in which ARs toward exercise can vary, depending on individual differences and metabolic strains associated with the intensity of the stimulus. Therefore, the prescription of moderate to vigorous activity can be perceived as unpleasant [22].

This finding also corroborates the hedonic theory because according to this approach, people are motivated to seek pleasure and avoid pain. Therefore, the understanding of which activity resulted in greater pleasure and which intensity was reported by the group as enjoyable is crucial with regard to people living with HIV/AIDS and may makea significant contribution to devising physical activity programs beneficial to this specific group.

However, one cannot disregard the principles that guide the systematic practice of physical activities, and, according to the American College of Sports Medicine (ACSM), the intensity of exertion to improve cardiorespiratory capacity should be between 55% and 90% of the maximum heart rate (50–85% of VO2max). Similarly, the physiologic responses to the training of people living with HIV/AIDS have been, for the most part, the same as those of individuals who are not infected by the virus [23].

Exercising according to the ACSM standards will result in more effective benefits in the lives of people living with HIV/AIDS, particularly with respect to lipodystrophy syndrome, which is characterized by anatomic changes in different parts of the body [1]. Most studies have demonstrated that regardless of the type of training, most patients with HIV/AIDS have benefited significantly from exercise. However, significantly with HIV/AID patients do not generally participate in physical activities [24]. This finding corroborates the hedonic theory: Activities that provide benefits might not bring pleasure and happiness. Few people have the habit of engaging in vigorous and intense physical activities, which can, in some cases, be associated with something that brings unpleasant sensations [15].

Understanding the underlying reasons for the choices allows the outlining of actions to encourage and to establish physical exercise regimens and promoting motivation and a favorable climate that enhances adherence and minimizes the chances of abandonment [9].

Recent studies have shown that only a minority of adults engage in physical activities at an optimal level. Data from 2009 indicate that in a typical week, 60% of adults in Europe are not engaged in any physical activity. In the United States, less than 50% of adults are considered physically active on a regular basis, whereas data from Canada show that only 15% of adults follow the national physical activity recommendations. Such findings suggest that many people do not have enough motivation to engage in physical activities [25]. Therefore, strategies focused on individual motivation may result in adherence to exercise routines.

Evidence suggests that affective experiences surrounding physical activities may contribute to the self-regulation of a suitably active lifestyle. As proposed in some theories, motivation for physical activity has been linked to positive effect, and intensity of exercise has been linked to preferential nature in the process of adherence [17]. Recently, the degree of individual pleasure experienced during physical activities has been considered a possible mediator of the relationship between intensity of exertion and adherence. This implies that those activities that provide pleasure present a higher probability of success than those that do not provide pleasure [26]. It has been shown that the intensity of exertion, more so than its frequency, is associated with nonadherence and evasion. The level of pleasure obtained during physical activities likely mediates the relationship between intensity and adherence. During the first critical stages, the activity should be highly pleasurable, not just pleasurable, to successfully compete with other pleasurable options that are available to the person at that time [27].

In an effort to increase participation in physical activity and adherence rates, several studies have recommended moderate-intensity activities. First, evidence suggests that some activity is better than none. Second, these activities are preferred because of the belief that they tend to be more enjoyable, or at least more tolerable. As a result, adherence to them is also more likely than to high-intensity activities [28].

ARs to physical activity can vary, depending on individual differences and metabolic profiles associated with the intensity stimulus. Therefore, the prescription of moderate to vigorous activities can be experienced as unpleasant by some [21].

Something that can provide benefits for life might not bring pleasure and happiness, although most people are aware that regular, intense physical activities improve health. Vigorous and intense physical activities can, in some cases, be associated with something not pleasurable, thus causing unpleasant sensations [29].

Some studies have shown that physical activities with low levels of intensity are correlated with reports of well-being. Thus, people tend to look for what is more pleasurable and less painful because it is the easiest way to achieve happiness, even for a short period. Therefore, vigorous physical activities might not bring immediate pleasure and gratification and, thus, are more likely to be abandoned [30]. The prescription of high-intensity physical exercises is a determining factor for decreased adherence to physical activity programs. However, the self-selection of intensity has been highlighted as a significant factor in pleasure, primarily due to its association with humoral, perceptual, and positive ARs.

Some studies also suggest that activities conducted in terrestrial and aquatic environments have distinct differences. Aspects such as the volume of the immersed body, body position, and water temperature result in conditions that are different from those observed in terrestrial environments, which influences stress intensity indicators [31–33].

Some authors have also pointed out that the control of exercise intensity is more difficult in activities in aquatic environments because of the particular characteristics of this environment. If the SRPE is not considered, this could be used as a good method to control intensity during hydrogymnastics [32]. In contrast to the results from in our study, Moraes et al. [33] found that the intensity of physical activities in aquatic environments was greater than in terrestrial environments when assessing women with regard to jump fit and hydro jump for 40 min. The aquatic environment may present distinct transformations, depending on the motivation level and goal of each participant. According to the theory of self-determination, the distinctions between different types of motivation are driven by reasons and goals that lead to actions. Thus, with intrinsic motivation, individuals participate in an activity because it is inherently interesting or enjoyable, whereas with extrinsic motivation, individuals participate in activities because participation leads to a desired result [34].
27.3 Final Considerations

The results of our study showed that the analyzed psychological variables (SRPE and FS) can be perceived as factors that influence adherence to physical activities in people living with HIV/AIDS.

Programs of physical aerobic activities for people living with HIV/AIDS must comprise enjoyable activities, of light to moderate intensity, to achieve increased involvement and motivation, as this may have a significant effect on adherence in the long term, triggering greater autonomy in the participants through pleasure and satisfaction experienced through the proposed activity.

Thus, when a program of physical activity is proposed, it must be substantiated by the fact that expertise and experience in physical activities result in health improvement. This perspective considers that people living with HIV/AIDS who are affected by the adverse effects of HAART seek, through their participation in physical activities, opportunities that provide them with social support through new relationships, groups of friends, and formation of new bonds within the context in which they live, in addition to the benefits derived from adherence to physical activity programs. The physical activity should provide for the construction of values, important for social inclusion.

This chapter has highlighted the importance of engaging in physical activities for improvement of health. Ideally, engaging in physical activities should be good practice that begins from childhood.
References

1. Soares LR. Perfil antropométrico e distribuição da gordura corpórea relacionados ao risco cardiovascular em adultos vivendo com HIV/AIDS [Tese de Doutorado] São Paulo: Faculdade de medicina da Universidade de São Paulo; 2011.

2. Dambros DD, Lopes LFD, Santos DL. Barreiras percebidas e hábitos de atividade física de adolescentes escolares de uma cidade do Sul do Brasil. Rev Bras Cineantropom Desempenho Hum. 2011;13(6):422–428.

3. Eidam CL, Lopes AS, Guimarães MDC, Oliveira OV. Estilo de vida de pacientes infectados pelo vírus da imunodeficiência humana (HIV) e sua associação com a contagem de linfócitos T CD4+. Rev Bras Cineantropom Desempenho Hum. 2006;8(3):51–57.

4. Gonçalves MP, Alchieri JC. Adaptação e validação da escala de motivação à prática de atividades físicas (MPAM-R). Avaliação Psicológica. 2010;1:129–138.

5. Sousa CIC. [Dissertação de Mestrado] Diversidade genética e resistência natural ao maraviroc em estirpes do vírus da imunodeficiência humana tipo 1 (HIV-1) em circulação em utilizadores de drogas por via endovenosa na Grande Lisboa Lisboa: Universidade Nova de Lisboa; 2012.

6. Malta DC, Moura EC, Castro AM, Cruz DKA, Moraes NOL, Monteiro CA. Padrão de atividade física em adultos brasileiros: resultados de um inquérito por entrevistas telefônicas, 2006. Epidemiol Serv Saúde. 2009;18(1):7–16.

7. Elsangedy HM, Alves RC, Krinski K, Silva SG. Exercício em intensidade auto-selecionada: aspectos fisiológicos, perceptuais, e afetivos relacionados a afetividade e aderência a atividade física. Efdeportes. 2010;15(149):1–7.

8. Louzada JCN, Velardi M, Miranda MLJ. Atividade Física e indivíduos desfavorecidos. Saúde Coletiva. 2009;34:249–254.

9. Guedes DP, Legnani RFS, Legnani E. Motivação para a adesão ao exercício físico: diferenças de acordo com experiência de prática. Revista Brasileira de Ciência e Movimento. 2012;20(3):55–62.

10. Deci EL, Ryan RM. Intrinsic motivation and self-determination in human behaviour New York, NY: Plenum Press; 1985.

11. Deci EL, Ryan RM. A motivational approach to self: integration in personality. In: Lincoln, NE: University of Nebraska Press; 1991;Dienstbier R, ed. Nebraska symposium on motivation. vol. 38.

12. Ekkekakis P. Pleasure and displeasure from the body: perspectives from exercise. Cogn Emot. 2003;17(2):213–239.

13. Ekkekakis P, Hall EE, Petruzzello SJ. Variation and homogeneity in affective responses to physical activity of varying intensities: an alternative perspective on dose–response based on evolutionary considerations. J Sports Sci. 2005;23(5):477–500.

14. Ekkekakis P, Lind E, Joens-Matre RR. Can self-reported preference for exercise intensity predict physiologically defined self-selected exercise intensity? Res Q Exerc Sport. 2006;77(1):81–90.

15. Higgins ET. Beyond pleasure and pain. Am Psychol. 1997;52(12):1280–1300.

16. Borg G. Psychophysical bases of perceived exertion. Med Sci Sports. 1982;14:377–381.

17. Guérin E, Fortier MS. Situational motivation and perceived intensity: their interaction in predicting Changes in positive affect from physical activity. J Obes 2012;1–7.

18. Hardy CJ, Rejeski WJ. Not what, but how one feels: the measurement of affect during exercise. J Sport Exerc Psychol. 1989;11(1):304–331.

19. Ekkekakis P, Parfitt G, Petruzzello SJ. The pleasure and displeasure people feel when they exercise at different intensities. Sports Med. 2011;41(8):641–671.

20. Silva MN, Vieira PN, Coutinho SR, et al. Using self-determination theory to promote physical activity and weight control: a randomized controlled trial in women. J Behav Med. 2010;33:110–122.

21. Chao CH, Okano AH, Savir PAH, et al. Percepção subjetiva de esforço, resposta afetiva e hipotensão pós-exercício em sessão Tai Chi Chuan. Motriz. 2013;19(1):133–140.

22. Parfitt G, Blisset A, Rose EA, Eston R. Physiological and perceptual responses to affect-regulated exercise in healthy young women. Psychophysiology. 2012;49:104–110.

23. Brasil, Ministério da saúde. Secretaria de Vigilância em Saúde. Departamento de DST/AIDS e Hepatites virais. Recomendações para prática de atividades físicas para pessoas vivendo com HIV e AIDS. Brasília; 2012.

24. Juchem GMV, Lazzarotto AR. Treinamento físico na síndrome lipodistrófica: revisão sistemática. Rev Bras Med Esporte. 2010;16(4):310–313 Jul-Ago.

25. Anjos LA, Barbosa TBC, Wahrlich V, Vasconcellos MTL. Padrão de atividade física em um dia típico de adultos de Niterói, Rio de Janeiro, Brasil: resultados da Pesquisa de Nutrição, Atividade Física e Saúde (PNAFS). Cad Saúde Pública. 2012;28(10):1893–1902.

26. Krinski K. [Tese de Doutorado] Respostas psicofisiológicas de mulheres obesas durante caminhada em intensidade autosselecionada realizada em esteira e na pista Curitiba: Universidade Federal do Paraná; 2011.

27. Ekkekakis P, Hall EE, Petruzzello SJ. The relationship between exercise intensity and affective responses demystified: to crack the 40-year-old nut, replace the 40-year-old nutcracker!. Ann Behav Med. 2008;35:136–149.

28. Ekkekakis P, Petruzzello SJ. Analysis of the affect measurement conundrum in exercise psychology: a conceptual case for the affect circumplex. Psychol Sport Exercise. 2002;3:1–26.

29. Salmon P. Effects of physical exercise on anxiety, depression and sensitivity to stress a unifying theory. Clin Psychol Rev. 2001;21(1):33–61.

30. Suh E, Diener E, Fujita F. Events and subjective well-being: only recent, events matter. J Pers Soc Psychol. 1966;70(5):1091–1102.

31. Graef FI, Kruel LFM. Freqüência cardíaca e percepção subjetiva do esforço no meio aquático: diferenças em relação ao meio terrestre e aplicações na prescrição do exercício—uma revisão. Rev Bras Med Esporte. 2006;12(4):221–228 Jul/Ago.

32. Neves AR, Doimo LA. Avaliação da percepção subjetiva de esforço e da freqüência cardíaca em mulheres adultas durante aulas de hidroginástica. Rev Bras Cineantropom Desempenho Hum. 2007;9(4):386–392.

33. Moraes HB, Vale RG, Gomes AL, et al. Frequência cardíaca, percepção subjetiva de esforço e lactato sanguíneo nas aulas de jump fit e hidro jump. Motricidade. 2012;8(2):52–61.

34. Deci EL, Ryan MR. The “What” and “Why” of goal pursuits: human needs and the self-determination of behavior. Psychol Inq. 2000;11(4):227–268.




Chapter 28

HIV/AIDS and Physical Exercises

Intervention, Adherence to HAART, and Health
Maria Irany Knackfuss1, Themis Cristina Mesquita Soares2 and Ubilina Maria da Conceição Maia1,    1Programa de Pós-Graduação em Saúde e Sociedade, Universidade do Estado do Rio Grande do Norte, Brazil,    2Secretaria de Estado da Saúde Pública/RN, Universidade do Estado do Rio Grande do Norte, Brazil



Physical activity and the practice of regular physical exercises are very important for people living with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS). The purpose of this study was to analyze the contributions from the practice of physical exercises in the promotion of health in people living with HIV/AIDS (PLWHA). The study was performed in Natal—Rio Grande do Norte, Brazil, in HIV-seropositive men and women. Data collection occurred from 2008 to 2011, and information was recorded during the different phases of the program. Parameters evaluated were treatment adherence, CD4+T-cell (TCD4+) levels, and opportunistic infections. Results showed that physical activity resulted in improved perception of health, functional autonomy, and social reintegration and demonstrated the importance of interventions with physical exercises as treatment coadjuvants for PLWHA. Physical exercise aids in the recovery of bodily alterations and disorders caused by lipodystrophy syndrome and TCD4+levels and leads to overall well-being in the participants.
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28.1 Introduction
One of the greatest public health problems worldwide is that 35 million people currently live with human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) [1]. The AIDS epidemic in Brazil has affected 730,000 people in 2013 (20.1 cases per 100,000 inhabitants), representing 2% of the world total number of people with HIV infection [2].

The clinical approach to HIV/AIDS and its complications is quite complex, and although the epidemic and the mortality rates are stable in the country, HIV infection has been considered chronic, evolutionary, and potentially controllable since the emergence of highly active antiretroviral therapy (HAART) and the availability of biologic markers to monitor disease progression [3].

HAART has resulted in a relevant decline in morbidity and mortality rates, increasing life expectancy for patients with HIV/HIV+[4]. However, such therapy has been associated with adverse consequences such as morphologic and metabolic changes [5,6] that lead to increased risk factors for cardiovascular diseases and psychiatric complications.

Changes associated with HIV and HAART are referred to as lipodystrophy syndrome [5] or dyslipidemic lipodystrophy and are characterized by bodily changes related to re-distribution of fat—particularly loss of peripheral fat and accumulation of fat in the central part of the body [6,7]. This was recognized as one of the adverse effects of HAART and has caused the greatest impact on people living with HIV/AIDS (PLWHA), especially in relation to psychosocial disorders that are associated with slower progression of the disease and psychological well-being, which may even influence treatment adherence.

Currently, the efforts to control the HIV epidemic in Brazil are concentrated on early diagnosis, treatment, and interventions with a combination of prevention strategies. The treatment strategy considered as a measure of prevention requires not only a timely diagnosis of infection but also investments in the improvement of health with provision of continuous care to these individuals [8].

Several initiatives were developed to decentralize actions and services based on the implementation of the current guidelines from the National Policy for HIV/AIDS. These guidelines emphasize the decentralization process of assistance and follow the directives of the Health Unified System (SUS).

The right to health is the principle of the already consolidated Brazilian STD/AIDS policy. In the current context, the focus of the national response and the intensification of diagnostic strategies and assistance for PLWHA are targeted to improve quality of life and survival. Hence, Brazil invests in universal access to treatment, prevention, and promotion of human rights.

Interventions must be carried out effectively and on a timely basis, with a focus on education, to offer better treatment and facilitate increased adherence to treatment [1].

This scenario justifies further research efforts initiated in Brazil, with multidisciplinary teams that care for people living with HIV and AIDS expanding their objectives to deepen knowledge and strengthen strategies for action. The goal is also to provide interventions, taking into consideration the national, geographical, cultural, social, and economical diversity, and make efforts toward establishing a more effective policy for fighting the epidemic of HIV/AIDS.

Life expectancy for HIV-positive Brazilians has increased significantly. The aim to strengthen and improve the quality of care for PLWHA has led to the development of various activities for teams at the Specialized Services Assistance, which currently has expanded its clinical vision and has set up regionalized networks. The teams are composed of doctors, nurses, pharmacist–biochemists, psychologists, social workers, physical education professionals, and nursing technicians, all working together for the prevention of aggravations, socialization of users, and especially improvement in the quality of life of people living with HIV/AIDS (PLWHA).

It is known that the development of intervention strategies has been essential in this context, where health promotion actions that highlight the importance of physical exercises comprise the integral and effective line of care and health services system [8]. However, other factors such as intervention policies and treatment adherence must be taken into consideration, with the focus on promoting efforts to improve in the patient’s life conditions.

Adherence is a dynamic and multifactorial process that encompasses physical, psychological, social, cultural, and behavioral aspects and requires shared and committed decisions from PLWHA, the health team, and the social network. Thus, according to the guidelines from the Ministry of Health on clinical protocols, physical exercise is among the key recommendations for care [9]. On the basis of a strategy of supporting adherence to intervention programs that comprise physical exercises, the group aims to provide patients with access to knowledge and experiences that are not available at individual consultations.

Physical exercise is the most common and important coadjuvant treatment in managing the physical changes and metabolic disorders caused by lipodystrophy syndrome [10]. Physical education researchers suggest a combination of aerobic exercises and resistance exercises. In addition, evidence suggests that the benefits of exercising include hormonal and cardiovascular adaptations that are evident both at rest and during stress [10,11].

Epidemiologic and relevant studies have shown an inverse relationship between physical fitness levels and the incidence of obesity, hypertension, diabetes, and coronary artery disease [6,7,12,13]. Some studies have also shown improvements in cognition, self-esteem, body image, perception of control, self-efficacy, and self-confidence, which result in psychological benefit [14].

The purpose of our study is to examine the contributions of physical exercises to the promotion of health in PLWHA, with an emphasis on positive prevention, quality of care, and treatment strategies.
28.2 The Lived Experience
Between 1980 and 2013, 686,478 AIDS cases were reported in Brazil, of which 95,516 occurred in the Northeastern region (13.9%) [2].

Data from research and the national registry have shown some success in the fight against AIDS. The challenges and goals of the specialized health teams assisting PLWHA are focused on managing lipodystrophy syndrome, prevention and treatment of the adverse effects of HAART, reduction of social isolation, and improvement of body image and self-esteem through the promotion of a healthy lifestyle, which has great impact on controlling and treating conditions that result from both HAART and HIV infection.

It is known that during the period from 1998 to 2008, there was no consensus about the impact of adherence to therapeutic physical activity on the quality of life of patients [15]. Therapy adherence of more than 90% is crucial to keep the infection under control [16]; however, due to treatment complexity, many patients experience difficulties complying with prescriptions and require intervention as well as psychological and social support to overcome these difficulties [17].

In this respect, the literature also has reported that behavioral changes associated with lifestyle are considered the second step to treating dyslipidemia associated with HAART [18]. These reports consider that aerobic and resistance exercises with weights are important treatment coadjuvants that help cope with the bodily changes and metabolic disorders caused by lipodystrophy [19].

With regard to strategies for the decentralization of care, the opportunity to create spaces for the practice of oriented physical activities and the implementation of gyms in public services settings may require an environment different from that of traditional gyms to meet the needs of PLWHA.

The main benefits of well-guided and prescribed physical exercises for PLWHA are stable CD4+T-cell (TCD4+) counts; improved body composition; improved cardiorespiratory fitness; improved strength and muscular endurance; decreased anxiety and depression; and prevention of the problems caused by the lipodystrophy syndrome (dyslipidemia, insulin resistance, and osteoporosis) and cardiovascular diseases [20].

So, what efforts should be made to promote the quality of life in PLWHA? According to the recommendations from the STDs, AIDS, and Viral Hepatitis secretariat of Health Surveillance, of the Brazilian Ministry of Health, the work of the multidisciplinary team starts with the objectives of increasing physical activity levels, preventing diseases, and treatment, which would begin with referral to social rehabilitation [21].

The lived experience was based on a study developed between 2008 and 2011 as an extension project named Pro Health Physical Activity by the Physical Education Department of the Federal University of Rio Grande do Norte, in the municipality of Natal, Brazil, with the support of the STDs, AIDS, and Viral Hepatitis State Program in Rio Grande do Norte (PE/DST/AIDS/HV) and the multidisciplinary team from the State Reference Giselda Trigueiro Hospital (GTH). Both men and women with HIV were included as participants and were registered in the Reference Nucleus from the HGT; the study was approved by the Ethics in Research Committee of the Rio Grande do Norte State University, Brazil, under the protocol number 048/07.

Inclusion criteria were adherence to HAART for at least 6 months, TCD4+levels above 200 mm3, and participation in routine clinical care. After signing consent forms, participants underwent physical evaluation and received education about the importance of complying with the exercise schedules and adherence to treatment, as well as basic information about food.

Adherence to treatment was evaluated by counting the number of pills taken by the patient versus the amount dispensed by the hospital pharmacy and by reviewing patients’ virologic and immunologic parameters (TCD4+and viral load) on the medical records.

Positive responses related to morphologic parameters were considered to determine patient perception of health and lipodystrophy (fat%; body mass index [BMI]; waist-to-hip ratio; lean body mass; central, total, and peripheral fat; weight; and height).

Equations [22] validated for this population were used to estimate fat percentage (%G) and lean body mass (MM). %G was assessed through measurement of subscapular and medial axillary folds in men and suprailiac, abdominal, and medial calf folds in women. MM was measured as 16.012+0.576* (weight) in men and 48.139−0.585* (triceps fold) in women [22].

BMI was calculated by using the formula BMI=weight (kg)/height (m). BMI less than 18.5 was considered underweight and BMI greater than or equal to 25 kg/m2 overweight according to the World Health Organization recommendation [23]. Skinfolds were measured with a plicometer (Lange brand) with accuracy of 1.0 mm.


Estimated fat %

Men: %G=3.385+0.279* (medium axillary+subscapular folds)

Women: %G=−24.323+0.736* (suprailiac+abdominal+medial calf folds)

Source: Florindo et al. (2008).




Estimated lean body mass

Men: MM (kg)=16.012+0.576* (weight)

Women: MM (kg)=48.139−0.585* (triceps folds)

Source: Florindo et al. (2008).



Doubly indirect measurements of subcutaneous fat (GS) were used by calculating the sum of measurements of skinfold thickness expressed in millimeters (mm). Some authors [22] have suggested the following summations for people living with HIV/HIV+according to the type of fat being evaluated:


a. Central subcutaneous fat: the sum of measurements of the thickness of subscapular, average axillary, suprailiac, and abdominal folds

b. Total subcutaneous fat: the sum of measurements of the thickness of biceps, triceps, subscapular, average axillary, suprailiac, abdominal, and medial calf folds

c. Peripheral subcutaneous fat: the sum of measurements of the thickness of biceps, triceps, and medial calf folds



TCD4+profiles were considered bad when less than 350 mm3; regular from 351 mm3 to 500 mm3; very good from 50 mm3 to 750 mm3; and great above 751 mm3.

The range of time since diagnosis was 5–15 years and 16–25 years, with the duration of use of HAART being 5–10 years and 11–15 years, respectively. Data suggest that the life expectancy of patients with HIV is currently the same as healthy people because of access to medicines and adherence [24].

The activities included initial stretching, 20 min of walking and weight lifting exercises (resistance exercises program) subdivided into different stages of training (phases I, II, III, and IV) respectively, according to the criteria defined for the study.

The designated strategy (intervention) began with a routine of eight planned exercises in one series (alternated by segment/3 series×15 repetitions), three times per week, for 4 weeks (adaptation) with 1-foot intervals between series and intensity varying between 65% and 75% of a maximum repetition (1RM) and subsequently for 12 weeks (alternated by segment/3×12) (intervention phase I). Intervention (phase II) consisted of an exercise routine planned in two series (A and B). The series was composed of exercises that involved the chest, dorsal, triceps, and calf muscle groups (A); and leg, shoulder, and biceps (B), three times a week for 12 weeks, alternating between the A and B series.

Phase III applied the exercise routine planned in the series (A and B) during 16 weeks (3 series×10 repetitions), alternating between the A and B series. The series were composed by the same exercising groups from the previous series; however, other exercises were included to change the stimuli and increase intensity. The interval of rest and intensity remained.

During phase IV, the exercises were aimed at dealing with specific features of lipodystrophy during a period of 16 weeks [5,25]. The intensity of the exercise routine could reach up 80% of 15RM, and the exercise routine was developed on the basis of three series (descending pyramid), and the groupings were as follows: (A) chest, triceps, and calf, (B) leg and shoulder, and (C) dorsal and biceps; all training sessions included six exercises for each program once a week. For both phases, intensity was checked weekly using the SRPE adapted for resistance exercises.


The positive results from this study showed that the regular practice of physical exercises produced values of body weight and BMI in the participants appropriate for the different phases of the study.

The loss of central and trunk fat in both genders and decrease in fat percentage among women were the most expressive results after phase I training. Resistance training with moderate intensity (60%) can have a positive influence, particularly on abdominal obesity.

The Median (Md) for MM in men were more expressive in phases I and II of training (pre/Md 51.78; post1/Md 52.80; post 2/Md 53.19); these profiles were maintained in phases III and IV. Although training intensity was increased in the subsequent stages, it was not enough to introduce more expressive results for this variable, pointing to the need to develop other strategies for Resistance Exercise Program (REP).

The increased training intensity showed a reduction in Total Subcutaneous Fat (TSF), which increased after trainings 3 and 4, with decreased Central Subcutaneous Fat (CSF) after phases I, II, and III and increased CSF after phase IV. The Peripheral Subcutaneous Fat (PSF) decreased in all phases (pre/Md 15.45; post1/Md 13.90; post 2/Md 13.80; post 3/Md 13.25; and post 4/Md 13.35).

With regard to these considerations, other researchers have also demonstrated that physical activity is beneficial in slowing the progression of disease and allows increased functional ability and quality of life if the intervention starts early in the course of the disease [26].

The most expressive result in women from phases I to IV was in Waist Hip Ratio (WHR) (pre/Md 0.94; post 1/Md 0.88; post 2/Md 0.85; post 3/Md 0.88; and post 4/Md 0.85) and %G (pre/Md 36.03; post 1/Md 31.25; post 2/Md 27.57; post 3/Md 29.04; and post 4/Md 26.98), where a variation in all phases of REP showed an index of change of 92% and 76%, respectively.

A small variation in MM values was observed during REP. TSF and GSC showed expressive decrease in REP after phases I and II, showing different results after phases III and IV. The indexes for changes in this variable were 82% and 83%, respectively.

The pathophysiology of lipodystrophy syndrome in HIV has not been fully elucidated yet. Therefore, it is difficult to establish the most effective therapy [5]. The lack of consensus on the diagnostic method and the differences in the studied populations are possible reasons why there are variations between studies [27,28].

Figures 28.1 and 28.2 show the positive results for TCD4+during more than 1 year of physical exercises in both genders and during the four phases of PER.

[image: image]
Figure 28.1 TCD4+(PHASE I to PHASE IV)/man.
[image: image]
Figure 28.2 TCD4+(PHASE I to PHASE IV)/woman.
According to these results, REP associated with 100% adherence to HAART enabled the identification of a positive profile with regard to the number of TCD4+at various phases of exercises; improvements were observed when the results from this study were compared with those from other studies [11,29–32]. Thus, it was possible to confirm that PER (phase I to phase IV) did not cause any deleterious effects on immune response and allowed improvement in TCD4+counts (see Figures 28.1 and 28.2).

The TCD4+count is the prognostic marker of AIDS progression and survival of individuals with HIV [33]. TCD4+lymphocytes are responsible for immune memory. TCD4+cells command the defense response of the organism, and HIV engages with these cells with TCD4+markers, enters, replicates, and ultimately destroys them, progressively decreasing the immune response [20,33].

The improvement in the immune system, in general, is one of the benefits of regular exercise in PLWHA because exercise helps maintain TCD4+counts in blood [4].

Regular exercise causes alterations both in innate immunity and adaptive immunity [34]. Epidemiologic studies have suggested that the incidences of bacterial and viral infections and neoplasms are lower in individuals who exercise lower [35–37]. The average exercise intensity is associated with decreased episodes of infection [38].

Some studies have demonstrated that resistance training or a combination of aerobic exercises and resistance training in PLWHA has both positive and negative results [39,40], with clinical deterioration associated with poor treatment adherence [18].

Other studies have highlighted the absence of significant associations among overweight, abdominal obesity, and TCD4+count, both in men and women. Women had a higher prevalence of underweight, overweight, and abdominal obesity compared with men [41].

Our study showed that the emotional and social support experienced during regular meetings for the group activity, provided over a period of years, have a direct association with psychosocial factors. A reduction in the use of psychotropic drugs, increased adherence to treatment (HAART), and social reintegration were some of the benefits observed. Other researchers have suggested that psychosocial factors significantly contribute to variations in the rate of disease progression [42].

In our study, in addition to the benefits highlighted, the lived experience in PLWHA showed that the benefits of exercise go beyond access to an environment that promotes physical activities. The environment was also used for conversations, social gatherings, and planning for leisure activities and it continues to be considered a place of support, with a focus on improved quality of life.
28.3 Final Considerations

The results of our study point to the importance of physical exercises as coadjuvant treatments for PLWHA, which aid in the management of bodily changes and disorders caused by lipodystrophy and low TCD4+levels and provide a satisfactory perception of health and general well-being in the participants.

On the basis of this experience, the intervention policy in the state can be broadened, and the development of a physical exercise program for PLWHA, as described here, could be included in research and extension projects, with the establishment of gyms. Similarly, in Natal, the UERN, in partnership with the State Department of Public Health and PE/DST/AIDS/HV, has also implemented the Health Academy for special groups, which provides the space for physical exercise for PLWHA.

Developing intervention strategies based on physical exercises as treatment coadjuvants for PLWHA is highly relevant for the current needs of this patient population.
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This chapter discusses physical activity and exercise for people living with human immunodeficiency virus (PLWH) and is divided into three sections. In the first section, we present data and concepts related to PLWH and provide an overview of the disease. We also discuss issues related to drug treatment and adverse reactions. In the second section, we address physical activity and exercise, discussing their benefits and contraindications in PLWH. In the third section, we focus on the recommendations of exercise and physical activity for PLWH.
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29.1 Data and Conceptualization of PLWH
Human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) is an important public health problem because of the large number of reported cases, extended life expectancy provided by proper treatment, and the social and economic impacts of the disease and its complications on affected countries. According to the United Nations AIDS (UNAIDS) report, the global estimate for adults and children living with HIV by the end of 2012 was 35.3 million (32.2–38.8 million) [1].

Clinically, HIV infection is a three-phase process, characterized by acute infection, an asymptomatic clinical phase, and chronic infection. The natural history of the disease, dependent on immunosuppression, can be assessed directly by the decrease in lymphocyte subpopulations, specifically CD4+T lymphocytes [2]. CD4+T lymphocytes are the primary target of HIV infection, and their decline correlates with clinical progression of the infection [3,4]. AIDS is the stage of the disease, in which opportunistic infections, neoplastic diseases, or both occur, with symptoms and serious complications. It is the phase in which clinical manifestations of immune failure occur. Although significant advancements have been made in the treatment of AIDS and its complications, it remains a lethal disease [5].
29.1.1 Pharmacologic Treatment
The combination of at least three antiretroviral drugs is referred to as highly active antiretroviral therapy (HAART). The therapy has had an impact on the natural history of HIV infection, resulting in the control of viral load elevation and considerable reduction of AIDS-associated morbidity and mortality [6,7]. Epidemiologically, HIV/AIDS, which was considered an acute disease and was associated with reduced survival, has now become a chronic disease, with a risk of development of noncommunicable diseases, especially cardiovascular disease, in individuals infected by HIV. In addition, HAART has reversed the immunosuppressive effects inherent in the natural history of the disease [8,9].

The main goal of antiretroviral therapy (ART) is to reduce viral replication, thus contributing to reduction in cell destruction, mainly CD4+T lymphocytes. Such treatment allows improvement in patients’ immune condition during a given period and reduces the risk of disease complications, thus affording a better prognosis and quality of life. Current ART consists of the following five classes of drugs: nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (PIs), entry or fusion inhibitors, and integrase inhibitors [10].

However, HAART has certain adverse effects, including metabolic disorders such as insulin resistance (IR) and metabolic syndrome and morphologic alterations such as lipodystrophy; and because of the abnormalities, the risk of cardiovascular disease is increased [11–13]. Abnormal fat distribution, metabolic abnormalities, kidney damage, and bone changes are among the adverse effects attributed to the toxicity of ART such as depletion of mitochondrial DNA caused by HIV infection [14–16].
29.1.2 Adverse Reactions to Antiretroviral Drugs
Antiretroviral drugs can cause some side effects, which are usually temporary. They occur mainly at the beginning of treatment and tend to disappear in a few days or weeks. The most common of these are diarrhea, vomiting, nausea, skin rash, restlessness, and insomnia, all of which cause discomfort and malaise. The most common long-term side effects are changes or illnesses caused by HIV infection or HAART drugs, in addition to individual and genetic factors as well as age and lifestyle habits. The clinical manifestations of adverse effects include severe fatigue, weight loss, cardiomyopathy, hyperlactatemia, altered metabolism of fats, and lactic acidosis, among others [17–22].
29.1.2.1 Lipodystrophy
Body fat abnormalities and changes in lipid and glycemic metabolism are the most common side effects in patients receiving HARRT. These changes have been termed lipodystrophy syndrome (may have other names), which was officially described in 1997 by the US Food and Drug Administration (FDA) [23]. HIV-associated lipodystrophy is a condition characterized by loss of subcutaneous fat (lipoatrophy), central fat accumulation (lipohypertrophy), or both, as well as lipid and glycemic metabolic abnormalities [24–27].

People living with HIV (PLWH) have fat accumulation in the subcutaneous tissue, abdominal viscera, and abdominal and cervical areas (behind the neck, known as dorsal hump deformity), and gynecomastia and breast augmentation are seen in women [13,14,26]. However, muscle atrophy and bone loss occur, with decreased fat in the upper and lower extremities such as arms, legs, face, and buttocks [28]. There is no consensus with regard to the definitions of the different forms of lipoatrophy or lipohypertrophy, and there is no reference test for the diagnosis. For this reason, published studies show large variations in prevalence rates, ranging from 11% to 83% [14,29]. Lipodystrophy-associated factors include gender, age, classes of antiretroviral drugs, and duration of HAART [30].

The pathogenesis of lipodystrophy in PLWH is multifactorial and is still not fully understood. Probably, it results from the interaction between HAART, HIV infection, genetic factors, and the lifestyle of the host individual [31,32]. The scientific literature has established an association between lipodystrophy in PLWH and HAART use, especially when PIs and NRTIs are utilized [27,33]. Although lipodystrophy seems to be more common among patients under drug treatment, some studies have reported cases of PLWH who were not undergoing HAART who had changes in body fat composition [34–36].

The proposed mechanism to explain the pathophysiology of HIV-associated lipodystrophy syndrome includes the mitochondrial dysfunction that causes apoptosis of adipose cells, which explains lipoatrophy and is usually associated with the use of NRTIs; inactivation of adipogenic transcription factors, which increases blood glucose levels and generates insulin resistance (IR) (rather associated with the use of IPs); and the influence of proinflammatory cytokines such as tumor necrosis factor-α (TNF-α) of lipogenesis and lipolysis in body fat [30,37].


Therapeutic options are being used to reduce the changes associated with lipodystrophy. Some treatment options include lifestyle changes (physical activity, smoking cessation, alcohol abstinence, and nutrition counseling); pharmacotherapy; surgical treatment, and delayed initiation of ART, as well as change in the HAART regimen, always taking into account the risk–benefit ratio [38–40].

The changes in body shape and appearance caused by lipodystrophy in PLWH receiving HAART generate negative psychosocial impact such as low self-esteem, social isolation, and depression, which affect their quality of life and may limit their adherence to treatment [41–43].
29.1.2.2 Metabolic Syndrome and Cardiovascular Disease
Metabolic abnormalities in PLWH taking HAART include IR; elevated levels of triglycerides, total cholesterol, and low-density lipoprotein (LDL); reduced levels of high-density lipoprotein (HDL); and hyperglycemia or diabetes. These changes are strongly associated with increased cardiovascular risk in both the general population and in PLWH and are similar to those found in metabolic syndrome. Approximately, one third of PLWH in the United States have metabolic syndrome, which causes a twofold increase in the risk of a cardiovascular event such as myocardial infarction or stroke [44]. Importantly, the association between metabolic syndrome and cardiovascular disease increases the overall mortality rate by approximately 1.5 times and cardiovascular mortality by approximately 2.5 times [45].

In the Frankfurt cohort study, a retrospective analysis of 4,993 PLWH who underwent HAART showed that the incidence of myocardial infarction per 1,000 patient-years increased from 0.86 in 1983–1986 to 3.41 in 1995–1998 after the introduction of HAART [45]. Another study entitled “The Data Collection on Adverse Events of Anti-HIV Drugs (DAD) study group” followed up 23,468 patients, of whom 0.5% had acute myocardial infarction associated with the use of HAART [45,46].
29.1.2.3 Osteoarticular Alterations
29.1.2.3.1 Osteopenia and Osteoporosis
Osteopenia and osteoporosis are metabolic disorders of bone tissue characterized by low bone mineral density (BMD), which compromises its strength. PLWH have a high prevalence of BMD changes. Spine, hip, wrist, and pelvis are the anatomic areas with the highest incidence of pathologic secondary fractures. The main strategy for osteopenia or osteoporosis management is prevention by stimulating physical activity and proper nutrition. Drug treatment consists of calcium and vitamin D supplements, in addition to antiabsorption agents to improve bone density (estrogen, calcitonin, and bisphosphonates) and bone formation stimulators (parathyroid hormone and sodium fluoride) [47–52].

29.1.2.3.2 Osteonecrosis
Reports on aseptic osteonecrosis in PLWH have occurred since 1990, with a trend toward increasing incidence and higher rates than in the general population [50,52]. Physical activity plays an important role during the pre- and postoperative periods. Treatment options vary, depending on the stage of the disease, from percutaneous decompression of the necrotic area to total arthroplasty [53].
29.1.2.3.3 Carpal Tunnel Syndrome
The carpal tunnel syndrome, a compression neuropathy of the median nerve at the wrist, presents an incidence rate of 2.7% among PLWH. In these individuals, the pattern of disease progression is accelerated compared with persons who are not infected by the virus [54,55]. Physical activity is recommended for fitness maintenance which can be achieved with motion physiotherapy. Therapeutic options range from the use of symptomatic medications to decompression of the median nerve [56–58].
29.1.2.3.4 Adhesive Capsulitis
Adhesive capsulitis is mainly associated with PLWH on HAART [54]. It is characterized by decreased volume of synovial fluid and joint capsule retraction, associated with pain, and severely restricted range of motion. Physical activity should be prescribed to prevent progression of the disease to articulation constraint and for symptomatic improvement. Treatment includes medications for symptom relief and arthroscopic capsular release, if necessary.
29.2 Benefits of Physical Activity and Exercise for PLWH
Several studies have suggested that aerobic physical activity is safe and beneficial for adults living with HIV/AIDS. Nevertheless, there is evidence that the rates of sedentary behavior are high among this population [59].

In the early 1980s, it was believed that PLWH should rest and avoid physical activity to conserve energy. The reason was the belief that physical exercise would exacerbate the process of weight loss. Likewise, there was a belief that exercising would reduce the patient’s resistance, thus facilitating immunosuppression and increasing the incidence of opportunistic infections.

The widespread introduction of HAART since 1996 has led to new research showing evidence of the benefits of exercise for those with cardiovascular comorbidities associated with HIV.

29.2.1 Endocrine, Metabolic, and Functional Responses to Exercise in PLWH
Studies have investigated the role of intense exercise and lifelong physical activity in PLWH. Florindo et al. examined the relationship between centripetal fat and leisure time physical activity in PLWH receiving HAART. For that purpose, they focused on physical exercise and sports, as well as on different forms of locomotion such as walking and biking. People who engaged in leisure time physical activity and sports more frequently and used nonmotorized transport modes such as walking or biking had less centripetal fat [60].

The systematic practice of physical exercise in PLWH, with a prescribed training program to improve health-related physical fitness, seems to modify parameters such as maximal oxygen uptake (VO2max), body composition (fat reduction and increased lean body mass), fatigue, strength, and others [61–64], without immunologic impairment [65]. Several studies have described the benefits of regular exercise and physical activity on overall clinical status, functional ability, and physical fitness, as well as on many psychological aspects in PLWH on HAART [66,67]. However, studies often enroll a small number of patients, and methodologic limitations make it impossible to extrapolate the results to clinical practice and to investigate associations.

Exercise has been proposed as a way of managing the various endocrine, metabolic, and functional abnormalities in PLWH on HAART. A pilot study by Roubenoff et al. evaluated 10 men with HIV on HAART who underwent 16 weeks of combined training (a combined strength and aerobic exercise program) and found a significant reduction in total body fat. However, the results are limited because of the small sample size and the lack of a control group [68]. Some studies have suggested that testosterone therapy, alone or in combination with strength training, can increase lean body mass in men with HIV who suffered from hypogonadism [69]. However, the majority of men with HIV have normal testosterone levels [70]. In a randomized clinical trial, Grinspoon et al. [71] observed a significant increase in lean body mass, independently of testosterone use, when PLWH who had wasting syndrome (loss of lean body mass) underwent strength training [71]. In some cases, the use of anabolic steroids along with exercise has been recommended in PLWH, provided that they are prescribed by a physician; however, evidence that this combination is beneficial is lacking.

A study conducted on 40 women with HIV who were on HAART and who underwent combination training showed increasing VO2max and strength compared with baseline levels. However, there were no changes in blood pressure, lipid levels, and abdominal fat after 16 weeks of training [67]. Apparently, there was no exercise load adjustment to training adaptation.


In a randomized clinical trial, Terry et al. tested the effect of aerobic training combined with a low-fat diet on the variables related to hyperlipidemia, body composition, and functional capacity in PLWH with lipodystrophy and dyslipidemia. The subjects were randomized to a group with nutrition counseling only or to a group with nutrition counseling combined with aerobic training. At the end of 12 weeks, an increase in VO2max was observed only in individuals who received nutrition counseling combined with aerobic training, without changes in lipid levels and immunologic profile [62]. The effects of combined aerobic training were also tested in HIV-positive patients with fat redistribution and hyperinsulinemia. The subjects were given metformin alone or metformin and combined training. The results showed that individuals who received metformin and exercise training showed a greater improvement in cardiovascular and biochemical parameters compared with subjects who received metformin alone [72]. Body fat redistribution, IR, and a gradient of inflammatory changes are seen in PLWH with lipodystrophy. Lindegaard et al. evaluated the effect of aerobic and strength training on insulin sensitivity and body fat distribution in PLWH with lipodystrophy. The result of the study showed that both strength training and aerobic training improved peripheral insulin sensitivity, whereas strength training reduced only total body fat in these individuals. The study also showed that individuals in the aerobic training group had reduced levels of total cholesterol, LDL, free fatty acids, ultrasensitive cross-reactive protein, interleukin 6 (IL-6), IL-18, and TNF-α, whereas those who performed strength training had reduced free fatty acids and IL-18, besides reduced triglyceride levels, and increased HDL levels [66].

On the basis of the evidence presented so far, it can be stated that physical exercise has a potential impact on the circulation of anabolic and catabolic factors in PLWH, whether or not they are undergoing HAART. A recent study conducted by Dudgeon et al. evaluated the acute effect of low- and moderate-intensity physical exercise on circulating anabolic and catabolic factors in 15 men with HIV who were on HAART. Individuals who performed moderate-intensity exercise showed an increase in the levels of growth hormone (GH) by up to 135% and a 34% reduction in the cortisol hormone (CORT) levels. The serum IL-6 cytokines and soluble TNF-α receptor II (sTNF-RII) showed a 31% increase in their levels 30 min after the session, and a 13% reduction 60 min after the cessation of the training exercise, respectively. These data suggest an apparent anti-inflammatory effect (characterized by increased levels of IL-6 and decreased levels of sTNF-RII) and proanabolic effect (characterized by decreased levels of CORT and increased levels of GH) after acute moderate-intensity exercise [73]. No significant changes in the CD4+T-lymphocyte levels and viral load in PLWH taking HAART were observed when they underwent moderate- and high-intensity physical exercise [62,65]. Apparently, moderate- or high-intensity physical training does not cause significant changes in the immunologic pattern in PLWH on HAART.

Evidence shows that increasing levels of physical activity and regular exercise may reduce the risk of cardiovascular disease in PLWH and is recommended as a strategy for managing the adverse effects resulting from the HIV infection and its treatment.
29.3 Recommendations for Exercise and Physical Activity Programs for PLWH
Both physical activity and exercise programs for PLWH should take into account health-related physical fitness variables such as muscular strength, muscular endurance, flexibility, cardiorespiratory endurance, and body composition [74].

Doing regular exercise helps promote a set of morphologic and functional adaptations leading to improvement of physical performance. However, prescription of physical exercise and monitoring of training in PLWH should be individualized on the basis of patient fitness level, disease stage, treatment regimen (HAART), and its adverse effects.

Exercise prescription is a complex process because of variables such as age, gender, health status, and fitness level and because of the diverse responses of individuals under different conditions such as climate and altitude. The volume and intensity in strength training should be planned and implemented according to the patient’s adherence to training. The benefits of physical exercise in PLWH are as follows: improved quality of life; improved cardiorespiratory endurance and muscle strength; osteoporosis prevention; control of diabetes, dyslipidemia, and overweight; transitory improvement of the immune system; lower incidence of stress and depression; nutritional status improvement (considering the body mass index as an indicator); and improved body composition and self-image. Contraindications to physical exercise and strength training in this population are as follows: advanced immunodeficiency associated with the presence of opportunistic infections; comorbidities such as uncontrolled hypertension and type II diabetes mellitus; liver disease with severe thrombocytopenia (bleeding risk); high cardiovascular risk; and other clinical situations to be assessed by the patient’s physician [75].

Published studies indicate that both moderate- and high-intensity aerobic exercises seem to pose no risk to PLWH [61,65] and that the physiologic responses to aerobic training have been almost the same as those in HIV-negative individuals [76,77]. An exercise-training program for PLWH must follow the basic principles of sports training and be based on previously analyzed studies. It should consist of moderate-intensity aerobic exercises two to three times per week (50–75% of maximum heart rate), aimed at improving cardiorespiratory capacity and endurance.

The benefits of strength training for PLWH described in some studies include increased muscle mass and strength, improved functional ability, and significant changes in metabolic parameters; these benefits attenuate the changes from lipodystrophy syndrome such as reduction in triglycerides, increase in HDL, and improvement of IR and lipid profile [66,78,79]. The studies analyzed so far have described changes such as increased muscle mass, body fat reduction, and increased strength and functional capacity through strength training three times a week (6–8 exercises with three multiple sets of 8–12 repetitions); the recommendations are based on the fact that the effects of exercise impact multiple aspects, with no significant changes in the immunologic parameters.

Combined training for PLWH involves the combination of aerobic and strength components in the same training session, as this results in improvement of the parameters in a shorter period of training [64,67,80]. Studies have shown that the combined training program should consist of 20–30 min of aerobic exercise combined with 6–8 strength training exercises for upper and lower limbs, in multiple sets of 8–12 repetitions.

Besides preventing lipodystrophy and cardiovascular disease, physical activity and exercise have a direct and beneficial impact on the well-being and self-esteem of PLHWA.
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Major advances have been made over the last 20 years with regard to the medical treatment and care of people living with human immunodeficiency virus (PLWH), but the disease remains an important global health issue. Being a member of an already marginalized group increases both vulnerability to acquiring HIV and compounds the stigmatizing effect of the HIV status. HIV infection remains highly associated with poorer mental health, which, in turn, reduces the ability of individuals to adequately manage their disease. For HIV-positive parents, poorer coping may negatively affect their ability to effectively manage the psychosocial challenges of the complex issues to be addressed within their families. We suggest that HIV status continues to be highly stigmatized and this worsens the already poorer mental health in PLWH, complicates the development of effective coping strategies, and affects adherence to highly active antiretroviral therapy (HAART). We recommend that the issue of HIV-related stigmatization be more actively targeted in psychological interventions and that its associations with disclosures difficulties, medication adherence, and poor coping be elaborated. Finally, in the fourth decade of the HIV era, we need to place the efforts to support mental health firmly alongside effective medical interventions to ensure the best psychological, emotional, and medical quality of life possible for PLWH.
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30.1 Introduction
In the fourth decade of the era of human immunodeficiency virus (HIV) infection, it is evident that not just one worldwide HIV epidemic but several exist. At the end of 2010, an estimated 34 million people were living with HIV globally, including 3.4 million children under the age of 15 years; there were 2.7 million new HIV infections in 2010, including 390,000 among children under the age of 15 years [2]. Many of these children acquired HIV infection vertically, but an increasing number acquired the infection as the result of sexual activity, and this is particularly true of young females.

Globally, although the annual number of people newly infected with HIV continues to decline, there are stark regional variations, and Sub-Saharan Africa remains the worst affected. Rates of transmission in many African countries are still high, and in Sub-Saharan Africa, with the highest number of people newly infected with HIV, an estimated 1.9 million people became infected in 2010. This was 16% fewer than the estimated 2.2 million people newly infected with HIV in 2001 and 27% fewer than the annual number of people newly infected between 1996 and 1998, when the incidence of HIV in Sub-Saharan Africa peaked overall [2].

The feared epidemic in India has, to a large extent, not materialized and is largely confined to vulnerable groups such as sex workers, intravenous drug users, and men who have sex with men. HIV progression in the rest of Asia, apart from China, has remained confined to the aforementioned vulnerable groups, and rates of newly acquired HIV remain relatively low [3]. HIV infection in the Americas, Europe, Australia, and the former countries of the Soviet Union has mostly been confined to vulnerable groups (men who have sex with men [MSM] or gay men and intravenous drug users [IDUs]), and the anticipated spread into the general population has, for the most part, not happened.

The discovery and clinical implementation of highly active anti-retroviral therapy (HAART) in the 1990s has changed the status of HIV infection from that of a death sentence to that of a manageable condition, and there is little doubt that these medications have saved the lives of tens of millions of people worldwide. There are encouraging signs that rates of HIV transmission have slowed among some vulnerable communities because of the effect of HAART on reducing the transmissibility of HIV resulting from decreased viral loads. The rapid expansion and success of HAART roll-out programs in many badly affected Sub-Saharan African countries has been a huge success and a tribute to the commitment of activists, clinicians, and policymakers throughout the world. However, the HIV epidemic remains a significant global health issue, particularly in Sub-Saharan Africa. Although the HIV epidemic in developed countries is statistically small, it is still a significant problem and, unfortunately, has continued to worsen especially among young gay men and immigrants.

Although the facts may suggest that HIV infection is under medical control, this obscures the considerable challenges that people living with HIV (PLWH) continue to face. HIV infection may now be considered to be a long-term condition (LTC) and its management may be akin to the management of other LTCs such as diabetes, but living with HIV presents challenges to individuals and their families over the course of their lives. We have certainly come a long way since the early 1980s in terms of effective management of the disease, and there is a greater level of public knowledge and understanding about the transmission and prevention of HIV infection. However, even after three decades of the HIV epidemic and advances in medical treatment and care, significant social and psychological challenges remain. The data presented above demonstrate that the epidemic is prevalent among various groups of people and that the drivers of infection are quite different. The factors that make IDUs in Eastern Europe susceptible to infection are different from those affecting the young people in Sub-Saharan African countries. However, we propose that some common issues, including being a member of an already marginalized group, mental health issues, and the impact of stigma, increase susceptibility.

Addressing the psychological difficulties of PLWH is important, as the relationship between psychological health and physical health is well established. In the context of HIV infection, studies have shown that an individual with HIV and concurrent poor mental health also experiences poorer physical health [4]; depression has also been shown to be a major barrier to HIV medication adherence, although the relationship is a complex one [5]. The presence of depression, in particular, is associated with worse outcomes in persons with HIV [6].

PLWH continue to experience stigmatization, and the phenomenon plays an important role in the emergence and maintenance of mental health problems that may, in turn, have an impact on effective coping with the disease, seeking appropriate help, and effective adherence to HAART. The individual’s ability to cope with the effects of stigmatization may be affected by factors such as age, the quality of social support, and pre-existing or concurrent mental health issues. In the case of young PLWH, their experiences of how their HIV status is dealt with in the family and their observation of how adults cope with the disease provide a framework to develop their own responses to the disease.

In this chapter, we will explore some of the psychological and psychosocial challenges of living with HIV infection now that we are in the fourth decade of the epidemic. We will look at some of the psychological challenges facing PLWH from a lifespan perspective, as the challenges change over the course of the social, psychological, and emotional development of the individual. We will consider the individual living with HIV within a relational context and will explore how the infection affects family relationships and may impair how individuals and families address important HIV-related issues.

We will also explore the types and aims of the psychological interventions undertaken to address these issues within clinical practice and will emphasize that interventions require an understanding of social contexts, as individual meanings of HIV infection and the effectiveness of the coping strategies used are negotiated within a social framework. However, we will suggest that responses to HIV infection, both for individuals and families affected by the disease, are mediated through an experience of stigmatization.
30.2 HIV and Stigmatization
From the outset of the emergence of HIV infection, it has been associated with considerable social, political, and psychological challenges for the individuals affected. Human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) was associated with groups of people already stigmatized by society. Goffman’s seminal work on health-related stigmatization, defined stigma as an “an attribute that is deeply discrediting” (p. 13), creating what he termed a “spoiled identity” for individuals who are stigmatized. Societies and communities cope with threatening differences by labelling them as undesirable and then attributing these differences to individuals and groups [7]. Parker and Aggleton [8] further argued that stigmatization is a social process that is constantly changing and that it is fundamentally underpinned by social, economic, and political powers. Stigmatization enhances and reinforces social inequalities and serves to marginalize individuals or groups of people who are identified as different and undesirable. Stigmatization thus oppresses, excluding “undesirable others” from full inclusion in communities and societies (the case study below illustrates the effects of stigmatization on responses to HIV infection).

HIV-related stigmatization becomes a layered experience for many [9]. HIV infection has been associated with “immoral” sexual behaviors or drug-using behaviors, and in many countries, HIV infection is more prevalent in certain groups of “undesirable” people (e.g., gay men, drug users, sex workers) who already have behaviors, traits, and identities that are already stigmatized.

The interaction of personal characteristics which are already stigmatized (e.g., drug use, sexual orientation) and HIV infection provides a context in which the importance of individual characteristics become blurred and stigmatization, for the people who possess these characteristics, is experienced at many levels.

Susan Sontag, writing about the metaphors associated with HIV/AIDS in Europe and North America, observed how the disease was associated with notions of morality, sin, and punishment [10]. During the emerging epidemic, before HIV was identified, the disease was first referred to as the “gay cancer” and later, Gay-Related Immune Deficiency Syndrome. It was interpreted by many as a “gay plague”; as punishment for the immorality of “gays” as well as other marginalized groups, including prostitutes and drug addicts. Although some may still think of HIV infection as a “gay disease,” it has gradually come to be decoupled from the image of the “gay AIDS patient.” However, with the exponential growth of the HIV epidemic in the poorer regions of the world, particularly Sub-Saharan Africa, HIV infection has come to be considered an “African disease.” The socioeconomic conditions in Sub-Saharan Africa played an important role in the creation of the context in which HIV thrived. Although HIV infection cannot be described as a “disease of poverty” because of the complex interactions of the socioeconomic factors that underpin the epidemic, it is clear that factors such as gender inequality, early onset of sexual behavior, and poor educational attainment have contributed to higher HIV infection rates [11].


The factors mentioned above emphasize Swendeman’s suggestion that HIV-related stigmatization is a layered experience and that being poorer, less equal, less educated, or a member of an already marginalized group probably both increases susceptibility to HIV infection and, once infected, makes effective coping with the disease more complex. By labelling people with HIV as undesirable, and especially if they already belong to marginalized groups, people who are uninfected create a sense of safety from disease because they are unlike the individuals and groups with HIV. This process is necessary to the sense of security for the majority or the uninfected population and serves to ensure that the identified groups carry the burden of the marginalized status.

However, it has been difficult to measure the direct impact of stigmatization on the HIV epidemic [12] because stigmatization operates at multiple levels—individual as well as organizational and societal levels—which, in turn, is affected by different cultural or national settings. Much of the research on the prevention of HIV-related stigmatization has focused on changing negative attitudes toward PLWH, as well as the perceptions of HIV-positive adults with regard to stigmatization and how this impacts on their psychological and physical well-being. Most interventions have sought to change stigmatizing attitudes through mass media campaigns, education about HIV transmission, and the introduction of antidiscrimination laws. However, research suggests that the attitude of HIV-related stigmatization is highly resistant to change [13].

HIV infection has some features in common with other LTCs such as diabetes, heart disease, or arthritis. When first diagnosed with such a condition, many people feel that they have been targeted unfairly to be handed something that is at best burdensome and at worst a punishment. Feeling punished may be based on an assessment of previous behaviors, for example, eating unhealthily and putting on weight as a result, not exercising, or engaging in some other behavior that, in hindsight, is seen as reckless. The individual’s assessment that he or she has somehow, albeit unwittingly, caused their problem to occur makes the process of adjustment harder.

There may be a preoccupation with the past and what has been lost forever (health, independence, and a sense of being carefree) and an unwelcome realization that life has become more complex (physician appointments, frequent checkups, and concerns about medication side effects and interactions) and that life may be more restricted than previously. Many LTCs also have other issues in common with HIV infection: Effective lifelong adherence to medication is difficult to achieve for many reasons, as taking medication is influenced by the degree of acceptance of the underlying condition; is dependent on the individual’s belief in the necessity and effectiveness of the medication; mood-related factors; and the support of others to provide reminders to take medication.


Finally, the social meaning of the condition affects individual adjustment; the more negative the social meaning of the condition, the harder it is for individuals to adjust to the extent that they are both able to manage their health status and are able to appropriately seek support, both medical and social, to do so. Although individual reactions and responses to HIV infection have many features in common with other diseases and conditions, we suggest that the presence of negative social meanings of HIV infection makes it uniquely difficult for individuals to respond to the disease.

We contend that stigmatization underpins most of the poor adjustment to the diagnosis of HIV infection. Repeated and unchallenged exposure to stigmatization mitigates against the development of coping strategies that facilitate effective engagement with therapy and the health care system, as well as positive psychological adjustment to the diagnosis, which underpins the maintenance of self-esteem and the ability to discuss the diagnosis with others.

There is increasing evidence that HIV-related stigmatization has complex and mostly negative effects on PLWH and may be a barrier to accessing HIV care, affect individual capacity to cope effectively, result in poorer social support, have a negative impact on adherence to HAART [14,15], and result in poorer mental health in PLWH [16]. Belief that the HIV infection is a punishment has been found to be associated with poorer mental health and poorer psychological well-being [17].

Skinta et al. and Cochran and Mays argued that a significant factor in HIV-related stigmatization of men who have sex with men is “sexual minority stress” [18,19]. This is a term that has been used to describe the psychological stress that may be experienced by individuals who are in a sexual minority group (e.g., a gay man or lesbian women in a predominantly heterosexual community). Sexual minority stress involves four interrelated components: discrimination, expected stigma, internalized stigma (such as internalized homophobia), and concealment of one’s sexual identity [20,21]. This is related to the notion of layered stigmatization discussed earlier. Sexual minority stress impacts on the mental health and well-being of HIV-positive gay men, which, in turn, impacts on their health outcomes. For example, sexual minority stress among gay men has been associated with higher levels of social isolation, poorer rates of condom use, and poorer adherence to medication [19].

A further central concern for many PLWH is the damage to their sexual identity and sex lives. For example, in a survey study of 1,777 gay and bisexual men living with HIV, Bourne et al. [22] the following areas of concern were reported: loss of libido (44%), poor self-image (43.9%), worries about infecting partners (37.3%), and fears of rejection by sexual partners (34.7%). Many participants in the study made requests for interventions to increase self-esteem and self-confidence to achieve a more satisfying sex life.


In a qualitative study involving interviews with gay men living with HIV in San Francisco, Skinta et al. found that “the distress associated with HIV was most often related to relationships within the gay male community, the search for friends or lovers, and the salience of serosorting as a social practice that perpetuates a message that HIV makes one different and sets one apart from acceptable social belonging” (p. 592) [18]. In relation to the wider social exclusion experienced by many sexual minorities, this double-layered stigmatization has a damaging effect on mental health and well-being. This is evident in research findings that show that HIV-positive men are more likely to have higher rates of mental health problems compared with HIV-negative men [23]. Among HIV-positive gay men living outside the metropolitan areas that have the relative support of a “gay community,” the likelihood of experiencing depression and social isolation is far greater [24].

In spite of the considerable attention and investment to address the medical and behavioral aspects of HIV prevention, the prevention of stigmatization has not been, for the most part, as much a priority. Although there is some evidence that psychosocial interventions may reduce stigmatizing attitudes and behaviors toward PLWH surprisingly little is known about the efficacy of such interventions in demonstrating a public health benefit (e.g., increasing access to testing and treatment, improved mental and physical health outcomes, or increased social support for people living with HIV/AIDS [PLWHA]) [12]. Psychological interventions to address or counter the negative effects of stigmatization among PLWH are even rarer. Harding et al. [25] point to the effectiveness of psychological interventions (particularly those based on cognitive behavior therapy [CBT]) for the treatment of HIV-related mood disorders. There is less evidence for the effectiveness of psychological interventions to improve coping with the infection but, as Harding et al. commented, there is no universal consensus on the definition of what constitutes effective coping with HIV infection. However, there are few, if any, reported published studies that address the social and psychological effects of stigmatization experienced by PLWH. This seems to be a major gap in the provision of psychological therapies, which, we argue, is something that should be provided as an integral part of any psychological intervention.

We propose that psychological and psychosocial interventions for PLWH should always include strategies that facilitate identification of the impact of HIV-related stigmatization in the individual’s life, how stigmatization may contribute to his or her current difficulty (e.g., depression, adherence difficulty, disclosure concern), and practical ways in which the effects might be addressed. These may include seeking support from other PLWH, using CBT principles to cope with distressing thoughts and behaviors and increase tolerance to stress and anxiety.



Case Study—Mr. B; A Psychotherapist’s Perspective

Mr. B was referred to me by a community HIV charity after he presented himself at their office in central London in a state of distress. I saw him on a regular basis over several years. Mr. B is a Shia Muslim man, who had been diagnosed with HIV in 2002 while he was working outside his own country in the Middle East. He was totally unprepared to receive his diagnosis, which meant that he would be deported from the country he was working in.

He left the country where he was working and went back to his homeland, where he remained isolated and unable to share this information with anyone due to fear of being stigmatized as a gay man. He was “queerbashed” by members of his own family, which resulted in his hospitalization. As a result of his sexual orientation and his (secret) HIV status, he fled his homeland and sought asylum in the United Kingdom. Initially, he lived in fear of returning to his home country, as he could see no future for himself within his family or society due to both his sexual orientation and his HIV-positive diagnosis.

Within many Islamic societies, men have a clearly established identity within the family only after they marry and add children to the family. Mr. B suffered from depression and severe anxiety, and this was due, in part, to the mental conflicts he experienced between his sexual identity and his religious and social background.

He was aware that one of the leading Muslim clerics had stated that homosexuality deserves the death penalty. This attitude implies that a homosexual person loses his or her humanity and is considered a contemptuous creature that has to be put out of its misery. This forces gay people to live in a shadow zone, where they are at risk of assault, blackmail, and murder.

Mr. B’s HIV diagnosis added a layer of complexity to his situation, as it would further isolate him because of people’s idea that this is God’s punishment for unnatural acts. Mr. B feared being forced to return to his home country and said he would prefer to die rather than do that. On one occasion, Mr. B phoned me in a state of extreme distress, as two major events had occurred over a weekend. His gay partner had told him that their relationship was over, and two days later Mr. B’s older brother had phoned him and subjected him to verbal abuse, as the family had found out that he was both gay and HIV-positive. His brother told him that he deserved to die by “Khazok,” which Mr. B explained was an Ottoman torture whereby a wooden or metal post was inserted into the anus causing massive injuries and death.

I saw Mr. B the following day. He was very distressed, angry, frightened, and full of self-loathing. He felt that the breakdown of his relationship was inevitable and a punishment for his un-Islamic lifestyle. He was terrified now that his family was aware of both his sexual orientation and HIV diagnosis, and he felt he had a duty to repair the (perceived) damage he had done to the honor of his family. This attitude caused me great concern, as I am aware that death (being killed or dying for a noble cause) is seen by some Muslims as a way of restoring family honor. Mr. B was a very vulnerable man, who presented as a suicide risk. When he became depressed and full of despair, he started to have a suicidal ideation. He was very aware, on the basis of his previous experience as a gay man in his home country, that if he is returned there, his life would end.

Over the past years of living in the United Kingdom, where he could meet men for friendship and intimacy, he had positive experiences and he had started to feel that it was possible to be a man, gay, Muslim, and content. His sense of identity, however, was fragile, but the acceptance of his asylum request had greatly helped strengthen it. Getting British citizenship had helped him feel more secure and safe in his new home and new identity. He got a job in a company that took into consideration his previous qualifications and sponsored him to take a university conversion course, which gave him a recognized professional qualification in the United Kingdom. Today, he is a productive working member of the society, and he is, mostly, at peace with his sexual orientation, his religious faith, and his HIV status, which is well controlled and only a small part of his life. In much of the work I have done with people living with HIV, the HIV infection itself has not been the problem. Often, a HIV diagnosis can trigger painful events and memories in a person, and coping strategies learned as a child can prove woefully inadequate in dealing with a life-changing diagnosis in adulthood. In counseling, I have tried to provide a safe, reflective space where painful issues can be contemplated and talked about and hopefully either changed or accepted so that patients are less anguished and more content in their lives.



30.3 HIV and Mental Health
There are complex interactions between poor mental health and HIV infection. From the start of the epidemic, mental health problems have been associated with HIV infection. It was recognized that receiving a diagnosis was psychologically traumatic, as the consequences of having HIV included years of worsening health and possible family rejection, AIDS-related dementia, and an agonizing death. Understandably, poor mental health was strongly associated with this dreadful context, and the presence of highly distressing mental health problems made a difficult situation even worse.

Over the years, we have come to understand that pre-existing psychological issues (e.g., mood disorders, experiences of trauma, childhood sexual abuse, and drug or alcohol difficulties) may predispose individuals to acquiring HIV through the impact of these issues on factors that affect behaviors, thus increasing HIV vulnerability (e.g., increased alcohol and drug use, higher numbers of sexual partners, inconsistent use of condoms), see Ref. [16] for a systematic review of the literature. There is relatively strong evidence that once HIV infection has been acquired, prevalence of mood disorders is higher than in the general population [16,26,27], and recent reviews of the international literature suggest that HIV-positive individuals have higher rates of depression, anxiety, and suicidal ideation compared with HIV-negative individuals [25,27,28]. The interaction of poor mental health, HIV symptom burden, and HIV-associated pain may, in turn, increase risky sexual behaviors, negatively affect adherence to ART, increase both the frequency of medication change and viral load, and reduce quality of life [5,29–33].

Depression is reported to be the most commonly reported mental health difficulty among PLWH [27,34,35], but high rates of anxiety disorders are also reported [36]. Depression is associated with poorer medical outcomes, including more symptomatology, higher viral load, and earlier mortality [16,27]. Since the introduction of HAART, the focus of mental health problems associated with HIV infection in developed countries has shifted from fear of premature death to difficulties associated with living with a chronic illness, typically depression and anxiety associated with managing a lifelong condition [37]. There is a high prevalence of substance abuse and psychiatric disorders among individuals with HIV, and abuse of drugs and alcohol is frequently a comorbid condition with depression, anxiety, and severe mental illness. Not only do these disorders increase the risk of contracting HIV infection, they have also been associated with decreased HAART utilization, adherence to treatment, and viral suppression [38]. The case study presented below illustrates some of these complex issues in individuals with HIV.



Case Study—Ms. A: A Psychotherapist’s Perspective

Ms. A comes from a difficult background. She is a Zambian, who moved with her mother to Zimbabwe at the age of 7 years. Her mother died when she was 9 years old (probably of AIDS), and then she was looked after by her aunt and uncle. She was physically abused and raped within this household and ran away to live on the streets of Harare at the age of 14. She became pregnant as the result of a sexual assault and had a child, whom she gave up for adoption. She arrived in the United Kingdom alone at the age of 15 years, and subsequently, in 2003, she tested positive for HIV in London. She was placed in the care of Social Services, as she was a minor. She applied for refugee status but was advised that a final legal decision might take many years.

Ms. A was referred for psychological treatment at the age of 18 and saw a specialist psychotherapist. Ms. A told the therapist that she was drinking a lot of alcohol to improve her mood, but she was also aware that when she drank in company, her judgment was impaired and she was less able to take care of herself—physically, emotionally, and sexually. The focus of the psychotherapy was to establish a safe and trusting environment, where the issues of sexual and emotional abuse could be explored in a sensitive and healing way to address the traumatic events and the associated feelings. Besides trying to deal with these traumatic events from her past, Ms. A has had to contend with ongoing difficulties in her life in London (loneliness, insecure legal status, poor social support, and poor educational achievement).

A week before her 21st birthday, Social Services informed Ms. A that the following week they would cease to support her as she was coming of age. The resulting crisis took 2 months to resolve and further traumatized Ms. A, and this meant that the sessions with the psychotherapist were dealing with this immediate issue rather than the abuse and trauma of her earlier years. A few months later, she was attacked in her home by a man who attempted to sexually assault her. This traumatized her even more, but after reporting it to the police, she began to deal with it. Four months later, she was attacked for the second time at a local metro station in London. This attack happened in the early afternoon, and her attacker punched her, threw her to the ground, and kicked her viciously. The attacker had escaped before the police arrived. This second attack traumatized her severely, and for a number of months, she found it hard to leave her flat. Ms. A was admitted to an Acute Psychiatric Unit 2 months later, having taken an overdose of various medications. She was put under the care of a psychiatrist as a result of that inpatient stay.

Ms. A attended her sessions on a regular basis and established a relationship of trust with the psychotherapist. Establishing a safe environment where issues of sexual and emotional abuse can be raised and addressed is a time-consuming and delicate process. Her appeal for asylum was initially rejected, and one reason given by the judge was that “it is not considered credible that the appellant should have been raped so regularly as a child on a weekly basis over a period.” Family rapists are well versed in the manipulation of the targeted victim and in power play, which reduces the young person to a pliable victim. Another common dynamic in family abuse is that sometimes when the victim tells an adult family member, she may not be believed. When this happens, the abuse may get worse, and the adult member may behave as if the abuse is the child’s responsibility. In the case of Ms. A, the judge further stated that she was “giving inconsistent evidence.”

Over the years I worked with Ms. A, I found her to be consistent in her emotional response to the story she told. When we touched upon her family situation and the loss of her mother, the rape and abuse by her uncle, and the loss of her child, she regressed into an emotional state of shock and distress and struggled with words. During her therapy, Ms. A was aware that her alcohol consumption was unhealthily high but also stated that it made her feel better, at least while she was drinking. During the years I worked with Ms. A she demonstrated remarkable resilience. She sought to improve her education and took various courses that were available to her as an asylum seeker. She entered into a relationship with a man who cares for her and is understanding of her background. In the last 3 years, she has found her daughter through Facebook and visited her in Africa, and her teenage daughter has arrived here in the United Kingdom after the Home Office accepted (after DNA tests) the familial relationship.



However, much of this evidence comes from studies in the developed world (often in gay men and refugees), and there is less evidence about the association between HIV infection and mental health issues in PLWH in resource-poor countries. Fewer studies are reported in the literature on the psychological impact of HIV in PLWH in poorer countries compared with reports on those in the developed world, and the available evidence points to a similarly complex picture.

Pence et al. [39] reported in a study of PLWH in Tanzania that 25% of the 59 study participants reported sexual abuse, nearly all respondents had experienced a life-threatening illness other than HIV/AIDS, and approximately 75% had experienced the death of a close relative or friend or witnessed a violent death. The study also reported that in comparison with a matched American sample, the African participants reported greater mental health symptomatology and poorer health status. Poorer mental health scores were consistently associated with poorer physical health.

A South African study of individuals with a new HIV diagnosis found high levels of mental illness, as 56% had at least one psychiatric disorder—most commonly depression (35%) and post-traumatic stress disorder (15%) [40]. Sebit et al. [41] reported that 71.3% of HIV-positive individuals in a study conducted in Zimbabwe had experienced psychiatric disorders in addition to having a higher prevalence of alcohol use or misuse. A study in Nigeria found that 59% of HIV-positive individuals participating in the study had a comorbid psychiatric disorder [42], and prevalence was significantly higher than that identified among similar non-infected individuals (19%). The presence of a psychiatric disorder was associated with less social support and more rapid disease progression. A Chinese study presented evidence of high rates of major depression and suicidal ideation among PLHIV [43]. Despite this, few had sought mental health assistance. This study raised a number of important issues; first, mental health awareness of mental health among PLWH might be poor, and this needs to be addressed. Second, access to effective treatments in resource-poor contexts might be difficult or non-existent. Finally, the impact of stigmatization may prevent PLWH with mental health problems from seeking help, as it involves disclosure of their HIV status.

There is wide variation in the literature in terms of the mental health assessment instruments used, sampling and sample sizes, study design, and timing of assessment in relation to receiving the HIV diagnosis, all of which have probably influenced the reported prevalence rate of mental illness. Many of these studies focused on specialized populations, in whom factors such as poverty, trauma, and experiences of violence might contribute to depressive and anxiety symptoms [44]. However, despite these methodological differences, the results suggest that increased psychological distress (especially depression) among PLWH is very common.

Harding et al. [25], in a systematic review of the effectiveness of psychological interventions for mood disorders, has suggested that psychological therapies, and particularly those based on CBT, are effective in improving mood and reducing the level of depressive symptomatology. However, access to effective psychological interventions is, at best, patchy and at worst non-existent. Particularly for PLWH in resource-poor countries, the burden of living with an untreated mental health condition may significantly reduce quality of life and contribute to poorer health outcomes.
30.4 Coping with HIV over the Lifespan
Although effective medical management of the disease is essential, it does not prepare PLWH for the emotional, psychological, and social challenges they face, and many of the psychological issues that now present for treatment are related to the challenges of living with HIV for the rest of one’s life. These issues include lifelong adherence to HAART; disclosure of HIV status to sexual partners, family, friends, and children; seeking emotional and psychological support from friends, family, and health care professionals to maintain good mental health, and coping with the personal experiences of HIV-related stigmatization, which seems to be the lot of all PLWH.

Globally, the majority of PLWH are heterosexual, and many are parents. As such, HIV infection in regions such as Sub-Saharan Africa is increasingly considered a family disease [45]. The family is the usual and probably best context for childrearing, but it is also the intersection of adult infection, adult illness, and child well-being. Ideally, families provide safe, nurturing, and loving environments that children can grow and thrive in, but children may be negatively affected by such factors as inadequate adherence to medication (either parent or child) and the general negative effects of HIV-related stigmatization [46,47]. Most children and young PLWH acquire the infection vertically, and the intergenerational effects of HIV infection may disrupt many of the usual patterns of being part of a community, childrearing, and support seeking.

Individual parental characteristics such as higher levels of psychological distress, depression, social isolation, and family stress also have negative effects on the parents’ ability to effectively manage family relationships and children’s adherence to HAART and may result in poorer medical outcomes such as increased frequency of episodes of ill-health or mortality [48,49]. Parental psychological distress may also have an impact on their children’s psychological functioning. For example, Smith-Fawzi et al. [50] pointed to high levels of depressive symptoms in HIV-positive parents in Haiti, which was associated with a twofold increase in the risk of symptoms of anxiety, depression, anger, and loss of concentration in their children (with or without HIV) [50].

There are several factors that may have a negative effect on the coping capacity of parents, and these may include medical concerns (e.g., more than one HIV-positive member of the family, side effects to antiretroviral medications, balancing caring for children while coping with chronic illness); psychological or emotional issues (e.g., acceptance of personal HIV status, adherence to treatment, disclosure of HIV status); legal and social issues (e.g., immigration status, poverty, language and cultural differences, social exclusion); racism; HIV-related stigmatization; and discrimination [51–53].

Steele et al. suggested that in comparison with uninfected children, HIV-positive children and their families are exposed to HIV-related stressors, which include, for example, HIV-related stigmatization, difficulties and dilemmas about HIV status disclosure, lifelong adherence to medication, parental physical and mental health issues, HIV-related bereavement, and educational concerns [54–56]. These factors may disrupt the family’s social support system in different ways: Adults may be less able to provide appropriate and consistent support to their children, and the family as a unit may be prevented from seeking, or may be reluctant to seek, support from the wider family network.
30.4.1 HIV-Positive Young People
The prevalence of emotional and behavioral difficulties in HIV-positive children and younger children is higher (~14%) than in their noninfected peers [57], and younger children have been reported to have more difficulties with psychological adjustment to their status compared with older children [58]. The extent to which other factors such as poor parental or family coping, bereavement, immigration status, and parental ill health play a role in these difficulties is not clear.

The number of young PLWH who have acquired it either vertically or horizontally is growing. Adolescence is a time of rapid change in emotional, psychological, behavioral, and social development, but HIV-positive young people are an underresearched group with regard to the psychosocial impact of the disease [59], and Foster et al. [60] pointed out that little is known about adherence to antiretroviral medications among HIV-positive adolescents [60]. The lack of evidence about the ways in which young PLWH are helped to cope with and manage their disease is worrying. These young people will grow up to be HIV-positive adults, who will have to not only manage their disease but also acquire the necessary skills to manage the complexities of adult sexual and social relationships. Many will go on to have children of their own and will be faced with fresh challenges about HIV status disclosure. The presence of mental health issues and the negative impact of stigmatization may complicate these challenges.

Little is known about the psychological and emotional impact of parental death (often HIV-related), which is a common occurrence in this group [45,57,60]. The international literature provides some evidence that parental death due to HIV may have negative effects on children. In a qualitative study of a cohort of bereaved children and young people in South Africa, Cluver et al. [61] reported that the death of a parent was an important factor in the development of emotional and behavioral problems in children whose parents died from HIV/AIDS compared with children whose parents died of other causes. A recent study conducted in China also reported children who lost their parents to HIV/AIDS had poorer psychological adjustment compared with children whose parents died of other causes [62].

The multiplicity and complexity of these factors may have a negative impact on all members of the family and their ability to effectively respond to changes in physical and mental health status and to other life events [54]. These factors often interact with social issues such as poverty, which are more likely to affect families with PLWH [63]. These factors present challenges to providing HIV clinical care to families.
30.4.2 Disclosure Issues
The issue of disclosure of HIV status in social and sexual relationships is one which PLWH often struggle with [64]. The fear of stigmatization and discrimination is highly related to disclosure patterns [65]. Although the manner of disclosure differs from country to country, generally, it seems that disclosure to romantic or sexual partners is more common compared with disclosure to friends. Disclosure to family is associated with higher levels of fear of rejection and the desire to protect them from distressing news, and more fear of rejection [66,67].

The issue of disclosure is more complicated for HIV-positive parents, as there are at least two people in the family who are HIV-positive (i.e., parent and child), and there are often other members who may also be HIV-positive (other siblings, the other parent, and members of the wider family network). Parents may feel ill equipped to discuss this situation with their children, and many parents fear that their children will be psychologically damaged by the disclosure of the HIV status and may be subjected to HIV-related stigmatization [68,69]. Parents may also fear that their children may unintentionally disclose the diagnosis to others, with potentially negative social consequences [53,70].

However, maintaining secrecy is associated with poorer mental health and social support and may also have a negative impact on family coping. Keeping the diagnosis secret may result in parents feeling unable to adequately address new HIV-related challenges for other HIV-positive members of the family (e.g., adolescent sexuality issues, medication and adherence concerns, transition planning), which require sharing of status and which may require different or new coping mechanisms [53]. Families affected by HIV infection may also have higher rates of engagement with social services and child protection proceedings [71], and socioeconomic deprivation, stigmatization, and social isolation have been reported to have negative effects on the caregivers’ ability to manage family relationships and children’s adherence to medication [72]. These factors may contribute to, and reflect, greater risk of psychological distress, social burden, and social isolation [54].
30.4.3 Family-Focused Psychological Interventions
Psychological interventions for PLWH have tended to target primarily the individual rather than the family [25,52,73], but the issues raised above require us to consider and develop more effective psychological interventions that include these concerns of parents and families.

With regard to specific family-focused interventions, stabilization of women’s health, in particular, appears to improve their children’s emotional functioning [74], and family-focused psychosocial interventions have been demonstrated to assist parents in making decisions about disclosure of HIV status, and planning for the children’s long-term adjustment to HIV infection [75] and development of skills to cope with HIV infection [76].

Interventions aimed at helping caregivers cope with the challenges of living with HIV have been shown to facilitate the psychological and emotional adjustment of those children affected by their mother’s HIV status [51]. Group-based CBT or psychoeducational interventions have been demonstrated to be effective in enhancing mood and coping behaviors and reducing negative affect in HIV-positive adults [77] and in increasing confidence among HIV-positive parents to tackle difficult family issues [71].
30.5 Concluding Comments
Mental health difficulties predispose individuals to acquiring HIV infection. Once the infection has been acquired, PLWH are more likely to develop mental health problems that decrease the capacity to cope with the infection and disrupt help-seeking behaviors, and this may contribute to increased morbidity and mortality. The interactions among these factors are complex, and individuals may be more or less vulnerable over their lifespan, depending on the challenges they face. Life stresses enhance vulnerability but good social support and early identification and treatment of mental health difficulties reduce their impact on PLWH and their families.

However, many HIV treatment and care programs do not adequately take into account the complexity of coping with the disease and the attendant mental health issues and probably underestimate both the prevalence and the impact on how individuals manage their own disease and that of others (in the case of parents of HIV-positive children and young people). HIV treatment programs have rightly emphasized the importance of access to HAART, but a significant amount of evidence points to the importance of maintaining good mental health.

In this chapter, we have emphasized our contention that many of the mental health difficulties associated with HIV infection are underpinned by the experience of HIV-related stigmatization. Although poor coping with HIV (poor adherence to HAART, inadequate engagement with health care, and nondisclosure of status to sexual partners) might not be evidence of mental health difficulties per se, these issues may provide the context in which mental health difficulties are more likely to emerge. In any event, stigmatization is pervasive and negative, and unless PLWH are able to identify its impact on their lives, it might be difficult to disentangle the lived impact of stigmatization from other issues (e.g., nondisclosure of status, poor adherence to HAART). Psychological interventions for mental health problems have tended to be focused on the individual, and although this is, no doubt, beneficial for the particular individuals (see Ref. [27] for a systematic review of the effectiveness of psychological interventions for depression), there is little evidence from the literature that these interventions have fully addressed the impact of stigmatization and how these experiences shape and perhaps create emotional and psychological difficulties. Such issues may become apparent in the course of treatment to individual therapists and their clients, but standard psychological interventions for depression, anxiety, and so on in PLWH, do not routinely address stigmatization as a core part for therapy. We recommend that an exploration of the individual meanings and impact of stigmatization be placed at the heart of any psychological intervention for PLWH.

With HIV infection now considered a chronic illness, PLWH receiving HAART live longer and healthier lives but may require support with regard to their long-term psychosocial needs and for maintaining safe sexual behaviors. HIV infection may present many challenges to maintaining good health, but other challenges emerge at different times of life. The psychosocial issues faced by children are very different from those faced by adolescents, and as adolescents grow into adulthood, their psychosocial challenges differ from those of their parents with HIV. Standard psychosocial and psychological interventions are not adequately cognizant of the fact that HIV infection needs to be considered within the framework of a lifespan, which acknowledges that different emotional, psychological, and psychosocial challenges have to be faced at different stages of a person’s lifespan.

Our understanding of the psychosocial challenges of PLWH has not been effectively translated into the ways in which HIV treatment and care are delivered in the developed world, let alone in resource-poor countries and settings. As we enter the fourth decade of the epidemic, it is time that we ensure that our knowledge of the challenges and the effectiveness of the interventions to address the challenges are built into health care programs.

There has been some progress in the acknowledgement that mental health needs of PLWH should be an essential component of HIV treatment and care. For example, in the United Kingdom, the British Psychological Society, the British HIV Association, and the Medical Foundation for AIDS and Sexual Health have recently published the Standards for Psychological Support for Adults Living with HIV (2011) [78]. These standards highlight the importance of identifying the psychological difficulties experienced by PLWH and providing interventions to promote mental health and well-being.

However, this comes at a time of increased austerity and cuts in public health expenditure. In the United Kingdom, there is an increasing trend toward downsizing specialized HIV care by shifting the care of PLWH to the primary care level. This has been critiqued as offering less specialized and inadequate care to deal with the complex needs of PLWH [79]. One of the challenges for providing effective treatment and care, taking due cognizance of the importance of addressing mental health problems, is that many symptoms of depression (one of the most common mental health problems) may resemble those of chronic HIV infection, for example, fatigue, impaired concentration, and sleep disturbance. Thus, the presence of depression may not be recognized by health care workers and general practitioners who may not be specially trained to detect mental health issues.

The HIV epidemic remains one of the leading health crises globally, its psychological as well as social impact continues to be particularly felt in terms of the ongoing stigmatization.
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In Uganda, one of the strategic actions to accelerate the prevention of sexual transmission of human immunodeficiency virus (HIV) infections is to utilize religious institutions for delivery of HIV prevention messages. A study was done to examine how Ugandan Muslim and Christian communities understand the concept of religiosity and its role in the prevention of HIV transmission. This was a qualitative study using key informant interviews. These defined religiosity as good behavior in accordance with God’s guidelines. It was considered to be of great importance in prevention of HIV infection. One way in which it works is that it creates a sense that God is watching everyone, wherever they may be, including private places where sexual activities usually take place. It also creates a sense of shame when people indulge in sexual activities that are forbidden by God. In this way, religiosity encourages self-control so that behaviors likely to result in HIV transmission are avoided.
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31.1 Introduction
The human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) epidemic in Africa continues to be a challenge. Predictions indicate that the number of people living with HIV/AIDS in Africa could reach 70 million by 2050. At the moment, treatment reaches only a fraction of those who need it, and the costs are not sustainable in the foreseeable future. Prevention is certainly the best way to control the epidemic [1].

The history of efforts to control diseases transmitted by behavior indicates that there is a need to have a multifaceted approach that combines medical treatments with psychosocial preventive programs. Religiosity falls within the psychosocial interventions. Religious organizations can serve as highly effective disseminators of preventive health guidelines. Neglecting or downgrading psychosocial HIV prevention interventions is likely to result in heavy personal tolls and impose mounting financial and social burdens on societies [2].

In Uganda, one of the strategic actions to accelerate the prevention of sexual transmission of HIV is to utilize religious institutions for the delivery of HIV prevention messages [3]. However, there are limited empirical data on what Ugandan religious communities think about the role of religiosity in HIV prevention interventions. A study was done to examine how Ugandan Muslim and Christian communities understand and assess the concept of religiosity and how they perceive the role, context, and mechanisms in which religiosity is used to prevent new HIV infections.
31.2 Theoretical Framework
Scholars have theorized various ways through which religiosity may influence behaviors. One of these is the social control mechanism. According to Rohrbaugh and Jessor, religiosity provides social control for behaviors through four ways: (1) by embedding the person in organized sanctioning networks; (2) by increasing sensitivity to what constitutes moral and appropriate behaviors; (3) by offering the deity (God) as the supreme source of wrath and punishment; and (4) by creating an obedience orientation through encouragement of devoutness [4,5].

Another way of looking at this issue theorized by Christian Smith is that religiosity may exert positive, constructive influences through nine distinctive but mutually reinforcing factors. These are (1) moral directives, where religions provide cultural moral directives of self-control; (2) spiritual experiences that may help solidify moral commitments; (3) role models with life practices shaped by religious moral orders; (4) community life skills and leadership skills in organized contexts of religion; (5) coping skills to manage stressful situations; (6) cultural capital that may enhance well-being; (7) social capital that encourages personal interactions; (8) network closure where people encourage positive life experiences and discourage negative ones; and (9) extracommunity links to expand horizons and aspirations [6].

Bandura proposed the social cognitive theory in relation to changing health behaviors. This theory specifies six core psychosocial determinants of health behaviors. These are (1) knowledge of health risks and benefits of different health practices; (2) perceived self-efficacy that one can exercise control over one’s health habits; (3) outcome expectations regarding the expected costs and benefits for different health habits; (4) health goals people set for themselves and concrete plans and strategies for realizing them; (5) perceived facilitators for the desired protective behavior; and (6) social and cultural impediments to the desired change in behavior [7]. Religiosity may influence all these determinants and result in health behaviors likely to reduce new HIV infections. Our study was done on the basis of these theoretical frameworks suggesting possible influences of religiosity on behaviors likely to reduce HIV transmission.

31.3 Methods

31.3.1 Study Setting
The Islamic Medical Association of Uganda (IMAU) is a faith-based nongovernmental organization, which has been promoting the faith-based approach to HIV prevention since 1989. In 2005, the IMAU established the Saidina Abubakar Islamic Hospital (SAIH) at Wattuba, 14 km from Kampala city, in Wakiso district. This hospital provides general medical services to the surrounding communities. In addition, IMAU staff members work with both Muslim and Christian religious leaders to educate their communities around the hospital regarding issues of HIV/AIDS prevention and control. IMAU first trained trainers from the community, who included teachers and health care professionals. This was done using a curriculum created by the IMAU staff in conjunction with other stakeholders. The curriculum has scientific information with supportive religious teachings from both Muslim and Christian faith traditions [8]. The trainers then trained religious leaders and their assistants called community educators. The community educators then educated their communities by using sermons, group talks, and home visits. The trainers continued to give support to community educators through regular meetings and field visits. The study was done among Muslim and Christian communities around the SAIH where the IMAU-trained religious leaders and community educators operate.
31.3.2 Study Design and Study Participants
The study was a qualitative study using key informants interviews. It was designed to include at least three key informants from each of the following categories: (1) male adult parents; (2) female adult parents; (3) male youth aged 15 to 24 years; (4) female youth aged 15 to 24 years; and (5) religious leaders. The study was done separately for Muslims and Christians. Religious leaders from 15 mosques and 15 churches were requested to identify three key informants from members of the community surrounding a particular place of worship. This would result in 45 Muslim key informants and 45 Christian key informants.
31.3.3 Data Collection
Data collection was done between July and December 2010 by nurses and counselors from the SAIH. They were trained in how to interview the key informants and record the data. Each key informant was asked six questions as follows: (1) What is the meaning of religiosity according to your religious denomination? (2) How do you recognize someone in your community with a high level of religiosity? (3) How is religiosity used by people in your community to avoid HIV infections? (4) Under what circumstances does this happen? (5) How do you judge the importance of religiosity in HIV prevention? (6) How does religiosity work to prevent HIV infections? The questions were translated into Luganda, the local language of the key informants. The interviewers collected data on sheets with space to record notes on the information given by the key informants.
31.3.4 Data Analysis
Each interviewer read out the findings on each question in a meeting of interviewers and the research team. The key messages on each question were summarized. The important quotations to illustrate the messages were also recorded. Muslims and Christians were analyzed separately because of different faith traditions.
31.3.5 Ethical Considerations
The study was approved by the Makerere University School of Public Health Institutional Review Board and the Uganda National Council of Science and Technology. Informed consent was obtained before interviews were done. Confidentiality was ensured by avoiding recording of specific identification features for the key informants. The data were also analyzed in general terms without identifying the specific individual who gave the response.
31.4 Results

31.4.1 Muslim Key Informants
In all, 45 Muslim key informants were interviewed. These included 8 male parents, 11 female parents, 9 male youth, 9 female youth, and 8 Muslim religious leaders.
31.4.2 Meaning of Religiosity
Religiosity was defined as good behavior in accordance with Allah’s laws and regulations. The key phrases used regarding the meaning of religiosity included the following: believing in Allah and Prophet Muhammad (Peace be upon Him) and following their guidance; putting into practice the teachings of Islam; being respectful to Allah and doing what is allowed and leaving what is forbidden; being considerate and kind; having good behavior in public and in private due to fear of Allah; helping those in need; being respectful to parents and elders; and being sociable.

An example from a male parent is as follows:
Religiosity means not involving oneself in evil acts according to the teachings of the Islamic faith. If someone is caught in the act of stealing, one would not say that the person is religious. For example, if some people demolished my house claiming this is their land, even if such people pray six times a day, I cannot call them religious.

Another male parent had this to say:
Religiosity is believing in Allah and following Allah’s laws and regulations. This includes following the five pillars of Islam, including believing in Allah, praying five times daily, giving for charity (zakat), fasting, and performing the pilgrimage to Makka (Haj). Religiosity is also a person’s behavior. Good behaviors according to Allah’s laws and regulations is religiosity.

Another male parent commented as follows:
Religiosity means fear of God. It means good behavior. It means being a good person (“Obuntu bulamu” in Luganda). Religiosity is good behavior, and other rituals are there simply to sharpen good behavior. The analogy for this is a knife which is used to cut things for our use. Good behavior is the knife in religiosity. The religious rituals sharpen this knife. It there is no knife, there is nothing to sharpen. It you do not have good behaviors, rituals alone cannot make you religious.

31.4.3 Recognition of Someone with a High Level of Religiosity
A Muslim with a high level of religiosity was recognized from marks on the body, the way the person dresses, performance of Islamic rituals, and having a good heart with good intentions and good behaviors. Such a person was described in the following terms: prays a lot; has Sujda (the black mark on the forehead of Muslims as a result of prostration due to regular prayers); the woman dresses in a long dress (hijab); the man wears a Muslim cap and also dresses decently; fears Allah in whatever is being done; is patient during stressful situations; has a heart of helping others; does not miss Friday prayers at the mosque (Juma); helps the needy including orphans, widows, and disadvantaged; is honest and humble; has no envy; reconciles with others; greets fellow Muslims with Assalam Alaikum (Peace be upon you); works well with others; friendly and cares for others.

One male parent described a Muslim with high religiosity as follows:
Someone is recognized from deeds. This person prays a lot, says Assalam Alaikum to others, and has Sujda. The person dresses according to Islamic guidelines, wears a long dress, if a woman (hijab), and dresses decently with a Muslim cap, if a man. For example, people will say, “That lady has a high level of religiosity because she always wears hijab.”


31.4.4 How People in the Community Use Religiosity to Avoid HIV Infections
The main methods described regarding how people use religiosity to prevent HIV infections were as follows: abstaining from sex before marriage; getting married and being faithful in marriage; and avoiding risky behaviors and risky situations. People using religiosity to avoid HIV infections were described in the following terms: They abstain from sex before marriage; they avoid fornication and adultery; they test for HIV before marriage; they get married officially to avoid temptations; they have lawful wives; they are faithful in marriage and stick to their spouses; they make sure the spouse is contented in all aspects of life; they have self-control and have patience in their lives; females dress decently to avoid tempting males; they avoid drinking alcohol and taking narcotics for recreation; they avoid bad peer groups; they avoid risky places such as bars, night clubs, and discos; they keep themselves busy in religious functions such as reciting the Holy Qur’an and attending religious education activities at the mosque; they listen to the advice of fellow Muslims, including their religious leaders; and they circumcise male children in infancy.

One male Muslim youth commented as follows:
At least my peers have tried to avoid what our religion prohibits. We are above 18, but none of us has ever drunk alcohol or gone to night clubs because we try to implement what our Imams tell us.

A male Muslim parent also made the following remarks:
People use being faithful in marriage as a way to avoid HIV infections. They use self-control and follow their religious laws and regulations. I am one of those who uses religiosity to prevent HIV infections. I have one wife. My work is away from home. I control myself when I am away from home. I am also confident my wife controls herself because she is religious.

31.4.5 Circumstances Under Which Religiosity Is Used to Avoid HIV Infections
Most key informants reported that people use religiosity to avoid HIV infections mainly in tempting situations. They use the skills derived from their religion to minimize exposure to tempting situations. The ways people use religiosity to avoid HIV infections were described in the following terms: They perform HIV testing before marriage; they get married officially (Nikah); both husband and wife are understanding, love each other, and trust each other; those officially married remain faithful to each other; they dress decently, with women wearing hijab to avoid tempting men into adultery and fornication; they avoid excessively gazing and admiring the opposite sex to avoid temptations, as recommended by Islam; they avoid going to bars, night clubs, and discos; they avoid drinking alcohol; they keep themselves busy with religious activities instead of being idle; they attend Friday mosque prayers and Islamic education at the mosque (Darasas); they attend other Islamic education activities; they associate with religious leaders and listen and follow the guidance of their Imams during funeral rites and other religious gatherings; and they are patient even when poor.

One Muslim female youth commented as follows:
In case of poverty, religion gives women patience to wait until the husband can afford what they want. The woman may even forget about whatever she wanted and avoid getting other men who may be able to provide what her husband was not able to provide.

A female Muslim parent also made the following remarks on this issue:
I am a Muslim lady. When I got married, my husband got me from my parents’ home, and the marriage ceremony (Nikah) was done properly as all good Muslims do. I pray regularly according to Islamic guidance. If someone tries to mislead me, when I have prayed, my heart cannot allow me to indulge in bad deeds because I am always committed to my God.

One Muslim religious leader made the following remarks:
Religion encourages people to fear God. Reminders are made by preachers during funerals. People are reminded that they have to go back to God. People are informed that death is a must and that is when we return to God to answer for our wrong deeds.

Another male Muslim parent commented as follows:
Religiosity comes in when there are temptations. I have gone through many temptations because I am religious. Shaitan (Satan) is the one who brings temptations according to Islamic teachings. Shaitan is the one who causes us to become lustful. However, Islamic teachings tell us not to look at women with lustful eyes. Islam teaches us to lower our gaze when looking at the opposite sex to avoid temptations. When you follow this guidance, you find that Allah helps you in the end. I also pray to Allah to prevent me from the temptations of Shaitan.

31.4.6 Judging the Importance of Religiosity in HIV Prevention
Religiosity was judged to be of great importance by the majority of the key informants. One female parent made the following remarks:
Religiosity is of great importance in HIV prevention. For me, a married woman, I have been taught that my path to paradise (Janna) is dependent on my obedience to my husband. I have to keep myself for him alone thereby preventing the spread of HIV infections.



A male parent made the following comments:
Religiosity is of great importance in HIV prevention. For example, because of our religiosity, we are healthy without HIV infection. Our children are also healthy. We are able to work and improve our income. When you are religious, I can say that you are protected from HIV infection at least 85%.

Another male parent remarked as follows:
Religiosity is of great importance in HIV prevention. The fear of God regulates our behavior. When we do things that are not allowed by God, we fear the punishment. For example, in Islam, adultery is punishable by stoning someone to death, and fornication is punishable by flogging 80 strokes. These deterrent punishments regulate our behavior.

31.4.7 How Religiosity Works to Prevent HIV Infections
Most key informants reported that religiosity works to prevent HIV infections by instilling a feeling of fear of Allah among people so as to avoid His punishments. Religiosity also gives people a feeling of shame when they do things that are forbidden in Islam. The way religiosity works to prevent HIV infections was described in the following terms: It creates fear of Allah and His punishments for those who disobey Him; it encourages obedience to Allah; it creates a sense that Allah is watching everyone, wherever they may be; and it encourages self-control so that someone fights his soul to avoid adultery and fornication. Other descriptions were as follows: It encourages self-control; it promotes abstinence from sex with those one is not married to; it encourages avoiding risky situations such as night clubs, discos, and bars; it encourages avoiding drinking alcohol; it encourages people to be patient; it encourages decent dressing such as hijab for women to reduce their chances of tempting men into adultery and fornication; it creates a sense of shame when someone is doing what religion prohibits; it makes someone to fear bringing shame to Islam and bringing shame to fellow Muslims. Key informants also reported that by participating in prayers, reading the Holy Qur’an, and attending Islamic education sessions at the mosque (Darasas), people avoid risky situations where HIV may be transmitted. They also reported that religiosity works by encouraging people to be patient because Allah promised to give all good things in heaven as a reward to those who are patient and avoid doing forbidden things.

One male parent commented as follows:
Religiosity works through fear of Allah. Fear of Allah makes people to control themselves and avoid Allah’s displeasure and punishments. Religiosity also works through promising good things in heaven (Janna). Islam teaches that there are beautiful women in Janna and so people should control themselves on earth.



Another male parent made these remarks:
Religiosity is associated with fear of God. This fear controls people’s behavior because they fear God’s anger. Religion encourages marriage. The husband is responsible for protecting his wife at all times. The wife and women in general are not allowed to work many miles away without the protection of their spouses or relatives. The laws and regulations provided by religion help individuals to control their behavior.

One female parent commented as follows:
When I am tempted to commit adultery, the religiosity I have within me causes me to resist those who are making passes at me. Even if someone gives me millions of shillings, because of my strong religious beliefs, I don’t accept to commit adultery. All this is done because I know Allah is everywhere and He sees everything that one does.

One female youth made the following comments:
A religious person will fear and will tell the truth. For example, if the person is HIV-positive, others will be informed so that the HIV infection is not transmitted to them.

31.4.8 Christians Key Informants
In all, 39 Christian key informants were interviewed. They included 6 male parents, 9 female parents, 12 male youth, 6 female youth, and 6 religious leaders.
31.4.9 Meaning of Religiosity
Religiosity was defined as good behavior in accordance with God’s commandments in the Holy Bible. This was described in the following terms: believing in God and following the Bible’s teachings; believing in God and the ten commandments; following Christ and his teachings; knowing God and following His commands; being honest, calm, gentle, trustworthy, humble, and merciful; being helpful to others; being obedient to parents; being sociable and having self-discipline.

One male parent made these comments:
Religiosity means behaving well among people. It means that whatever you do is based on God’s guidance. It means you obey God’s laws and regulations.

Another male parent had these remarks:
Religiosity means behaving according to guidelines in the Holy Bible and according to the teachings of Jesus Christ. It means following the Bible’s teachings.


31.4.10 How Someone with High Religiosity Is Recognized
Most key informants recognized someone with high religiosity if that person prays, participates in religious activities, and also has good behaviors. The person was described in the following terms: prays regularly; attends Church on Sundays or Saturdays for Seventh Day Adventists; attends religious services; participates in church activities; wears a cross or rosary, according to guidance from the specific religious denomination; fasts during the days of lent; dresses decently; is helpful to others; loves neighbors; is honest, humble, and friendly; forgives; helps the poor and needy; gives for charity; avoids being envious; avoids alcohol and narcotic drugs such as marijuana; and has good behaviors generally.

One Seventh Day Adventist male parent made the following comment:
The person with a high level of religiosity prays regularly every Saturday and behaves well among people.

Another Seventh Day Adventist male parent made the following remarks:
For us Seventh Day Adventists people with high religiosity follow our faith teachings. They do not work on Saturdays. They avoid fornication. They get married according to the teachings in the Bible. You recognize religious people by what they do and what they talk. It is behavior which is most important. Being a good Christian is not only talking about it. It is the actions that you do which matter most.

31.4.11 How Religiosity Is Used to Avoid HIV Infections
Most key informants reported that people used religiosity to avoid HIV infections by abstaining from sex, being faithful in marriage, and avoiding risky situations. The issue of using religiosity to avoid HIV infections was described in the following terms: People abstain from sex; they undergo HIV counseling and testing before marriage; they believe in holy marriage or holy matrimony; they are faithful to their spouses; men marry one wife and avoid adultery; they avoid fornication; they pray regularly; they avoid risky festivities such as going to night clubs; they avoid taking alcohol and narcotic drugs for recreation; they attend health education talks on HIV/AIDS given by their religious leaders; they dress decently; they avoid bad peer groups; and they obey God’s commandments.

One male youth described the issue as follows:
By attending church education sessions at least twice a week, some people avoid HIV infections. In the church, they teach about avoiding fornication, encourage getting married, and avoiding adultery thereafter.



One male parent commented as follows:
People are counseled and tested before marriage. They avoid using alcohol and narcotic drugs. They avoid risky festivities such as night clubs and discos. All this is due to religious teachings.

Another male parent made the following remarks:
People attend Bible study sessions, and they follow the teachings. Some people avoid attending high-risk festivities such as discos. Some people avoid traveling at night, especially women.

31.4.12 Circumstances Under Which Religiosity Is Used to Avoid HIV Infections
Most key informants reported that religiosity is used to avoid HIV infections during periods of temptations. People use religion-based life skills to avoid situations likely to lead to HIV infections. They described the circumstances under which religiosity is used to avoid HIV infections in the following terms: When tempted by Satan, people use religiosity to avoid HIV infections; they avoid going to night clubs and discos; they perform prayers frequently instead of going to risky festivities; they involve themselves in religious activities instead of being idle; they avoid taking alcohol; they dress decently; they avoid bad peer groups; they avoid adultery and fornication; they attend fellowships and read the Bible; they attend education sessions during religious gatherings; and they marry at an appropriate time to reduce temptations of fornication.

One male parent remarked as follows:
People are encouraged to pray a lot in order to avoid HIV infections.

Another male parent commented as follows:
When a person prays a lot, that person does not go to risky festivities like night clubs which expose people to higher chances of getting HIV infections.

Another male parent remarked as follows:
People use religiosity to avoid HIV infections when they are tempted by Satan. The Bible teaches avoiding looking at a woman with lustful eyes. When this temptation comes, religious people remember the Bible teachings and move away from this situation.

One Seventh Day Adventist male parent had this to say:
People use self-control when they are tempted. Religious leaders teach them that believers are princes and princesses of God. There are certain things which such dignified people do not do such as committing adultery, fornication, drinking alcohol, and eating pork. When they get tempted, they remember these teachings and control themselves.

31.4.13 Judging the Importance of Religiosity in HIV Prevention
Most key informants reported that they take religiosity to be of great importance in HIV prevention. One female parent made the following remark:
Religiosity softens peoples’ hearts and makes them see each other as brothers and sisters. If someone religious is infected, that person will avoid passing the infection to others.

One male youth said:
Religiosity is of great importance in preventing HIV infections. A person who is not religious has a higher risk of acquiring HIV infection compared with one who is religious.

A male parent remarked as follows:
Religiosity has great importance in HIV prevention. If one obeys God’s laws and regulations, this will result in HIV prevention.

Another male parent commented as follows:
Religiosity has great importance in HIV prevention. Religion teaches people about HIV infection and how to avoid it. If there was no religion, it is likely that many more people would get HIV infections.

31.4.14 How Religiosity Works to Prevent HIV Infections
Most key informants reported that religiosity makes people fear God and avoid doing what is forbidden such as adultery and fornication. It also creates a sense of shame when what is forbidden is done. This issue of how religiosity works to prevent HIV infection was described in the following terms: It teaches obedience to God’s commandments; it gives someone God’s power of self-control; and it teaches abstinence from sex before marriage and being faithful in marriage. Because of religiosity, people fear to commit sins; they fear to annoy God; they avoid alcohol and narcotic drugs for recreation; and they avoid risky situations such as discos and night clubs. Religiosity keeps people engaged in religious activities such as Bible reading, instead of going to risky festivities. Religiosity also increases people’s self-esteem and makes them avoid shameful activities such as adultery and fornication. Religiosity also works to prevent HIV infection by encouraging people to dress decently and to stick to one marital partner. It also encourages people to be patient and have self-control.

One male parent made the following remarks:
Religiosity brings a sense of shame in someone. This makes the person avoid situations of shame such as committing adultery and fornication.

Another male parent remarked as follows:
Religiosity gives one God’s power to address temptations. If one believes in God, that person gets superhuman power in whatever the person does. Religiosity also creates a sense of shame. One feels ashamed among his religious peers by doing things forbidden in religion. The person feels guilty conscious and avoids repeating similar acts in future.

One female parent commented as follows:
A religious person will not commit adultery because it is a sin in the Bible. The person will dress decently according to the principles of the religion. Christians will have one wife and one husband as the Bible teaches. Young people will abstain till marriage, since fornication is a sin according to the Bible.

Another female parent said:
Religious people fear to annoy God. They will have self-respect and dignity which will help them in avoiding adultery and fornication.

One male youth made the following remarks:
A religious person has strong self-esteem and cannot have sexual affairs with anyone that passes their way.

Another male youth said:
A religious person will be merciful and if infected will not pass on the infection to another person.

31.5 Discussion
It is important to take what people say seriously. Although numbers may reveal “how much,” investigations of what people say may better illuminate, “how” and “why.” Scholars who think they are being “scientific” by doing surveys and running multivariate statistical models are unlikely to be convinced that studying what people say is worth their time. However, scholars who are truly interested in understanding religion know that what people say cannot be ignored. This is because what people say can help in investigating the arguments advanced by religious advocacy groups regarding the role of religion in various aspects of life [9].

Both Muslims and Christians say that religiosity is of great importance in HIV prevention. This view is consistent with the theorized role of religiosity in influencing behavior, according to Bandura and Smith [2,6]. The meaning of religiosity, as defined by both Muslims and Christians, includes good behaviors in accordance with God’s guidance. This is consistent with the documented concept of religion among Africans. Most African languages do not have a word for religion as such. They have words for religious ideas and practices [10]. There is no one word for religion in the African languages, nor is there one in the Holy Bible. The borrowed term “El Din” is Arabic and simply means “a way of life” [11]. This word is present in the Holy Quran Chapter 5 Verse 3, which is translated as follows:


You are forbidden to eat the meat of any animal that dies by itself (dead body), blood, the flesh of swine (pig meat), and that on which any name other than Allah’s has been invoked; also that which is strangled to death, killed by a violent blow, killed by a headlong fall, and of those beaten or gored to death; and that which has been partly eaten by a wild animal unless you are able to slaughter it before its death; and that which is sacrificed on altars; and forbidden also is to seek luck or decision by raffling of arrows. All these are sinful acts. Today the unbelievers have given up all their hope to vanquish your religion. Have no fear of them, fear Me. Today I have perfected your religion for you, completed my favor upon you and approved Al-Islam as a Deen (way of life) for you. Anyone who is compelled by hunger to eat what is forbidden, not intending to commit sin, will find Allah Forgiving, Merciful.

(English Translation of the meaning of Al-Quran, The guidance for Mankind; 5th edition (2002). Texas USA; Chapter 5 verse 3. Translated by Muhammad Farooq-i-Azam Malik)



In the local language of Luganda, the language of the key informants, the word religion is translated as “Diini.” As they reported, “Diini” means having good behavior. Indeed, in this local language, those with bad behaviors are often referred to as people who have no “Diini.” This suggests that religiosity is likely to be helpful when incorporated in interventions promoting good behaviors for reducing new HIV infections.

In his theory regarding health promotion by social cognitive means, Bandura suggests that the approaches that work best promote community self-help. However, people need to be given the necessary resources and enabling guidance to help themselves. Simply telling people with intractable problems to fend for themselves is an evasion of society responsibility. He outlines three major components in the social cognitive theory for promoting behavior change. These are as follows: (1) a sound theoretical model that specifies the determinants of psychosocial change and the mechanisms through which they produce their effects; (2) a translational and implementation model that converts theoretical principles into an innovative operational model; and (3) a social diffusion model of how to promote adoption of psychosocial programs in diverse cultural milieus. He continues to elaborate that an effective preventive program has four major components: (1) an informational component to inform the target audience about health benefits and risks of different lifestyle habits; (2) a social and self-management skills component to translate informed concerns into effective preventive practices; (3) a resilient sense of efficacy component to support the exercise of self-control in the face of difficulties and setbacks that inevitably arise; and (4) a social support component to create social support for the desired change [7].

The IMAU designed an implementation model for the inclusion of religion in HIV/AIDS prevention, which incorporated the theoretical principles elucidated by Bandura. IMAU calls the model the Faith-based approach to HIV/AIDS. It has five components: (1) believing in God; (2) acquiring scientific knowledge about HIV/AIDS; (3) learning and making use of relevant faith teachings and practices; (4) forming partnerships with and making use of religious leaders and their administrative structures; (5) making use of the concept of self-control (the struggle of the soul against temptation) by each individual to combat HIV/AIDS [8]. This five-pillar faith-based approach to HIV/AIDS is intended for implementation at the individual level, family level, and community level. At the individual level, the person should believe in God, obtain scientific information about HIV/AIDS, follow faith teachings that support HIV prevention and control, listen to and use the advice of religious leaders, and use self-control to regulate behavior. Family members should support each other in implementing the same things. Similarly, the communities should support families and individuals in implementing all the five components.

The five-pillar faith-based approach to HIV/AIDS incorporates all the four components of an effective prevention program as outlined by Bandura. The fifth component that is added is believing in God. Adding this component is essential in adopting Bandura’s model to include religiosity for HIV prevention. As both the Muslim and Christian key informants said, God is a critical power encouraging people to use religiosity to avoid HIV infections.

In adjusting the five-pillar faith-based approach to HIV/AIDS for the Muslim community, the language was rephrased to suit the Islamic culture. The five pillars of the Islamic approach to HIV/AIDS are as follows: (1) believing in Allah and the Prophet Muhammad (Peace be upon him); (2) acquiring scientific knowledge about HIV/AIDS; (3) learning and making use of relevant Islamic teachings and practices; (4) forming partnerships with and making use of Imams and their administrative structures; (5) making use of the concept of Jihad Nafs (the holy war or struggle of the soul against temptation), by each individual to combat AIDS. To increase the understanding of difficulties and setbacks expected in self-control, as outlined by Bandura, the concept of Jihad Nafs was used. This is essentially a holy war against one’s soul to fight temptations that may lead one into sinful acts such as adultery and fornication, which may result in someone getting diseases such as HIV infection. The struggle to combat HIV/AIDS was code named “Jihad on AIDS—self-discipline using Allah’s guidance” [12].

As Bandura illustrates, self-efficacy is a focal determinant because it affects health behaviors both directly and by its influence on other determinants. For the Christian communities, religious teachings that encourage self-control, which are similar to Jihad Nafs, were incorporated in the implementation of an education intervention that included religiosity to address HIV/AIDS issues.

One teaching from the Holy Bible is as follows:


“It is better to be patient than powerful. It is better to win control over yourself than over whole cities.” (Proverbs 16:31-32. Quoted from the Good News Bible published by United Bible Societies)



This teaching supports patience and self-control, which are important mechanisms through which religiosity works to prevent HIV infections, as reported by the key informants. The teaching underscores the difficulties of self-control and compares it with physical battles, in which cities are won by combatants [8].

In conclusion, both Muslim and Christian key informants say that religiosity is of great importance in HIV prevention and that people are using it for this purpose. It is important to continue incorporating and strengthening religiosity in HIV prevention interventions for both Muslims and Christians. One key informant felt that religiosity is protective against HIV infection at least 85% of the time if used correctly and consistently. More empirical evidence is needed to confirm this notion. One of the limitations of our study was that all our key informants were religious people, and they could have overestimated the role of religion in HIV prevention. However, the majority of Ugandans are religious people, and the feelings of the study key informants are likely to be similar to many other religious Ugandans. It has been suggested by skeptics that religiosity and spirituality are unscientific, infantile, and pathologic and that it requires an overabundance of evidence to establish a positive place for religiosity and spirituality in health interventions [13]. Our study has contributed evidence indicating that some people feel religiosity is important in their lives for the prevention of HIV infection. It is important to support such people using religiosity for this purpose. One way of doing this is to continue gathering more empirical evidence on the relationship between religiosity and prevention of HIV infections to find out if what people say is consistent with data gathered by other methods. The data presented above, including data from our study, should be used for evidence-based planning of HIV prevention interventions by religious leaders and other stakeholders with the objective of strengthening the faith-based response to the HIV pandemic. All interventions for people living with HIV/AIDS, including nutrition and antiretroviral therapy, should include religiosity as a tool that can be used in positive approaches for the prevention of transmission of HIV infection to other people.
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Piscitelli | St Johr's wort (300 mg three | Indinavir 800 mg (four doses) | Before andafter | HIV= | =8 (sixmales, two | Indinavir mean AUC, , | by 57% (SD 19) after
(2000) times daily) females, age 29-50 | addition of St Johr's wort (P= 0-0008)
122 years) Indinavir mean ., | by 81%(SD 16)
de Maat St Johr's wort Nevirapine Popuation HIV+ | Cases n=5 (all males, | Nevirapine oral clearance 1 35% (SE 15%) in
(2001) pharmacokinetics age 34-53 years), patients using St. John's wort (P = 0.02)
23] control 1= 171
Piscitelli Garlic caplets two times daily Saquinavir 1,200 mg three Three periodone- | HIV= | n=10 (4 males, 6 Saquinavir mean AUC, | by 51% in presence of
(2002) times daily for 4 days way, crossover females, mean age garlic (P=0.007)
24] Vi
124 38 years) Saquinavir mean C,,,, | 49% (P=0.002) with garlic
Gallicano | Garlic extract 10 mg twice daily | Ritonavir 400 mg single dose | Crossoverdesign | HIV- | =10 (five males, five | Ritonavir mean AUC | by 17% and C,,,, | by 1%in
(2003) females, age 1855 | presence of garlc (not satistcally significan)
25] years)
Hejda (2010) | Garlic extract 600 mg twice daily | Saquinavir 1,200 mg single | Crossoverdesign | HIV= | =10 all males, age | Garlic 1 expression of intestinal P-glycoprotein to
26] dose 24-38 years) 131% (95%Cl, 105-163%)
Saquinavir mean AUC | to 85% from baseline (95%
CL66-109%) in preserce of garlic
Piscitelli | Milk thistle 175 mg (silymarin | Indinavir 800 mg fourdoses | Three periodone- | HIV= | =10 (sixmales, four | Indinavir mean AUC, , | by 9% after addition of
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1271 for3 weeks years) Indinavir mean C,.,, | 25% (P = 0.0084) with milk
thistie
DiCerzo | Milk thistle (silymarin 160 mg) | Indinavir 800 mg four doses | Sequential HIV- | =10 (sevenmales, | Indinavirmean AUC, , | by 7% after addition of
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1281 weeks age 32 years) Indinavir mean C,,. | 11% with milk thistle (not
statistically significant)
Mills (2005) | Milk thiste (silymarins 450 mg) | Indinavir 800 mg fourdoses | Three period HIV- | =16 (all males)age | Indinavir mean AUC, , | by 4.4% after addition of
129] three times per day for 28 randomized 18-35 years milk thistle in active group (P= 0.78)
days control tral No significant difference between active and
control groups in plasma pharmacokinetics
Molto (2012) [ Milk thistl (silymarin 150 mg) | Darunavir/ritonavir Openlabelfixed | HIV+ | n=15 all males; age | Darunavir AUC, ,, | by 14%after addition of milk
130] three times per day for2 600/100 mg twice daily sequence 4450 years) thistle (= 0.215)
weels foratleast weeks Darunavir C,,,, | by 6% after addition of milk thistle
(P=0.654)
Sandhu Goldenseal root (1,140 mg twice | Indinavir 800 mg single dose | Crossoverstudy | HIV- [ n=10 Indinavir mean C.,,, 1 2.6%after addition of
(2003) daily) for 14 days (before and after) goldenseal root (not statistically significant)
1] Indinavir oral clearance was lowered by 4.6%
following treatment with goldenseal root (not
statstically significant)
Slain (2003) | VitaminC 1,000 mg/day for7 | Indinavir 800 mg fourdoses | Before andafter | HIV- | n=7 (sixmules, one | Indinavir mean AUC, , | by 14% affer addition of
132) days female), age 18-55 vitamin C (P=0.05)
years Indinavir mean C,,. | 20% (P= 0.04) after addition
of vitamin C
Andrade | Americanginseng 1g every 8 h | Indinavir 800 mg every 8 he3 | Before andafter | HIV= | =13 (all males, age | Indinavir mean AUC, , | by 11% after addition of
(2008) for2 weeks days 26-53 years) American ginseng (ot staistically sigrificant)
3] No significant difference in indinavir C,,, or C,,,
after addition of American ginseng
Robertson | G. biloba 120 mg twice daily=2 | Lopinavir/ritonavired weeks | Before andaffer | HIV= | 1= 14 (eight males, six | Lopinavir AUG, , 1 2% following addition of G.
(2008) weeks females) biloba (P=0.42)
B4 Lopinavir C,.,, | 2% following addition of G. bilaba
(P=043)
Blonk (2012) | G. biloba 120 mg twice daily=2 | Raltegravir 400 mg single | Two period HIV- [ 1= 18 (nine males, nine | Raltegravir mean AUC, , 1 24% after addition of G.
133] weeks dose crossover females, age 1855 | biloba (not statistcally significant)
years) Raltegravir mean C,,,, 1 by 44% after addition of G.
biloba (not statistically significant)
Penzak Echinacea purpurea 500 mg three | Lopinavir 400 mg-ritonavir | Openlabelsingle | HIV- | 1= 13 (eight males, five | Lopinavir mean AUC, ,, | 4% following addition
(2010) times per day=4 weeks 100 mg twice per day <4 sequence fomales) of Echinacea (P=0.82)
136 weels Lopinavir mean C,,,, unchanged following addition
of Echinacea (P=0.72)
Molto (2010) | E. purpurea 500 mg every 6hw2 | Darmavi/ritonavir Openlabelsingle | HIV+ | =15 (ages 43-67 Darunavir mean AUC | 10% following addition of
137) weeks 600/100 mg twice daily sequence years) Echinacen (P=0.374)

foratleast4 weeks

Darunavir meanC,,,, | 3% following addition of

Echinacea (P=0.810)
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Results
Study (author, year of publication, country)
Insulin resistance Hypertension

| Insulin resistance compared with baseline (-0.43) | —

| Systolic pressure inIG compared with CG (-13 vs.+4 mmHg)

Aghdassi et al,, 2010, Canada [17]
Fitch et al,, 2006, United States [18]
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Oxygen consumed Carbon dioxide produced RQ Heat produced per gram oxidized (kcal)

1 g Glucose | 0.746 0.746 1.00| 3.75
1 g Lipid 2.029 1.430 0.69] 9.30
1 g Protein | 0.966 0.782 0.81 4.30
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Lifestyle factor ~ Targets

Dietary intake [1] ® All dietary fat sources | 25-35% of total daily caloric intake

#® Saturated fats <10% of total daily caloric intake
@ Cholesterol intake <300 mg daily
# Sodium <2,300 mg daily

<1,500 mg daily for African Americas, hy pertension, diabetes or chronic renal disease

® Limit refined grains, especially those containing added fats, sugar, and sodium

Physical activity | 30 min of moderate-intensity activity most days

Smoking
Healthy weight

Cessation
BMLE: * between 20 and 25 kg/n?
Waist: Men:

<90 cm for Caucasian men

<80 cm for Asian men

<80 cm
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Diet counseling
Limit intake of saturated fat and cholesterol

Reduce total fat intake to < 30% and dietary cholesterol to < 300 mg/day

Emphasize intake of vegetables, fruits, grain products with fiber

Emphasize consumption of fish, poultry (skinless), lean meat and low-fat dietary intake
Keep caloric intake balanced with energy expenditure

1-week food and drink diary to discover ‘hidden’ calories

Avoid binge eating (‘yo-yo dieting’)

BMI > 30 kg/m2 should be motivated to lose weight. Starvation diets are not
recommended for HIV-infected individuals (potentially decreased immune defense
mechanisms)

High triglycerides: increase fiber intake, reduce carbohydrate intake and limit alcohol
consumption
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Prefer Moderate Small amount

Cereals Whole grains White bread, rice, pasta, cookies, sweetened cereals Sweetbreads, cakes, pies and croissants

Vegetables Raw and cooked vegetables Vegetables prepared with butter or cream

Legumes All, including soybean

Fruits Fresh or frozen fruits Dried fruits, jams, preserves and ice creams

Sweets and sweeteners Noncaloric sweeteners Honey, chocolate and candies Cake and ice cream

Meats and fish Lean, oily fish, skinless poultry Sausage, salami, lard, ribs, viscera

Dairy products and eggs| Skim milk and yogurt, white egg Semi-skim milk, white cheeses and lean dairy products Yellow and creamy cheese, yolk, whole milk and yogurt
Nuts and seeds All Coconut

Sauces Vinegar, ketchup, mustard, fat-free sauce | Vegetable oils, light margarines, salad dressing, mayonnaise | Butter, solid margarine, pork and trans fat, coconut oil
Food preparation Grilled, cooked and steamed food Baked and braised food Fried food
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Groups DASH diet Control Macronutrients (%) DASH diet Control

Fruits 52 . Total fat 36
Vegetables 44 . Saturated fat 14
Low-fat dairy 2 . MUFA 12
Regular fat dairy | 0.7 . PUFA 6

Nuts and beans | 0.7 51
Red meat 0.5 15 Protein 18 14

Fish 0.5 0.2

Snacks and sweets| 0.7 4.1
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Lazzaretti etal., 2012 [33] RCT 43/40 | Phase 2 NCEP sessions every 3 months 12 months | Reduced TG

=TC

Balasubramanyam et al., 2011 [46] | RCT 38/30 | NCEP-style diet sessions every 2 months 6 months | =TG

=TC

Fitch et al.,, 2006 [48] RCT 12/16 | NCEP-style diet weekly sessions+3 h exercise| 6 months | Reduced TG
=TC
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25-35% of daily calories from all fat sources
< 7% of daily caloric intake from saturated fat
<200 mg of dietary cholesterol per day
<2,400 mg/day of sodium

2 g/day of plant sterols/stanols

at least a 5-kg weight loss if overweight
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NRTI NNRTI PI FI CCR5 antagonist  Integrase inhibitor
Abacavir (ABC) Efavirenz (EFV) [ Atazanavir (ATV) Enfuvirtide(T-20) | Maraviroc (MVC)| Raltegravir (RAL)
Didanosine (ddl) Etravirine (ETR) | Darunavir (DRV)

Emtricitabine (FTC) | Nevirapine (NVP)

Fosamprenavir (FPV)

Stavudine (d4T) Indinavir (IDV)
Lamivudine (3TC) Lopinavir (LPV)
Tenofovir (TDF) Nelfinavir (NFV)
Zidovudine (AZT) Ritonavir (RTV)
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Tipranavir (TPV)
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