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Abstract

The demographic imperative and the high prevalence of mental disorders in older
adults make mental health and illness in an aging population, one of the great
public health challenges of the coming generation. This challenge has the poten-
tial for an overwhelming impact on health and social services worldwide.
However, their impact may be mitigated by the opportunities provided by the
wide ranging research, education and innovative services described in this vol-
ume by our internationally representative group of authors. The volume provides
a broad perspective from ‘successful’ aging to the understanding and manage-
ment of the common clinical disorders of old age with a special focus on
dementia, balancing the need for a cure and continuing care.
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The demographic imperative and the high prevalence of mental disorders in older
adults make the focus of this volume, one of the great public health challenges of the
coming generation. Brain disorders associated with psychosocial contributing fac-
tors and sequelae make the elderly, and in particular the very old, a most vulnerable
population who are growing at the fastest rate. This has the potential for an
overwhelming impact on health and social services worldwide. However, this impact
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may be mitigated by the wide-ranging research, education, and innovative services
described in this volume by our internationally representative group of authors, who
stand at the vanguard of their respective disciplines.

This volume addresses issues of health, illness, and prevention. Indeed, one of the
very unique perspectives in this volume is the chapter on “successful aging,” which
focuses in a refreshingly counterintuitive way on the positive aspects of aging.
Moreover, we also have epidemiological, psychological, and sociological contribu-
tions that place the older adult in a more holistic context. This interesting perspective
on aging is complementary to the overwhelming yet understandable preoccupation
with the disorders of later life.

Epidemiological, psychological, and sociocultural factors must be understood in
the context of the growing pressure of clinical disorders, such as mood and anxiety
disorders (including the risk of suicide), neurodegenerative disorders, delirium, and
of course the impact of medications on elderly patients, all of which are represented
in this volume. These are the traditional “four D’s” — depression, delirium, dementia,
and drugs. At one time, it was believed that these were entirely distinct syndromes
with unique outcomes (Roth 1955). However, recent research, reflected in this
volume, shows that the interrelationship of the “four D’s” is much more complex
and intertwined than originally considered. Depression is a significant risk factor for
dementia; delirium is at highest risk in individuals suffering from dementia; schizo-
phrenia and bipolar disorder carry a high prevalence of cognitive impairment in later
life; and a multiplicity of drugs profoundly affect the central nervous system and
therefore the other three D’s. Because of the unique challenge of using drugs in older
adults, we have devoted two chapters specifically to pharmacotherapy in mood
disorders and in the management of dementia. These chapters complement those
highlighting the value of psychological therapies in mood and anxiety disorders and
in the management of dementia. This complex interrelationship calls for a more
unified approach to disorders of the brain and mind than we have adopted heretofore.
We can no longer afford to maintain artificial silos of the traditional medical
disciplines and waste the potential of sharing valuable expertise and limited
resources by unnecessary duplication and fragmentation of services and training.
Accordingly, we also have two chapters that address the common problem of
physical comorbidity in older adults — one chapter focusing on mood disorders
and the other on dementia. As economic game theory teaches us (Kreps 1990), we
(health and social service professionals, patients, and families) are all better off when
we share the resources and expertise necessary to understand and manage complex
disorders of the brain and mind. One result of this understanding is the recent
development of organizational structures that aim to facilitate this kind of integration
by bringing together multiple medical and healthcare disciplines under one roof and
often under one programmatic structure. The widespread adoption of program
management in hospital settings has facilitated this development of integrated
medical services under the umbrella of “programs” that include multiple traditional
medical departments. An initial exemplar was the approach to major trauma involv-
ing multiple medical and surgical disciplines that needed urgent coordination. This
approach is reflected in the recent growth of brain health centers, brain sciences
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centers, and institutes of brain and mind. Our volume reflects the multiple healthcare
professionals, medical disciplines, and health and social services involved in such
initiatives. In Canada, an educational proposal to the Royal College of Physicians
and Surgeons of Canada (RCPSC) mirrors these developments and realities and aims
to facilitate the collaboration and integration necessary to address disorders of the
brain and mind that impact affect, behavior, and cognition. A training proposal
known as a Diploma in “Interdisciplinary Brain Medicine” (IBM) brings together
six related but separate medical specialties in the hope of creating a common
language and a common set of clinical competencies among psychiatrists, neurolo-
gists, geriatric psychiatrists, geriatric medicine specialists, physical medicine, and
rehabilitation specialists and even neurosurgeons, who are using new techniques of
brain stimulation to address psychiatric and neurological conditions such as refrac-
tory mood disorders, obsessive compulsive disorder, dementias, and familial tremor
(Henri-Bhargava et al. 2013).

The Challenge of Dementia: Balancing the Search for a Cure and
the Need for Care

Dementia and its related conditions is of course most prevalent in the very old, the
most rapidly growing segment of the population, especially in developed countries.
More recently, this is true even in developing countries as their health services
evolve and improve access to healthcare and produce better clinical outcomes. In
this volume, two broad approaches are described that balance the wish to find a cure
and the need to support caregivers and improve the quality of life for those individ-
uals when primary or secondary prevention is not possible.

Figure 1 reflects the evolution of dementia and its inevitable cascade represented
by its most common form, Alzheimer’s disease, and its contributing factors.
Neurobiologic factors may precede the onset of the clinical manifestations of
dementia by 20-30 years. This neurobiologic prodrome may be identified by genetic
markers such as apoed4, brain changes on PET scanning, and biomarkers in the
cerebrospinal fluid. The clinical prodrome may be manifest by psychiatric disorders
such as depression, paranoid symptoms, and subjective cognitive changes until the
disease progresses toward total disability, dependency, and death. We cannot afford
to ignore the search for a cure. Early identification of those biomarkers in the brain,
blood, and cerebrospinal fluid will allow us to intervene before the degenerative
changes are too advanced to be reversed. Hopefully “anti-dementia” drugs can be
developed that have an impact in this early stage of dementia. This in turn raises
important bioethical issues. Effective cognitive screening tools include the innova-
tive notion of “mild behavioral impairment” (MBI) as an early manifestation of
dementia. At the same time as we search for a cure, we must pay attention to the
nature and management of the behavioral and psychological symptoms of dementia
(BPSD) and other clinical challenges faced by caregivers worldwide who represent
an invaluable resource without whom healthcare systems around the world would
buckle under the growing pressure of these disorders.
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Fig. 1 The dementia cascade

Other important consequences that reflect the prevalence of mental and neuro-
logical disorders in a rapidly growing elderly population include the important
impact on mental capacity, as well as the economic impact affecting governments’
ability to care for all of its’ citizens. Hence, we have devoted separate chapters to
issues of mental capacity and its interface with the law and to understanding the
basics of health economics, both important areas which are deficient in the training
of healthcare professionals and which reflect the interdisciplinary connections that
are part and parcel of addressing the needs of older adults.
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Abstract

Over the course of history, aging has been considered a period of progressive
physical, cognitive, and psychosocial declines, yet more recently there is growing
evidence that challenges this purely deficit-driven view of aging. In fact, numer-
ous studies have documented improvements in psychological well-being across
the life-span, despite age-related declines in physical and cognitive functioning.
This subjective well-being in the face of physical limitations is thought to reflect
successful aging. Here, we review the definitions, predictors, and biobehavioral
mechanisms of successful aging. There are numerous perspectives on what
constitutes successful aging and as such a consensus regarding its definition is
lacking. Nonetheless, a number of studies have characterized the biologic, envi-
ronmental, and social determinants of successful aging using often overlapping
operational definitions. Of particular interest are positive traits such as resilience
and wisdom, which appear to have particular relevance in understanding the
counterintuitive relationship between successful aging, even in the presence of
poor health status. In addition to characterizing various facets of successful aging,
there has been a growing interest in investigating strategies to promote well-
being, many of which are discussed here. The ongoing technological revolution
has great promise for enabling older adults to age successfully and safely in their
own homes and communities despite declines in physical ability.
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Introduction

At present there are over 40 million individuals over the age of 65 living in the
United States and by 2030 that number is expected to grow to 72 million. Across the
literature, this tidal wave of aging baby boomers has been referred to as the “Silver
Tsunami” and deemed the number one public health issue faced by the developed
world. In line with this rapidly shifting distribution of older adults, disease and
disability related to normative and accelerated aging has received much empirical
attention. Traditionally, aging has been considered a period of progressive decline in
physical, cognitive, and psychosocial functioning. More recently, there is growing
evidence to suggest that in contrast to a purely deficit-driven view of aging, older
adults often experience increased levels of psychological well-being as they age. In
addition, social and emotional functioning not only remains stable but appears to
improve with age. Thus, there has been a contradiction between findings that
establish a decrease in biological, physiological, and cognitive capacity in older
adults and those that demonstrate that older adults are generally satisfied and report
high levels of emotional well-being as they age. This contrast has been designated
“The Paradox of Aging” and is described as the ability to maintain high levels of
well-being and life satisfaction, despite age-related losses in physical and cognitive
functioning. Based on this paradox, theories of aging have deviated from unidimen-
sional decline models to focus on life-span developmental models that consider the
notion of successful aging.

Earlier research on the aging process has concentrated on the way that disease and
disability affect older adults. More recently, research has begun to focus on successful
aging across multiple domains. Successful aging is thought to be a multidimensional
construct that has been defined in numerous ways, often with reference to a variety of
factors including, but not limited to, physical health, psychological health, and social
health. The construct of successful aging argues against the popular notion that aging
invariably involves a decline in functioning; research in this area suggests the presence
of various factors that may extend the duration of positive biopsychosocial health and
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meaningful experiences as we age. Within this chapter we will discuss definitions of
successful aging, components of successful aging, mechanisms underlying successful
aging including biological factors, as well as social and environmental factors, and
predictors of successful aging.

Definition of Successful Aging

Over the last 50 years, numerous studies have attempted to define successful aging;
unfortunately, outside the nonexistence of disability, there still does not appear to be
a consensus on the optimum definition of successful aging or the best way to
determine if someone is aging successfully. Cicero (106-43 B.C.) a Roman philos-
opher and statesman was believed to be the first individual to assert the notion of
aging successfully through his essay De Senectute (44 B.C.) (Baltes and Baltes
1990). In Cicero’s work, he was able to exemplify that as one grows older, they do
not necessarily decline and can live their life productively and positively. One of the
most commonly cited models of successful aging was proposed by Rowe and Kahn
(1987); they suggested a three-tier model that integrated freedom from disability
along with high cognitive, physical, and social functioning. In their view, successful
aging is the opposite end of the continuum from pathological aging, which is
characterized by disease and debility. Other definitions suggest that successful
aging reflects the degree to which older adults adapt to age-related changes, view
themselves as aging successfully, or avoid morbidity until the latest time point before
death (see Depp and Jeste 2006 for review). These complementary theories view
successful aging from the perspective of life-span development and emphasize
psychological, social, and behavioral processes that are involved in adapting to
age-related declines, disabilities, and losses. These theories also highlight the rele-
vance of maintaining independence in everyday functioning despite physical
limitations.

Given the variability in the definition of the construct of successful aging, it is not
surprising that there is a wide range of prevalence estimates of successful aging.
Across the literature, the reported proportion of successful agers ranges from 0.4% to
95%. This wide range is likely driven by multiple factors such as differing opera-
tional definitions of successful aging, sampling issues, as well as the psychometric
properties of the instruments chosen to measure the construct. Furthermore, the
prevalence of successful aging may also differ across age groups and settings. For
example, in a recent study by Meng and D’arcy (2013), almost 50% of individuals
over the age of 50 were classified as aging successfully, whereas only 37.2% of those
aged 65 and older were classified as successful agers. The authors also reported that
the predicted probability of being a successful ager was 41% for those aged
65—74 years compared to 22% for those aged 85 years and over. Taken together,
these data suggest that there is a sizable minority of older adults who demonstrate
characteristics of successful aging: a finding that highlights the need to carefully
elucidate this construct in aging cohorts.



4 R. Kamat et al.

Further support for the construct of successful aging comes from studies of
various disease groups. For example, a study by our group found a linear improve-
ment in various attributes of mental health beginning in young adulthood and
progressing into older age. This improvement in well-being was noted despite an
accelerated deterioration in physical and cognitive functioning across the same life
period (Thomas et al. 2016). These data suggest that it is possible to be happy and
subjectively rate oneself as having a good quality of life despite poor physical health.
In a study of successful aging in schizophrenia, Cohen et al. (2009) found that in
their sample, 13% of older adults with schizophrenia rated themselves as aging
successfully. This finding suggests that even in individuals with severe mental
illness, subjective successful aging is possible. Similarly, successful aging has also
been demonstrated in cohorts of HIV-infected persons. In fact, a recent study found
that despite worse physical and mental functioning among HIV+ individuals, their
self-rated levels of successful aging were comparable to demographically matched
HIV-uninfected individuals (Moore et al. 2013). Across disease groups, evidence
supporting the potential for aging successfully highlights the continued need to
characterize the components and predictors of this construct.

Components of Successful Aging

Over time there has been an increasing interest in factors that predict successful
aging or positive health outcomes in older adults. Although there are multiple
definitions of successful aging and diverging estimates of its prevalence, this con-
struct has received increasing empirical attention with numerous studies investigat-
ing the nature and predictors of positive states of health and well-being in older
adults. As with the definition of successful aging, there is no consensus regarding
which components are central to the definition of this construct, nor is there
agreement about whether successful aging should be measured objectively by
persons other than the individual or be rated subjectively by older adults themselves.
Not only is this broad construct defined using diverse parameters, but also across the
literature there has been a wide range of suggested designations including “success-
ful aging,” “healthy aging,” or “aging well.” Given these noted discrepancies, there
is a clear need to attain consensus to inform and enhance empirical study of this
construct. These efforts will also have clinical implications, directly impacting
interventions to support successful aging across the life-span. As policy directives
mandate investment in health programs that focus on promoting positive health
states, there is a growing clinical impetus to better understand the components,
mechanisms, and interventions for successful aging.

Biopsychosocial components: A number of biopsychosocial components of suc-
cessful aging have been identified across cohorts of older adults. However, the
manner in which successful aging is operationalized in these studies differs greatly,
which impacts the variables that researchers choose to investigate. In the literature
regarding successful aging, disability and/or physical functioning (commonly mea-
sured by self-reported activities of daily living) is the most frequently discussed
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component. Markers of physiological functioning (e.g., physical and cognitive
functioning/impairment, illness and health status, longevity, mental health) have
also received considerable empirical attention (Cosco et al. 2014).

To complement the data regarding biological components, researchers have
examined psychological, social, and environmental variables that may relate to
successful aging. These include well-being and life satisfaction, social engagement,
personal resources (e.g., level of independence), and extrinsic factors (e.g., environ-
mental and financial resources). For instance, ratings of life satisfaction and well-
being, as well as social and productive functioning, are commonly measured com-
ponents of successful aging (Depp and Jeste 2006). Factors such as hardiness,
coping skills, active social participation, number of friendships, and life satisfaction
appear to be key psychosocial elements of successful aging. These factors speak to
the importance of an individual’s perseverance, social engagement, and sense of
well-being in promoting positive health states. Similarly, behavioral or physical
components of successful aging include participating in healthy behaviors (e.g.,
exercising) while avoiding poor health habits (e.g., tobacco use).

In addition to objective measures of successful aging (as noted above), under-
standing older adults’ subjective experience of what it means to age successfully is
paramount in developing interventions and policy. Self-rated successful aging is a
commonly used variable across research studies and has been positively linked to
greater physical, mental, and emotional health. A focus group study of older adults’
opinions regarding the contributors of successful aging revealed four major factors
related to successful aging: attitude/adaptation (e.g., having a positive attitude,
realistic perspective, and the ability to adapt to change); security/stability as related
to one’s living environment, social support, and financial resources; engagement/
stimulation (e.g., feeling a sense of purpose in life and being useful to others); and
health/wellness. Interestingly, the participants had mixed opinions regarding the
necessity of general physical health and wellness for successful aging. Altogether,
these data suggest that from the perspective of older adults, psychosocial factors may
be more salient components of successful aging as compared to longevity, absence
of disease/disability, and independence (Reichstadt et al. 2007).

Clearly, the construct of successful aging is multidimensional, nuanced, and more
complex than mere survival. Successful aging may be best thought of as developing
and maintaining one’s social, cognitive, and emotional functioning. Despite the
diversity in how the components of successful aging have been investigated across
the literature, there is a growing evidence base regarding the mechanisms underlying
successful aging and its various facets.

Mechanisms Underlying Successful Aging

Biological factors: Growing knowledge regarding the biologic mechanisms of
normal and pathological aging has sparked an interest in characterizing the genetic,
immunologic, and hormonal determinants of successful aging.
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Studies in longevity have provided insights into genetic bases of aging outcomes.
Different approaches have been used, such as examining predictors of individual
life-span, as well as early and late mortality. For example, as noted by Christensen et
al. (2006), late deaths (after 90-100 years old) are thought to be indicative of
successful aging. There appears to be a familial component to longevity as suggested
by the clustering of late deaths in families with many extremely long-living indi-
viduals. However, it is unclear whether this reflects a genetic component or envi-
ronmental impact (e.g., unique environmental exposures during a long life may exert
a positive influence on life-span and health at older ages). Data from twin studies
indicate that genetic differences account for almost a quarter of the variation in life-
span. Interestingly, the magnitude of genetic influences on life-span increases after
age 60, suggesting that certain genes may affect longevity especially in older age.
Candidate genes associated with longevity include the 641C allele in the APOC3
promoter (with the 641C homozygote status being associated with survival) and
microsomal triglyceride transfer protein (MTTP). In the Framingham cohort, PON1
was related to outcomes such as walking speed, living past 65 years of age without
chronic illness, and biological age based on osseographic index (Rana 2010).
Preliminary data also suggest that IGF1R and HFE, two metabolism-related genes,
might be involved in genetic variation in human life-span. Telomere length is
another promising predictor of longevity, with findings of longer telomere length
being associated with late death in humans. However, these results have not been
consistently replicated (Christensen et al. 2006).

The genetic correlates of successful aging have also been explored through the lens
of the stress response. Resilience, or resistance to developing psychological disorders
despite exposure to trauma or stress, is a key facet of successful aging. The serotonin
transporter polymorphism (5-HRRLPR) is a genetic risk factor that is related to the
development of depression and anxiety symptomatology in response to stress. As
such, it is a promising target for studies investigating the genetic underpinnings of
resilience and successful aging. The short form (but not the long form) of this gene is
associated with reduced serotonin transcription and reuptake efficiency and appears to
play a role in various psychological disorders including depression and anxiety.
Interesting, at older ages, the relationship between the 5S-HTTLPR s allele and a
psychopathologic response to stress is weaker; this raises the question of whether
the s allele exerts a detrimental effect on resilience in older adults. In a recent study,
O’Hara and colleagues (2012) reported that although the S-HTTLPR s allele was not
associated with lower emotional resilience in older adults, s allele carriers had lower
cognitive abilities and self-ratings of successful aging. Their findings suggest that
rather than emotional resilience, intact cognition may be more salient with regard to
the subjective experience of aging successfully in older s allele carriers.

Biological processes such as apoptosis, neurotoxicity, oxidative stress, and
inflammatory dysregulation may occur with greater frequency in older adults and
have been shown to play a role in the pathophysiological mechanisms of neurode-
generative diseases such as Alzheimer’s disease. There is growing evidence to
suggest that in successful biological agers, these processes may be slowed down.
This supports the notion that in these older adults, chronological age is not the same
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as “biological age” (i.e., physiologically, their functioning is comparable to younger
individuals). A recent study of 3,044 older adults suggested that maintaining low
levels of systemic inflammation over 5 years may facilitate successful biological
aging by mitigating the likelihood of impaired musculoskeletal and respiratory
functioning and decreasing the risk of developing diabetes (Akbaraly et al. 2013).

Many studies examining the physiological substrates of aging have focused on
the role of stress and stress-related chronic overactivation of the hypothalamic-
pituitary-adrenal (HPA) axis. Stress-induced chronic secretion of cortisol appears
to damage the hippocampus as well as other brain structures. This is particularly
relevant to the aging brain, as hippocampal abnormalities may manifest in impaired
learning and consequent declines in everyday functioning. Not only does chronic
stress contribute to neuroanatomical abnormalities, but it is also related to shortened
telomere length, as well as the upregulation of proinflammatory cytokines. Changes
in telomere length and cytokine levels are risk factors for cellular damage in the
central nervous system (Eitan et al. 2014). While chronically elevated stress levels
have been associated with poor health outcomes in older adults, the same is not true
for mild levels of stress. In fact, low levels of stress may produce positive changes in
the aging brain. This has been demonstrated in studies examining the effects of
physical activity, caloric restriction, and cognitive stimulation; these activities pro-
duce low-grade stress, which activates neurotrophic factors such as brain-derived
neurotrophic factor (BDNF). BDNF plays an important role in learning and higher-
order cognitive functioning; as such, these data suggest that there is a nonmonotonic
relationship between stress and cognitive functioning in the elderly that may be
modulated by neurobiological changes. In summary, these findings showcase the
complexity of the various biologic substrates of aging.

Brain and cognitive reserve: The age-related neurobiological changes described
above have notable implications for the construct of brain reserve, which refers to the
amount of neural damage that can be tolerated while preserving functioning (Stern
2002). It is thought that structural neural characteristics (e.g., density and number of
neurons) determine peak brain volume, which in turn may be associated with brain
injury outcomes such that individuals with greater brain volumes are more resistant
to neurological insults. As such, greater brain reserve may delay the onset of a host of
brain disorders and perhaps slow normal brain aging. The mechanism underlying the
acquisition of brain reserve is not fully characterized, but findings from twin studies
suggest that brain reserve may be heritable. Thus, it is possible that gene expression
may drive neuroarchitectural changes (e.g., cortical thinning, brain shrinkage; Esiri
and Chance 2012) and neurobiological changes (e.g., apoptosis) that impact peak
brain volume.

Cognitive reserve is related to brain reserve and refers to the ability of the brain to
adapt to neural damage via compensation by recruiting alternate brain regions to
perform tasks (Stern 2009). The construct of cognitive reserve is thought to underlie
the preserved cognition noted in individuals who have significant neuropathological
abnormalities postmortem (Snowdon 2003). Compared to brain reserve, cognitive
reserve appears to be a modifiable factor. Individuals who participate in cognitively
stimulating activities, hold intellectually demanding jobs, and have higher levels of
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education typically show greater cognitive reserve (Fratiglioni et al. 2004). In fact,
individuals who participate in cognitively enriching physical, mental, or social
activities appear to have lower risk of Alzheimer’s disease. Relatedly, preliminary
evidence suggests that higher cognitive reserve and brain integrity are linked to
successful aging. It appears that cognitive reserve may be a neuroprotective factor
and promote neural efficiency and neural compensation in the aging brain. Univer-
sally, brain and cognitive reserve theories point to the plasticity of aging brains, a
particularly salient issue with regard to research into the mechanisms of successful
aging. The existing literature suggests that the accumulated effects of exposure to
enriching environments over the course of a lifetime impact brain and cognitive
reserve in older adults. This relationship between neural, behavioral, and environ-
mental factors appears to impact the trajectory of aging across the life-span. Accord-
ingly, this relationship is of considerable scientific interest and foundational to a
multidimensional understanding of successful aging.

Social and environmental factors: A growing body of research suggests that
social and environmental variables may have effects on various aspects of successful
aging. The impact of these factors may have a direct or indirect influence on aging.
For instance, environmental surroundings may influence accessibility to safe areas
for physical activity. A lack of exercise, in turn, may predispose individuals to
obesity and other health-related issues. Low physical activity and obesity have
both been shown to be associated with reduced reports of successful aging (Hodge
et al. 2013). The environment (e.g., air quality) may also modulate risk for health
conditions such as asthma or respiratory infections. In addition, the environment (i.
e., neighborhood) has also been demonstrated to impact access to education (e.g.,
quality of schools) and quality of nutrition (e.g., food deserts, i.c., urban areas with
poor access to fresh, healthy food). Educational resources may drive the extent to
which cognitive stimulation is available and the level of cognitive reserve attained,
whereas access to primarily unhealthy food vendors may alter risk for chronic,
metabolic diseases such as diabetes. In this manner, the environment exerts direct
and indirect effects on various components of successful aging. Consistent with this
theory, exposure to resource-limited settings in childhood appears to have an impact
on adult health. For example, Brandt et al. (2012) found that in a sample of 22,464
European men and women, childhood living conditions were independently associ-
ated with elders’ odds of aging well even after controlling for demographic variables
and later life risk factors. This suggests the importance of examining environmental
resources available to an individual across the life-span when investigating pre-
dictors of successful aging.

The environment also has a direct impact on social functioning. Many investiga-
tors have emphasized the important influence of social factors on the capacity of
individuals to age successfully. These include personal characteristics such as race,
gender, sexual orientation, and socioeconomic status. The individual’s interpersonal
environment (e.g., friendships and family structure) also exerts influence on social
functioning (Rowe and Kahn 2015). Previous studies have suggested that social
connectedness (e.g., the number of close personal contacts or relationships) may
predict successful aging and a lack of physical disability. In addition to social
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interaction, participation in social activities has been shown to have a beneficial
effect on happiness and everyday functioning while reducing risk of mortality
(Hodge et al. 2013). Additionally, important social relationships such as family
and friends may serve to boost an individual’s sense of self-worth and mastery,
both of which promote health maintenance and well-being. There are many reasons
that may explain the association between social relationships and aging successfully.
Supportive social networks may facilitate an individual’s efforts to reach health-
related goals and promote healthy behaviors (Cherry et al. 2013). It is also thought
that the relationship between social functioning and successful aging may be medi-
ated by factors such as cardiovascular health and systemic inflammation. For
example, higher levels of social engagement appear to be related to lower C-reactive
protein concentrations (Loucks et al. 2006), which signals lower levels of inflam-
mation. These findings, taken in the context of prior studies that demonstrated the
relationship between social engagement and coronary heart disease, suggest a
biologic mechanism for the negative health outcomes associated with low social
integration (Loucks et al. 2006). As a whole, there is growing evidence supporting
the notable impact that social and environmental factors encountered throughout the
life-span have on successful aging in late life.

Predictors of Successful Aging

Demographic predictors: The identification of the predictors of successful aging has
the potential to guide future intervention approaches. As such, a great deal of
research has focused on identifying characteristics that are associated with aging
successfully. It appears that the subjective experience of well-being is critical for
successful aging. In fact, Jeste and colleagues (2013) found that older age was
associated with higher self-ratings of successful aging, despite worse physical and
cognitive functioning. Their results suggested the role of key mental health factors
(e.g., resilience) that may modulate the relationship between age and perceived
successful aging. Other demographic variables such as social economic status,
level of education, marital status, gender, and ethnicity have also been investigated.
There is reason to believe that these factors interact in a complex manner to impact
the course of aging. For instance, individuals with higher levels of education may
have better employment opportunities and therefore better financial and social status
as adults. Higher levels of education and consequent access to improved occupa-
tional opportunities may also have a positive effect on health by reducing exposure
to hazardous environments and physical strain. Similarly, income appears to be
associated with better health in older age; however, it is not clear whether income
is a mediator of health rather than a predictor of unhealthy aging (White et al. 2015).
Also of interest is the impact of gender on successful aging. Although women
typically have longer life expectancies, they have higher rates of illness and disabil-
ity. The differential rates of healthy aging across genders may be partially driven by
socioeconomic differences between men and women, which are possibly a function
of educational, occupational, and financial disparities (White et al. 2015).
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Cognitive functioning: Cognition is another predictor that has received empirical
attention in the successful aging literature. Although it has been investigated as a
predictor of successful aging, it has often also been used as a marker of this
construct. For example, a number of studies have operationalized successful aging
as the absence of moderate to severe cognitive impairments into older age. To date,
we know more about the predictors of preserved cognition rather than the various
trajectories of cognitive decline and how they are related to healthy aging markers
downstream.

It is well known that the lifetime risk of cognitive impairment increases with age;
there is growing interest in characterizing the heterogeneity of longitudinal patterns
of cognitive changes in adulthood. In fact, there appear to be three subgroups of
older adults: one group with long-term maintenance of cognitive function into old
age, a second group with mild declines akin to normal aging that do not progress to
dementia, and finally a third group with dementia (Barnes et al. 2007). The presence
of these varied trajectories raises an interesting question: can modifying key factors
earlier in life can alter an individual’s course of aging? For this reason, identifying
the predictors of intact cognition has been an area of continued empirical study.
Preliminary evidence suggests that better physical health, fewer medical
comorbidities, engaging in healthy behaviors, and a high level of social engagement
are associated with maintenance of optimal cognitive function at a future time point.

With regard to the association between cognition and successful aging, we know
that the maintenance of intact cognition in older age is essential to preserving
independence and quality of life, avoiding disability, and attaining longevity. It is
likely that this relationship is reflective of necessary higher-order cognitive skills that
support the execution of complex everyday functioning tasks such as medication
management, social participation, and driving. These activities, in turn, contribute to
improved health-related quality of life and physical functioning, which are both
markers of successful aging. As such, it is not surprising that groups of individuals
who show normal aging, mild cognitive impairments, and dementia would also
differ on indices of successful aging. While we know that global cognitive func-
tioning is related to successful aging, it is still unclear whether specific domains of
cognition are differentially important for aging successfully. For example, it may be
the case that preserved executive functioning and memory are more salient in terms
of maintaining a robust quality of life into older age, while declines in processing
speed or motor functioning can be compensated for, to some extent, and have a lesser
detrimental effect on markers of successful aging. This issue has received limited
empirical attention and warrants a closer analysis given the implications for devel-
oping interventions to target specific cognitive domains.

Physical functioning: In addition to demographic variables and cognition, much
attention has been devoted to health-related predictors. Markers of physical func-
tioning such as the absence of arthritis and hearing problems, hypertension, and
medical comorbidities appear to be strong predictors of aging successfully. This
relationship likely reflects the positive impact of the absence of disability on
maintenance of independence in activities of daily living and robust quality of life,
which in turn is associated with greater subjective experience of successful aging
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(Montross et al. 2006). In addition to health-related predictors, lifestyle factors such
as preserved daily functioning, physical activity level, and being a nonsmoker are
also related to aging successfully.

It has long been known that engaging in multiple unhealthy behaviors (e.g., lack
of exercise, smoking) is associated with a higher risk of early mortality, chronic
disease, and cognitive impairment. The critical question is whether participation in
healthy behaviors has a protective effect on the course of aging. Recent studies have
demonstrated that engaging in healthy behaviors (e.g., increased physical activity,
consumption of nutrient dense food) is associated with greater odds of aging
successfully. In a large cohort of the British men and women, never smoking,
moderate use of alcohol, daily consumption of fruits and vegetables, and participat-
ing in some physical activity predicted how successfully the participants aged over a
16-year time period (Sabia et al. 2012). Healthy behaviors impacted all four aspects
of successful aging that were examined (i.e., cognitive, mental, respiratory, and
cardiovascular health). These findings indicate the positive impact of modifying
lifestyle variables, not only to reduce mortality and morbidity but also to improve
quality of life in older adults (Jeste et al. 2015).

Participation in leisure activities is related to physical health and is a predictor of
well-being. Leisure is typically defined as an enjoyable activity performed in one’s
free time; leisure activities may include physical activities like walking, cognitive
activities like crossword puzzles, creative activities such as painting, or passive
activities such as watching television. It may also include social activities such as
spending time with friends. Many studies have demonstrated the negative impact
that physical illness has on leisure activities, but there is a growing interest in
characterizing the benefits of continued leisure participation into older age. Montross
and colleagues (2006) found that the number of close friends, as well as frequency of
reading, listening to the radio, and visiting family, was associated with self-ratings of
successful aging, thus highlighting the relationship between leisure activities and
subjective well-being.

These findings are complemented by prospective studies of older adults, which
have shown that engaging in various leisure activities such as visiting restaurants or
playing cards is associated with positive outcomes such as lower mortality, morbid-
ity, and increased longevity. It has been theorized that the playfulness that stems
from leisure activities buffers against sadness and stress. Additionally, the social
support obtained by participating in group leisure activities may provide older adults
with a rich, protective feeling of belonging and increased resilience when coping
with age-related stressors (e.g., losing a spouse; Son et al. 2007). Hutchinson and
Nimrod (2012) demonstrated that older adults were more likely to seek out leisure
activities depending on (1) their beliefs in personal responsibility for their health, (2)
their beliefs in personal abilities to care for their health, (3) acceptance of their
health, and (4) their history of participating in leisure activities. The authors found
that even older adults with chronic conditions were motivated to find ways in which
they could compensate for their physical limitations and continue to participate in
leisure activities. The level of participation was associated with markers of success-
ful aging such as maintaining engagement with life. Altogether, these data support
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the important role that preserved physical functioning, whether through leisure or
healthy behaviors, can play in promoting successful aging.

Mental health functioning: The role of sustained positive mental health in aging
successfully is also of great interest, as it is a potentially modifiable factor. There
appears to be an association between age and depressive symptoms. Older adults often
experience clinically significant depressive symptomatology, even though they may
not meet criteria for major depressive disorder. Often, these nonmajor forms of
depression are classified as “subthreshold depression” or “subsyndromal depression.”
The prevalence of subthreshold depression ranges from 8.8% to 21.3% (Vahia et al.
2010). Subthreshold depression is associated with numerous negative outcomes.
These include increased healthcare utilization, risk of future major depressive disorder,
suicide, disability, as well as declines and overall functioning and health-related
quality of life (Vahia et al. 2010). In cohorts of older adults, higher prevalence of
depressive symptoms also appears to be associated with increased incidence of
cognitive impairment (i.e., both mild cognitive impairment and dementia; Goveas et
al. 2016).

With regard to successful aging, one study showed that in a group of older
women, subthreshold depression was associated with lower scores on various
markers of successful aging. The components of successful aging examined in this
study included optimism, resilience, health-related quality of life, and subjective
cognitive difficulties (Vahia et al. 2010). There was a stair-step relationship between
depression and successful aging such that the nondepressed group had the highest
scores on markers of successful aging, the group with subthreshold depression had
intermediate scores, and the depressed group showed the lowest rates of successful
aging. The above finding that individuals with subthreshold depression have higher
levels of disability and are aging less successfully than individuals who do not
demonstrate any depressive symptoms has significant clinical implications. While
subthreshold depression is considered prevalent in older adults, it frequently goes
unrecognized by clinicians, and, consequently, individuals do not receive the treat-
ment they need to alleviate their mood symptoms. Vigilant detection and manage-
ment of mild depressive symptomatology is crucial for overall health in older adults
and has the potential to reduce morbidity and improve the likelihood of aging
successfully.

In addition to depression, resilience is another aspect of mental health functioning
that is closely associated with successful aging. Resilience is conceptualized as an
internal psychological resource or the “ability to bounce back from the variety of
challenges that can arise in life” (Campbell-Sills and Stein 2007; p. 1026). It is theorized
as comprising the characteristics of equanimity (i.e., a balanced perspective of life),
meaningfulness (i.e., a sense of purpose in life), perseverance, existential aloneness (i.e.,
recognizing one’s unique path and accepting one’s life), and self-reliance (Wagnild
2003). Across cohorts of different ages and disorders, resilience has been found to be a
buffering factor that protects against psychological distress. In a large, community-
based study of self-rated successful aging, the positive effect of resilience on successful
aging was comparable to that of physical health (Jeste et al. 2013). This suggests that
increasing resilience may be as effective as physical health with regard to facilitating
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successful aging. Similarly, higher levels of resilience have also been reported to
protect against the negative influence of new medical disorders in older adults
(Manning et al. 2014). Not only does resilience protect against declines in physical
health, there is some evidence to suggest that high levels of resilience contribute to
longevity; in fact, centenarians have been shown to be more resilient than any other
age group (Zeng and Shen 2010).

The construct of resilience has particular relevance in understanding the counter-
intuitive relationship between health status and self-reported successful aging.
Across studies, researchers have found that regardless of suboptimal health status,
older adults often report that they are aging successfully. (This concept was briefly
noted earlier in the chapter and is coined The Paradox of Aging.) Over the past two
decades, there has been a growing effort to characterize the moderators of this
unexpected relationship; resilience appears to be a central factor. One study demon-
strated that in older adults, resilience influenced the role perceived stress played in
the relationship between mental health status and self-rated successful aging (Moore
et al. 2015). The authors found that higher levels of resilience appeared to have an
intervening role on perceived stress, reducing the strength of the relationship
between poor mental health and decreased levels of self-rated successful aging.
Clinically, these findings suggest that experiencing high levels of stress can have a
detrimental effect on physical health and indirectly decrease subjective well-being.
In addition, these data highlight the important role of resilience as a moderator of
poor health status and psychological well-being. Resilience has also been linked to
higher cognitive functioning and more positive views of aging. Accordingly,
increasing one’s ability to adjust and adapt to stressful situations (increase resilience)
may have an impact on both physical and mental health. Such interventions may
target goals such as increasing social connectedness, increasing a sense of mastery,
and promoting spiritual grounding.

Positive traits: As evidenced by the growing interest in characterizing the role of
resilience in promoting well-being, the focus of research is now shifting from deficit
models focused on mental illness toward strength-based models focused on mental
health as predictors of successful aging. As such, constructs such as optimism,
spirituality, and wisdom are getting closer empirical attention. Optimism refers to
an individual’s expectation of positive outcomes across different situations and over
time. Multiple studies have shown that optimism is associated with reduced number
and intensity of physical symptoms, lower depressive symptoms, and better post-
surgical outcomes. In older adults, data supporting the relationship between opti-
mism and positive outcomes are mixed. Brenes and colleagues (2002) demonstrated
that pessimism (i.e., the expectation that things will consistently go badly) but not
optimism was correlated with daily activities such as walking, climbing stairs, and
lifting. This study suggests that pessimism and optimism are two orthogonal dimen-
sions, not just polar opposites of the same trait. It also suggests that pessimists may
choose less adaptive coping strategies or behaviors (e.g., seek treatment less often or
not adhere to treatment). In contrast, Bowling and Iliffe (2011) found that an
individual’s level of optimism as well as perceived self-efficacy predicted ratings
of quality of life at a 7-8-year follow-up. Comparing these two contrasting findings
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raises the possibility that older adults who are optimistic about future outcomes may
not necessarily engage in specific health-promoting behaviors, but they may con-
tinue to perceive themselves as having a high level of well-being despite physical
difficulties associated with aging. On the other hand, individuals who take a pessi-
mistic view may engage in less healthy behaviors that lead to poor health outcomes
and worse quality of life as they age.

Similar to the buffering role of resilience and optimism in moderating stress,
religious involvement has also been shown to facilitate adjustment to stressful
situations. Participating in active spiritual coping strategies such as private prayer
has been associated with greater levels of optimism and may result in improved
quality of life (Ai et al. 2010). Religiosity and spirituality appear to promote a sense
of purpose, value, and meaningfulness in older adults, all of which are important
aspects of well-being (Lawler-Row and Elliott 2009). Independent of demographic
factors (e.g., age, gender), religious participation, social support, and spirituality or
existential well-being (not necessarily tied to an organized religion or practice)
predicted health outcomes in a study of older adults (Lawler-Row and Elliott
2009). The authors also found that individuals with higher levels of existential
well-being had lower rates of depression and higher levels of subjective well-
being. These data suggest that having a sense of purpose and meaning that comes
from spirituality and religious practice may positively contribute to physical and
mental health. Whether the relationship is mediated by social support or engaging in
healthy behaviors or some other aspects remains to be fully characterized.

Wisdom, which in folk psychology is thought to increase with age, has also been
examined in the context of successful aging. Wisdom is a holistic, multidimensional
trait thought to encompass knowledge, good decision-making abilities, and also
prosocial values and actions. Specifically, the subcomponents of wisdom include:

(1) Social decision-making and pragmatic knowledge of life as related to social
reasoning, ability to give good advice, life knowledge, and life skills

(2) Prosocial attitudes and behaviors such as empathy, compassion, warmth, and a
sense of fairness

(3) Reflection and self-understanding, which encompasses introspection, insight,
intuition, and self-awareness

(4) Acknowledging and coping with uncertainty

(5) Emotional homeostasis, i.e., affect regulation and self-control (Bangen et al. 2013)

Biological studies of wisdom suggest that aspects of this construct (e.g., prag-
matic life knowledge, emotional homeostasis, and processing ambiguity) may be
subserved by brain regions associated with emotionality and immediate reward
dependence (e.g., prefrontal cortex, anterior cingulate cortex, and amygdala; see
Meeks and Jeste 2009 for review). Importantly, the relative weighting of the different
subcomponents of wisdom may depend on the individual’s culture (e.g., depending
on the cultural context, the importance of introspection or social decision-making
may vary). In older adults, wisdom appears to be related to multiple positive states
including better physical health, greater quality of life, and better quality of social
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relationships (Ardelt 1997; Ardelt and Edwards 2001). Wise elders identify the
importance of recognizing the physical declines that accompany old age and yet
continuing to engage with life. As such, wisdom may promote successful aging by
facilitating the acceptance of the realities of aging and mortality while continuing to
live a meaningful life (Ardelt et al. 2013).

This review of the literature regarding the varied predictors of successful aging
clearly demonstrates the complex relationships among these factors. For example,
participating in leisure activities may exert a positive influence on aging by boosting
resilience (a positive psychological trait), building cognitive reserve through engage-
ment, and/or by promoting physical activity and thus improving physical health.
These complex interactions have not yet been disentangled, and future research
should clarify the associations among these variables and their relative influence on
successful aging.

Strategies and Interventions to Promote Successful Aging

While much of the research in the area of successful aging has focused on the
underlying factors that promote this construct, a growing body of work has begun to
assess interventions to improve upon the typical trajectory of aging. A major
limitation in examining the evidence base regarding the effectiveness of various
successful aging strategies is the lack of consensus regarding the definition of
successful aging. Taking this into consideration, Harmell et al. (2014) defined a
“successful aging strategy” as an intervention or potentially modifiable characteristic
that is intended to enhance the functioning of normally aging older adults. Numerous
strategies for successful aging have received empirical attention, and they are
described below.

Physical activity: The benefits of physical activity in aging cohorts have been
long established, with longitudinal studies demonstrating that greater exercise par-
ticipation predicts lower risk of mortality, disability, cardiovascular disease, osteo-
porosis, and certain types of cancer. As such, the American College of Sports
Medicine recommends at least 30 min of exercise 5 days/week to obtain health
benefits. Not only is physical activity associated with improved health, it is also a
predictor of better cognitive outcomes. Research findings have shown a relationship
between higher levels of physical activity and lower levels of cognitive impairment
concurrently and also at an 18-month follow-up (Harmell et al. 2014). Additionally,
physical exercise also appears to enhance emotional functioning in older adults.
Overall, there is substantial support to suggest that physical activity across the life-
span has beneficial effects on various facets of successful aging.

Numerous randomized controlled studies have examined the effectiveness of
increasing physical activity on a variety of markers of successful aging in older
adults. The exercise modalities studied have included aerobics, strength training, and
resistance exercises. In a recent study, Klusmann and colleagues (2012) demon-
strated that engagement in physical exercise reduced dissatisfaction in a cohort of
older women. This is a promising finding that supports participation in new physical
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activity programs as a strategy to positively modulate negative mood. Similarly,
moderate exercise in mid- and late life may reduce the risk of mild cognitive
impairment and dementia (Ahlskog et al. 2011).

Exercise appears to have the most prominent benefit on executive functioning and
verbal memory; however, it remains to be seen how long these effects persist and
whether there is a dose effect with regard to benefit in other cognitive domains.
There is also evidence suggesting that exercise results in neuroanatomical changes
such that sustained aerobic activity over 6 months was shown to increase gray and
white matter volume in previously sedentary older adults (Colcombe et al. 2006). It
is likely that exercise improves brain functioning by promoting neurotrophic factors
and reducing inflammation as well as oxidative stress. With regard to the antide-
pressant effect of exercise, it has been theorized that exercise may increase levels of
neurotransmitters such as serotonin and norepinephrine, boost dopaminergic activ-
ity, and elevate endogenous opioids. From a psychological perspective, exercise is
thought to boost a sense of mastery and self-efficacy. It may also improve mood and
psychological functioning via behavioral activation.

Although there is growing empirical and clinical attention to the benefits of
physical activity for older adults, this segment of the population continues to have
low rates of physical exercise. Indeed, older adults have unique barriers (e.g., pain,
fear of injury or falls, lack of a peer group to exercise with) that lower their
participation in physical activity. These issues warrant consideration prior to
implementing public health interventions to increase physical activity in older
adults. Another issue that must be addressed in future research pertains to improving
the adherence of older adults to exercise and sustainment over time. Addressing
these barriers has implications for how physical activity may be deployed as an
intervention for successful aging in the future.

Dietary change: Diet and nutrition-based interventions are the most frequently
studied strategies for extending the life-span in animal models of aging. In humans,
studies have demonstrated that high calorie diets and obesity are risk factors for
dementia. As such, it is not surprising that there has been an increase in the empirical
attention given to dietary interventions. Of note, the findings supporting the use of
dietary supplements have been mixed. For example, diets supplemented with folic
acid, omega-3 fatty acids, and antioxidants have been associated with better cogni-
tive functioning, while other supplements such as ginkgo biloba and vitamin D have
not shown significant benefit for cognition. On the other hand, dietary patterns such
as the Mediterranean diet, which includes high consumption of fruits and vegetables,
high ratio of polyunsaturated to saturated fats, and foods with low glycemic load,
have been shown to be associated with reduced depressive symptoms and lower risk
for cognitive impairment.

Based on findings from animal research that support the relationship between
caloric restriction and longevity, small trials among humans involving reduced
caloric intake compared to baseline have shown improvements in markers such as
blood pressure, cholesterol levels, body mass index, and triglycerides (Bordone and
Guarente 2005). It is thought that caloric restriction reduces oxidative stress pro-
duced by energy metabolism and also changes insulin sensitivity. Furthermore,
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caloric restriction may trigger the release of neurotrophic factors such as BDNF that
are positively associated with longevity. The exact mechanism through which
dietary changes impact successful aging is yet to be characterized, and it is very
likely that other factors such as genetic makeup and gut microbiota will play a role in
explaining this complex relationship between diet and aging outcomes.

Cognitive stimulation: The growing evidence regarding neuroplasticity being
preserved as people age has driven the development of cognitive interventions to
delay or slow the progression of cognitive decline. Consequently, older adults are
increasingly being encouraged to engage in cognitively stimulating activities such as
reading, solving crossword puzzles, and playing board games. In individuals without
cognitive impairment, there does appear to be a positive effect of cognitive inter-
ventions on cognitive functioning (Vahia et al. 2010). Reijnders and colleagues
(2013) reviewed 35 cognitive intervention studies and found that cognitive training
in older adults with or without cognitive impairment can be effective in improving
objective cognitive functioning. The authors reported a varied range of approaches
that were used in these studies, including computerized training, teaching memory
strategies, training metacognitive skills, or promoting selective attention skills.
Overall, they found improvements in the domains of memory, executive functioning,
processing speed, attention, and fluid intelligence. As a result of these interventions,
participants’ subjective cognitive complaints also appeared to decrease.

Investigators have also explored computerized approaches to improve cognition;
however, the results supporting this modality are mixed. In some studies computer-
ized training via videogame-like platforms appeared to have a beneficial effect on
multitasking and processing speed, although in others such an approach did not
improve visuospatial navigational skills or memory (Pieramico et al. 2014).

Despite these interesting preliminary findings, a major gap in the literature is
whether these improvements on laboratory measures of cognition generalize to real-
world settings where individuals must execute everyday functioning tasks that tap
multiple aspects of these cognitive domains. Another concern is the rapid increase in
commercially available products that claim to improve cognition in older adults; many
of these tools lack rigorous empirical studies regarding their validity, reliability, and
efficacy. Taken as a whole, there are some important issues that are yet to be thoroughly
examined in the context of cognitive interventions. First, we need to increase our
understanding of the causal effects of these cognitively stimulating activities on slowing
or delaying cognitive decline. Second, future research should investigate what types of
cognitive activities have the best cognitive outcomes, and relatedly, what frequency of
interaction is necessary for cognitive gains. Finally, the mechanisms of the interventions
and stimulating activities, whether through structural changes in the brain or alteration
in neural activity and circuits, should be characterized.

Social engagement: Across the life-span, social engagement has been found to
have positive effects on health and well-being. Social engagement can be defined as
being socially and emotionally connected with others such as family members,
friends, or the community (e.g., fellow religious organization members). A recent
meta-analysis found that social engagement was a strong protective factor for
multiple levels of health (i.e., physical, mental, emotional; Holt-Lunstad et al.
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2010). The level of social engagement appears to have a positive effect on health-
related quality of life (Cherry et al. 2013). Promoting social engagement and
reducing social isolation have been the target of multiple intervention studies. Across
studies, different approaches have been including improving social skills, enhancing
social support, and facilitating access to peer groups. An important issue to consider
when implementing such social engagement interventions is environmental barriers
(e.g., limited mobility, transportation resources) that older adults encounter. A novel
intervention program called The Seniors Centre Without Walls targets the social
needs of older adults who are socially isolated due to financial, geographical, or
physical restrictions (Newall and Menec 2013). As part of this program, older adults
participate in a phone conference, which is facilitated by a leader who provides
general aging-related educational information. The conference provides the partic-
ipants with an avenue to connect with others in the community and make new
friends. Participation in this program was associated with increased happiness and
lowered loneliness and depression. These findings suggest that even remote or non-
face-to-face approaches to social interaction can have a beneficial effect on aspects
of successful aging.

Given the strong relationship between environmental and social factors and
successful aging, it is critical that these variables be considered when planning and
developing communities for older adults. As such, there is a growing interest in
establishing community-wide projects to change built (physical) and social environ-
ments so that older adults do not encounter barriers to social participation (Scharlach
and Lehning 2013). These modifications may include establishing transportation
assistance, providing sidewalk benches, creating community senior centers, and
hosting social, cultural, or recreational events. Such approaches are critical to
building age-friendly cities that promote active aging and enhance quality of life
by providing resources for health, social participation, and security to older adults.
The development of age-friendly cities reflects a large-scale intervention aimed at
providing resources to individuals across the life-span that target critical facets of
successful aging (Jeste et al. 2016).

Technology: Another avenue to address the social and environmental aspects of
successful aging may be through technology. The ongoing technological revolution
shows promise with regard to transforming experience of aging by addressing key
social and environmental issues that are salient to older adults. For instance, new
computer-based technologies have the potential of helping older adults communicate
with relatives and friends who live far away, thus enhancing their social functioning.
Another approach to maintaining existing social ties and engagement is by enabling
older adults to age safely and successfully in their own homes. Novel technologies
such as sensors and monitors are also being used to ensure that older adults can
continue to live safely in their own homes despite declines in physical ability. An
important issue, of course, is whether older adults can or will adapt to these new
technologies. Early data suggest that older adults do in fact adopt novel information
and communication technologies and they are increasingly proficient in using these
services. These are promising findings that support the development and deployment
of exciting new technological approaches to promote well-being in older adults.
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Conclusion

In this chapter, we have attempted to deconstruct the various components of suc-
cessful aging and the underlying mechanisms of successful aging including biolog-
ical, social, and environmental factors and reviewed predictors of successful aging
and various strategies that may increase the likelihood of aging successfully. At
present, there is no consensus regarding the definition of successful aging, nor is
there a gold-standard measure to assess this construct. Nonetheless, researchers
agree that this multidimensional concept that includes physical, cognitive, social,
and psychological well-being warrants close attention. The mechanisms of successful
aging appear to be reciprocal in nature, and there is a great need to study the interplay
between the observable environmental and biological substrates. The predictors of
aging successfully also have a complex relationship with one another and various
facets of this construct. Further disentangling these relationships has the potential to
inform future interventions to promote successful aging across the life-span.
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Abstract

The relevance of social factors and not only biological and psychological factors
is now considered to be a truism in present-day psychiatry. Aging is certainly
related to physiological changes the body goes through during the life course but
is also influenced by the social norms and expectations pertaining to different
periods in the individuals’ life. The purpose of this chapter is to address both
empirical data and theoretical background studied in the discipline sociology of
aging. This discipline seeks to understand the social aspects in the process of
aging and the challenges encountered as seniors grow older. Different sociolog-
ical aspects are relevant for psychiatrists; this chapter is written by clinicians, and
the emphasis will be placed in sociological subjects relevant to geriatric psychi-
atrists in particular.

The sections in this chapter review the process of aging, the biological facts,
the cultural attitudes, and the social implications, including distinctive social
situations in elderly individuals, such as the differences in men/women, retire-
ment, potential dependency, and problems related to caregivers or to economic
difficulties. The aging in the population is approached to explain demography
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changes, including those related to marital status, migration, educational level, or
socioeconomic status. Furthermore, this chapter reviews some specific challenges
for the elderly, including the ageism, abuse, and stereotypes, and analyzes
classical sociological theories of aging. This chapter ends by portraying potential
guidelines for actions on aging.

Keywords
Sociology * Aging ¢ Theories ¢ Geriatric psychiatry ¢ Ageism ¢ Stereotype
* Elderly
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Introduction

The Relevance of the Sociology of Aging in Geriatric Psychiatry

The relevance of social factors and not only biological and psychological factors is
now considered to be a truism in present-day psychiatry. There is substantial
evidence that social problems serve as risk factors for mental health disorders and
as contingencies that influence the course and outcome of psychiatric disturbances
and determine to some extent the use of mental health services (George 2009). This
may be particularly pertinent in elderly patients. Aging is certainly related to
physiological changes the body goes through during the life course but is also
influenced by the social norms and expectations pertaining to different periods in
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the individuals’ life. Life expectancy has increased in recent years, particularly in
Western countries, as the result of medical advancements but also as a result of social
advances that made possible a health improvement. The purpose of this chapter is to
address both empirical data and theoretical background studied in the discipline
sociology of aging, which seeks to understand the social aspects in the process of
aging and the challenges encountered as seniors grow older (Harris 2007). It is
pertinent here to remember the unique place psychiatry occupies in scientific med-
icine, as was described brightly by Jaspers: Psychiatry needs the “natural sciences”
but also the “sociocultural sciences,” including sociology (Jaspers 1997). This is the
beauty of the discipline, but it is also a challenge. More recently, in the Johns
Hopkins Hospital “Perspectives of Psychiatry,” McHugh and Slavney (1998) have
convincingly argued about the need of models strongly influenced by the Jasperian
tradition, to accompany the “medical” or “disease” model.

This chapter is written by clinicians, and the emphasis will be placed on socio-
logical subjects relevant to clinicians, to geriatric psychiatrists in particular. Indeed,
they should be interested in the social aspects of aging in relation to psychopatho-
logical disturbances. Together with the biological processes, they should be
concerned with the social problems encountered in this period of life and their
potential to cause or be the consequence of psychiatric disturbances. In fact, from
the sociological field, it has been discussed how both economic and social hardships
contribute to different health outcomes and potentiate the risk of poor health when
combined (Ahnquist et al. 2012). Even from the positivist view and the biological
perspective, it is now acknowledged the influence of environmental factors in
conditions with strong genetic background. Clinicians should also be aware of the
attitudes and beliefs about the aging process, because of the potential implications
for the mental health.

The Process of Aging: Biological Facts
Social Implications and Cultural Attitudes

Stages of Aging

There is no generalized acceptance to define the old age. The World Health Orga-
nization admits that 65 years old is the commonly accepted definition in most
advanced nations, but it suggests a limit somewhere between 50 and 55 years old
for developing nations (WHO 2012). In any case, the limits of grouping the elderly
according to chronological age are obvious. A crucial aspect to consider here is the
component of social construction in the way individuals and nations define who is
elderly; the shared meaning of the concept is created through interactions among
people in society and may therefore vary in different cultures. This is exemplified by
the cliché that you are only as old as you feel. Still, it is obvious that both from the
physical and the psychological point of view, the life experience of a 65-year-old is
very different from that of a 90-year-old. In relation to this, it is now common to



Table 1 Biological changes in the old age
Some functional physiological changes
(Wide individual differences)
| Function in organs/systems, generalized
| Vitality, progressive
| Ability to cope with stress
— Frailty/vulnerability
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Morfological and functional brain and
CNS changes

| Weight

| Volumen (atrofy)
Fibrosis

Rigidity cerebral arteries

| 0, and glucose consumption
| Motor efficiency
Changes in sleep pattern

divide the elderly population in three subgroups: the young-old (approximately
6574 years), the middle-old (ages 75-84 years), and the old-old (over age 85 years).
It also influences the view on the dichotomy of the so-called Third Age and
Fourth Age, although both are subjected to important variation and evolution. The
former, generally defined as the span of time between the ages of 65 and 80+, has
been considered by many to be the “golden years” of adulthood. Following retire-
ment and the beginning of age-imposed physical, emotional, and cognitive limita-
tions, there is a period with fewer responsibilities (e.g., career and family rearing)
than before, and, particularly with reasonable financial resources, this may be a
period of good physical and psychological health, with the potential offers for self-
fulfillment and accomplishment. On the contrary, in the so-called Fourth Age, it is
more typical to find biological and functional decline, including a period when most
individuals experience non-pathological cognitive descent. The preservation of
functional capacity is more difficult, and the probability of having multi-morbidity
increases substantially, although older adults may display an adaptative potential to
effectively solve problems and regulate emotions (Blanchard-Fields 2009).

Biological and Psychological Changes in the Elderly

The term “senescence” refers basically to the biological aging, the gradual decay in
function the living organisms go through. Biological, inevitable changes occur in the
old age. Table 1 summarizes some commonly described in humans, although the
specific changes are a matter of controversy and it is obvious that there are wide
individual differences. The important fact is to recognize that changes take place,
and adaptation is necessary.

While the psychological changes in the elderly are also a matter of controversy,
particularly because the literature often emphasizes the negative kind of changes,
there are modifications in both cognitive style and copying style requiring adapta-
tion. It is commonly accepted that the elderly live intensely their memories and
reminiscences, are more introspective and reflexive, may have important health
concerns, and are certainly aware that death is approaching. However, acceptance
and resignation are marked psychological resources that may serve adaptation
purposes. From the psychodynamic perspective, Erikson has described in older
adults what he calls the “maturity” phase, a period of wisdom, reflection on life,
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Table 2 The components

- Nutritional status Weight loss
of frailty Energy Exhaustion
Physical activity Leisure time activity, decreased
Mobility Gait speed, slow
Strength Grip strength, decreased
Psycho-social Vulnerability, social disengagement

and the sense of fulfillment, although psychosocial conflict may also arise in the
form of regret and despair.

In relation to the biological changes, it is also an inevitable consequence of aging;
at some point a poor physical health may be accompanied by poor psychological
health. “Frailty” is a modern medical term to describe the vulnerable situation the
oldest adults may reach at some point. This concept has grown in importance in
medicine and is now a priority because of a need for a better understanding of the
health and functional status of older persons and a need to prevent or at least delay
the onset of late-life disability and its adverse consequences. While there is no
consensus regarding the definition of frailty (Romero-Ortuno and O’Shea 2013),
several biological domains are commonly included in the concept (Table 2), which is
widely accepted in the medical field. A crucial point is that this construct identifies a
phenotype of older persons at elevated risk for numerous adverse outcomes
(Rodriguez-Maiias et al. 2013). Nevertheless, “frailty” also implies a psychosocial
vulnerability and should also be a matter of social concern. The dynamic concept of
frailty developed by Rockwood recognizes a complex interplay of assets and
deficits, “medical” and “social,” that maintain or threaten independence (Rockwood
et al. 1994).

Sociological Implications of Changes in Old Age

Since chronological age does not necessarily coincide with health status, it is
difficult to decide at a population level when social alert should start, but the
biological alert might begin on those individuals aged 75 years or more, and
particularly on those 85 years or more, in relative coincidence with the “Fourth
Age,” a time of frailty and vulnerability but also of “social disengagement.” It is at
this point when families and the care system must be prepared to cope, not only with
the medical side of the problem but also with the social side. Attitudes and habits
may importantly influence the possibilities given to the elderly, but also individuals
themselves may strongly influence the limits they impose in themselves. In unde-
sirable cases, an “auto-stereotype” could result with the restriction in activities in
such a way that is not supported by the biological state of the individual
(Stuckelberger et al. 2012).

Distinctive Social Situations in Elderly Individuals

Particular situations occur in the old age, susceptible to become challenges for the
elderly and therefore linking with specific sections discussed in the following
paragraphs.
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Gender Differences

As a result of demographic changes described in the following section, there is a
clear imbalance in the sex ratio of men to women in the population, which is
increasingly skewed toward women as people age (WHO 2003). The differences
in life expectancy may have important social implications, since the old-old popu-
lation is the cohort with the greatest needs for care, and therefore women are more
affected. Moreover, an economic imbalance may exist. Women have in general less
retirement benefits because many did not work outside the household, and the ones
having been employed may have earned less on average than men.

In relation to this, it is inevitable to consider the potential implications for
psychiatry. Older women report higher levels of psychiatric symptoms, especially
depressive symptoms, than do men (De la Camara et al. 2008), although there is
some conflicting data related to the differences by sex on the incidence of major
depression among older adults (Schoevers et al. 2000).

Retirement

An achievement of Western civilization is the fact that most people in developed
countries have now the expectation that at some point in the aging experience they
will stop working and enjoy a retirement plan and some kind of pension. The main
challenge of pension policies is to combine the adequacy and the financial sustain-
ability (Zaidi 2008). Still, most adults expect having an enjoyable life without the
daily duties and to be involved in a long cared for activities for which they had no
time before. Nonetheless, substantial differences are observed among individuals,
which are partially explained by social roles and social factors. Some individuals
reach the retirement age finding difficult to adapt to new activities, new routines, and
new social roles. Since both roles and social factors change along the time, and
across setting and social context, the meanings of retirement or the value given to
work are social constructs that vary importantly in individuals and in different
cultures. This may explain some empirical observations, including controversial
data in relation to higher levels of psychological distress at the time of retirement,
especially in men (Vo et al. 2015).

Gender differences have likewise been observed in relation to psychological
reactions following retirement, and some authors have documented higher levels
of distress in men, when compared with women (Vo et al. 2015). While the gender
differences in relation to the work and occupation are changing drastically, until now
men seem to be influenced more than women by traditional expectations of being
seen as the main providers and the ones for whom work achievements were
considered to have overriding importance (Vo et al. 2015).

Healthy aging programs are now directed at preparing the adults for the time of
retirement, and the maintaining of an active life is proposed by most programs. An
example of this is the “University for the experimented,” a very successful initiative
in the University of Zaragoza to keep the elderly with an active intellectual life
(www.uez.unizar.es). Authors in different countries, including the European coun-
tries, now argue that it is important for the country’s economy, but also for


http://www.uez.unizar.es

Sociology of Aging 7

individual’s satisfaction, the extension of working life to adjust to a longer-life
course and similarly to the changing perceptions of the elderly (Zaidi 2008; Biggs
et al. 2013).

Potential Dependency

Some people are particularly concerned about the old age and would embark in
cosmetic remedies, or even in medical or surgical remedies, to avoid the natural
effects of age. Most are aware of the risk of becoming eventually dependent, and
some of them are similarly concerned. Dependency changes through the phases of
the life course and is certainly common in the old age, as has been well documented
by epidemiological research. Quintanilla (2006) found disability for instrumental
activities of daily living (ADLSs) in 18.4% of adults aged 55 years or more, 12.8% for
basic ADLs, and 19.8% for social ADLs, proportions that increased considerably in
the older olds. In fact, cultural values and norms profoundly influence the views on
the life course and on the experience of dependency. Among the social values, the
family support is crucial in aging, influencing the actual experience of care, but also
the individuals’ satisfaction (Edmonson 2013).

Since dependency is also a form of social perception, it may require objective
ways in its assessment. To rely only on the chronological age of individuals, no
matter where the cutoff point was placed, or only on the employed status of
individuals, would be incomplete. A considerable proportion of older individuals
remain independent following the retirement age and are involved in family affairs
such as caring for the sick or the children, which allows other family members to be
financially productive, or are involved in nonpaid activities external to the family
such as volunteer associations, often satisfactory for the individual and fruitful for
the community (Edmonson 2013).

The healthcare system needs to be aware of the dependency condition. Several
authors have suggested the importance of new public policies to face this problem
and have offered potential solutions such as the provision of incentives to family
members so that they would care of their own elderly family members (Zaidi 2008).
An example of public policy is the dependency law passed by the socialist govern-
ment in Spain with the explicit objective to help financially all the elderly in situation
of documented dependency. However, doubts have emerged in view that the help
never reached all the expected population, as a consequence of the economic
recession after the law was adopted in 2006 (Jiménez et al. 2016).

Caregivers

In relation to dependent individuals, family caregivers are fundamental, and this
notion applies to any country (Edmonson 2013). Caregivers can provide real help,
and their action may be rewarding. However, real difficulties for them are frequent,
and provisions in welfare states, such as the incentives to younger family members to
take care of their own older family members, may be crucial for facilitating the
process (Zaidi 2008). This is particularly relevant in view of recent social move-
ments, mainly because of the incorporation of women to the working force. Relat-
edly, the migration phenomenon, a partial result of globalization and the need for
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many young and adult people to move for seeking employment in other regions/
countries, even overseas, has resulted in many elderly parents deprived of care in
their homeplace.

Economic Difficulties and Socioeconomic Status

Socioeconomic status (SES) has been shown to be associated with healthy aging and
increased life expectancy (Donkin et al. 2002). Conversely, socioeconomic disad-
vantage in older people tends to marginalize them and may eventually breed ill
health. Together with major changes in social institutions, such as the family, and in
the economy, increasing demands for public and government care in older individ-
uals come from ill health, including from psychiatric conditions such as dementia
and depression. Universal health insurance is being debated as one remedy for such
health inequalities. Moreover, in this situation, the great majority of patients and
their families will need social care support, with inevitable economic implications.

The need for social care support is observed in Western countries, but in fact also
in developing countries experiencing population aging, although at different pace.
Social care policies are quite different across countries and sometimes across the
same country, and cultural norms strongly influence the demand (Edmonson 2013).
Still, state policy has to face the reality of the increasing demand for care, and under
the name “political economy of old age” (Estes 1991), the discussion is how the
economic resources should be distributed, since this will have crucial effects on the
lives of older people.

Welfare states provide the older degrees of protection unknown until recently.
Nevertheless, a generalized problem is the sustainability of the system, and to some
extent most countries have the private sector and the civil society involved. A crucial
problem the pension policies have to face is to balance suitability and financial
sustainability. The idea is to prevent the real possibility that poverty reaches older
people, but the system has still to be economically solid (Zaidi 2008).

Some implications may be derived from this section in view of the biological
facts of the aging process and the challenging social factors reviewed. It is com-
monly suggested that each improvement in education, income, occupation, or wealth
is associated with better health outcomes. In the context of industrialization, advan-
tages and disadvantages may be tied with the status (Adler and Stewart 2010).
However, to disentangle the components of the status may be intricate, since factors
such as income, occupation, or education are all involved. The general view is that
individuals with low socioeconomic status, compared with their counterparts, have
less information related to health and are less involved in active behaviors promoting
health, are exposed to more physical hazards and environmental risk factors, and
experience more stressful events and may have a worse adaptation to them.

Psychological discomfort and/or psychiatric disturbance among the elderly, and
similarly general health disorders, have often been associated with SES, which is an
independent predictor of both disease risk and mortality. In other studies, stressful
life events and lack of perceived social support have been strongly related to risk of
depression among all age groups (George 2009).
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It is important that both preventive plans and interventions at the individual or
public health levels take into account this kind of information.

The Aging in the Population: Demography and Demographic
Changes with Social Implications

Aging Demographics

The aging of the population is a global phenomenon with strong social implications
(Hooyman and Asuman Kiyak 2013; Romero-Ortuno and O’Shea 2013). It occurs
both in developed and in developing countries, although rates are different. In
general, it reveals a demographic change from high-fertility rural agrarian societies
to low-fertility urban industrialized societies. The largest proportions of the elderly
are in industrialized countries, where life expectancy and the median age have
increased dramatically in the last years. In Europe, the elderly population is expected
to increase to 30% of the population over the next 30 years (Zaidi 2008).

The social implications of this phenomenon are derived from different factors.
First, the majority of the elderly, including in the oldest age groups, live in non-
institutionalized settings. This has clear implications for the families and for devel-
oping for them especial support systems. Second, the highest proportions of
disability and poor health concentrate in the oldest old; the suggested dramatic social
consequences seemed to be obvious, but more realistic perspectives derive from
recent empirical data showing that the association between chronological age and
poor health status and/or frailty is not direct and may be very variable (Romero-
Ortuno and Kenny 2012). Third, a crucial problem to face, related to global aging,
may be the fact that fewer workers are available to support the increasing proportion
of the elderly. And fourth, the social repercussions derived from the imbalance in the
sex ratio of men to women, described in the previous section.

Age by Itself: A Potential but Controversial Risk Factor

Age by itself is a risk factor for some physical and psychiatric disorders with high
social implications. On the physical side, the increased prevalence of conditions such
as hypertension and cardiovascular disorders or diabetes has been documented
(Lobo-Escolar et al. 2008). Similarly, in relation to psychiatric disorder, it is clear
that age is the main risk factor for highly disabling conditions such as dementia in
general and Alzheimer’s disease and vascular dementia in particular (Lobo et al.
2011). Disability due all such conditions is an inevitable corollary, as it is the “frailty”
problem described in the previous section. However, the potential of social factors in
the etiology of these conditions should not be minimized. For example, it is now clear
that poor education is a risk factor of Alzheimer’s disease (Lobo et al. 2011), and, on
the contrary, an active lifestyle protects from dementia (Marioni et al. 2015).
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The associations between age and psychiatric disorder in conditions such as
depression are complex and often inconsistent across studies, therefore suggesting
that social factors may be more relevant. Contrary to some generalized views, we
found that the great majority of the elderly population (65+ years) is in reasonable
good mental health, particularly among the younger old strata. For example, we have
documented that the prevalence of psychiatric disorder in the general population of
the elderly is 11.8%, therefore meaning that the great majority has not a diagnosable
psychiatric condition, although they may have isolated symptoms (Lobo et al. 1995).
The prevalence of disorder in younger adults is not very different. In relation to
depressive symptoms, some reports suggest that older adults, especially the very old,
usually report levels of symptoms equal to or higher than those reported by younger
and middle-aged adults (Schieman et al. 2002). In contrast, some studies of psychi-
atric disorders suggest lower current and lifetime prevalence among older than
among younger adults for conditions different than most neurocognitive disorders
(Robins et al. 1984). Moreover, in support of the hypothesis of the influence of social
and environmental factors associated with depression in the elderly, we reported
during the EURODEP studies wide cross-cultural differences of prevalence in
European cities, using standardized assessment methods and criteria (Copeland
et al. 2004).

While biological factors in aging emerge from an internal, developmental pro-
gram, differences observed across age groups in different sociocultural settings
suggest the influence of social and/or environmental changes external to the indi-
vidual, factors that may vary substantially over time and across cohorts of the older
adults. Among the social factors, demographic characteristics should be considered.

Specific Demographic Changes

Demographic factors have consistently been associated with mental disturbance in
older adults (George 2009). However, the nature of this association is far from clear,
and a causal relationship cannot always be documented. For example, the nature of
differences in the prevalence of mental disturbances such as depression or
Alzheimer’s disease in men compared with women has not been clarified. A higher
prevalence of both conditions among women has been reported (De Pedro-Cuesta
et al. 2009), and social factors such as education, marital status, and economic or
social stress may be at play. Some authors have suggested that demographic factors
may act as proxies for other social factors (Letenneur et al. 2000). While the
information in this subject exceeds the objectives of this chapter, we now discuss
some demographic factors.

Marital Status

Marital status has been associated with depression in older adults, and symptoms of
depression have been found to be more frequent among unmarried individuals when
compared with their counterparts (Cairney and Drause 2005). Specific factors
intrinsic to the married state have been considered to explain the nature of the
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association, and multivariate methods suggest that aspects such as social support or
social stress may explain to a large extent the association (George 2009).

Migration

Psychological distress and/or psychiatric disturbance among immigrants have often
been reported in the literature. Still, the nature of the association has not been
clarified (Butler et al. 2015). Different social factors have to be considered. In the
migration process, individuals often lose economic resources and certainly prestige
and social power; they may have new financial burdens related to restrictions for
medical care in countries such as the USA; and the role of older adults in the new
situation may be related to home care or care of the children, at the cost of losing
autonomy and opportunities they had in their homeland. Marginalization of the
elderly immigrant may be a real issue in such circumstances.

Educational Level

Considerable evidence indicates that early events and achievements have persistent
effect on psychiatric status throughout adulthood. Education is most strongly related
to psychiatric morbidity in later life. Among older adults, low levels of education are
strongly associated with high levels of depressive symptoms, and they have also
been found to be a significant predictor of incident cases of major depression and of
Alzheimer’s disease (Koster et al. 2006; Lobo et al. 2011).

Cultural Attitudes Vary

Cultural attitudes and values profoundly influence the views on different aspects of
aging, including dependency and demand of services, as previously discussed.
Similarly, expectations about behaviors in older people may differ due to cultural
factors, leading to the consideration of some pathological behaviors regarded as
normal in other cultures. The marks of growing into adulthood are often a source of
pride, but, in some cultures and specifically in developed countries, marks of natural
aging can lead to awkwardness or shame. When discussing myths and stereotypes,
we’ll observe how the cultural attitudes may cause the elderly to feel embarrassment
and may influence the milieu, eventually leading to marginalization (Stuckelberger
et al. 2012). It is both the subjective feeling of the individual and the social
environment that are influenced (Bytheway 2011).

Implications for psychiatry could be derived following the review of this section.
Prevention planning must consider the vast demographic changes documented
recently and the ones predicted for the coming decades. From the social perspective,
it is not only aging what matters, since the associated social phenomena, including
demographic changes and cultural attitudes, have been shown to influence health
and disease, including mental conditions. The available information may be useful
for planning social care and prevention. It is also clear that new research is essential
to improve this information.
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Specific Challenges for the Elderly: Ageism, Social Challenges,
Implications in Geriatric Psychiatry

Introduction

In the process of aging, biological changes described in previous sections pose
sooner or later challenges for the individual, as reviewed when describing the
“frailty” construct. Other challenges derive from the psychosocial perspective,
including the dependence, the marginalization, or the negative side of retirement.
We now describe several other threats well described by sociologists, namely,
“ageism,” abuse, or stereotypes.

Ageism

The subject of so-called ageism is a crucial one in the field of the sociology of aging,
with important implications in the field of geriatric psychiatry. The term was coined
by Robert Butler (1975) and refers to the “systematic stereotyping and discrimina-
tion against people because they are old” (Edmonson 2013). This phenomenon may
result in “social exclusion” and discrimination, with all the negative implications for
the individual and for the group of excluded individuals.

Age discrimination for older adults may be more common than suspected. As an
example of the usefulness of empirical studies in this field, Rippon et al. (2014)
documented the phenomenon of “perceived age discrimination” in a sample of 7,500
individuals of the English Longitudinal Study of Ageing (ELSA). They found that
more than one third of those aged 65 and over experienced age discrimination. The
ageism phenomenon is obviously influenced by cultural factors, and in this particular
social environment, the researchers found that age discrimination was associated
with higher education, lower levels of household wealth, and being retired or not in
employment. Empirical studies of this sort may direct preventive policies.

Socially excluded individuals find obstacles for activities regarded as normal in a
given society, and different authors have described the phenomenon in different
populations, such as the institutionalized populations. The applicability of this
concept in care homes and in institutionalized psychiatric older populations is
apparent. Edmonson has suggested that the risk of social exclusion can derive
from healthcare settings themselves (Edmonson 2013). Although the care itself is
not intended to disempower the individuals, Faulkner (2001) has suggested that
individuals in such situation may develop “learned helplessness” when deprived of
control. It is therefore advisable to stimulate social participation, particularly in long-
term institutions. In other examples of empirical studies in the field, Ishii and
Tado’oka (2015) have observed that subjects who had no previous experience living
with older adults may be more vulnerable to ageism in times of adverse
circumstances.
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Abuse

Abuse and mistreatment of the elderly is a well-known phenomenon, often reported
in the literature, and the significance of the sociocultural aspects merits some
emphasis. There is relevant information suggesting that elderly abuse is more common
than documented in the literature, so that reporting is much lower than prevalence. In
addition, different types of studies have described the negative outcome of abused
individuals, with important health implications (Burnett et al. 2016).

Many factors have been discussed to interpret the origins of this phenomenon.
The systematic review by Johannesen and LoGiudice (2013) is noteworthy in this
respect. These authors concluded that the etiology of abuse is multifactorial. Some
factors are related to the older persons themselves, and a considerable number of
features have been described: cognitive impairment, behavioral problems, psychiat-
ric illness, or psychological problems; functional dependency; poor physical health
or frailty; low income or wealth; trauma or past abuse; and ethnicity. Other factors
depend on the perpetrator and include caregiver burden or stress and psychiatric
illness or psychological problems. And some factors are more environmental, such
as problematic interpersonal relationship or family disharmony and low social
support. In a different, systematic review of community studies, Johannesen and
LoGiudice (2013) concluded that the highest risk of abuse in the elderly was
reported associated with interpersonal relationship, such as family disharmony and
poor or conflictual relationships, and with environmental factors, specifically to low
levels of social support. Nonetheless, there is no consensus on this subject, and the
emphasis of authors commenting the issue of ageism is placed on environmental
causes, specifically on the social attitudes, rather than the interpersonal difficulties
(Biggs and Haapala 2013).

At the level of individuals, both clinicians and administrators must be alert in
view of the frequency of the phenomenon of abuse and the negative implications for
individuals and for groups such as the elderly institutionalized. Preventive measures
of abuse should be based on documented risk factors such as the ones described here,
and adequate professional training seems to be mandatory. Furthermore, this litera-
ture suggests the relevance of new studies to document the origins of abuse and the
efficacy of intervention programs.

Stereotypes

While there is no generalized acceptance of the meaning of the term stereotype, it
relates to ideas or beliefs that can be adopted about specific types of individuals or
about their way of doing things, ideas that do not necessarily reflect the reality. The
concept also reflects what characteristics are attributed by people to a group of
individuals, in this particular case to the old. One frequent example is to view the
elderly as lonely, although this is heavily influenced by the cultural views (Yang and
Victor 2011).
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Negative stereotypes are germane in this chapter. An important point is that
cultural stereotypes may be and frequently are incorporated by individuals, resulting
in a self-definition and then having an impact on the function of that person, who
eventually might present behavioral and/or health implications. Specifically, nega-
tive attitudes toward older people may influence negatively the functioning of
individuals and result in negative “auto-stereotypes.”

Stories, images, and symbols give cues to the way the elders perceive who they
are and how they are seen by others, and this provides information on the stereo-
types. It is no surprising that jokes and cartoons often reveal negative views of the old
people (“humor reveals socially unacceptable images of ageing”) (Polanski 2014).

A fact discovered by sociologists is that ideas, images, and meaning of the old age
vary across cultures and across time. In this background, it is not surprising that more
recent studies have found cross-cultural differences in the stereotype of the elderly,
supporting the notion of the influence of societal norms and values (Edmonson
2013). The changing nature of stereotypes has similarly been documented (Chen
2015), but other studies using information from newspapers and magazines show
that various stereotypes, and specifically those with unfavorable connotations, may
be lasting (Polanski 2014). It is noticeable that negative age stereotypes have been
detected in modern social networks expected to improve intergeneration communi-
cation, such as Facebook. Most groups that concentrated on older individuals
focused on negative age stereotypes were critical with older individuals or even
promoted their exclusion from several public activities.

A central issue in this chapter is that social and cultural ideas about aging are
decisive to the individuals and could strongly influence their behavior. The percep-
tion of old-age cues by individuals may come from legal norms, such as retirement
norms, professional decisions at the time of employment, or interpersonal cues in the
way the old individual is addressed by family or other members. In relation to this, it
is relevant to mention that a negative view on the health of aging individuals is not
necessarily supported by data. In the Zaragoza Study of dementia and depression in
the elderly, and contrary to some expectations, we observed that the prevalence of
general psychological morbidity in a representative sample of the population was
~12%, a frequency not substantially different from that observed in the population of
non-elderly adults (Lobo et al. 1995).

Some authors in this field have described different ways in which stereotypes
influence the individuals and have given examples of negative consequences
(Levy 2009). A “psychological” pathway includes, for example, the generation of
expectations in such a way that eventually act as self-fulfilling prophecies. A “behav-
ioral” pathway might be exemplified by practices related to health: the elderly
incorporating the stereotype that health problems are an inevitable consequence of
aging might behave as if healthy practices are pointless. In the “physiological”
pathway, autonomic nervous system disturbances might result in cases of negative
age stereotypes, as shown by abnormal cardiovascular response to stress.

There is also some information about ways to fight negative stereotypes. Some studies
suggest the beneficial effects on physical and/or mental health by resisting negative age
stereotypes or keeping an optimistic attitude (Wurm and Benyamini 2014). It has even
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Table 3 Sociological
theories relevant in
Geriatric Psychiatry

“Agesim” and stereotypes
“Social exchange” theory
“Disengagement” theory
“Activity” theory

“Continuity” theory
“Modernization” theory

“Age stratification” theory
“Social labeling” theory
“Symbolic interactionism” theory
“Buffering/stress” model

been discussed that such positive attitude could result in an increased survival age or
expectancy of life (Levy et al. 2002). It is in this context that Moody (1988), for example,
has argued in favor of the notion that gerontology should offer an “emancipatory
discourse,” with a positive idea of aging as a movement toward freedom beyond
domination (autonomy, wisdom, transcendence).

Early information about myths and stereotypes is important in this respect, since
there is a generalized feeling that people rarely understand ageism and its negative
implications until they reach old age themselves.

Sociological Theories of Aging: Implications
Introduction

Sociologists have tried to understand the meaning of aging itself and to what extent
present concepts are influenced by the culture and the social factors in a given time
(Table 3). Starting in the second half of the past century, movements were observed
to base the theories in modern scientific ground. In fact, we have already discussed
the issues of “ageism” and of “stereotypes,” strongly influenced by underlying
sociological theories. We have described in the previous paragraphs many faces of
aging and the influences of biological, psychological, and social factors. It is not
surprising therefore to consider aging a multifaceted process and to observe many
theories of aging and contradictory views that have emerged in the field (Settersten
and Angel 2011; Edmonson 2013).

Some Sociological Theories

Among classical sociological theories, in the “disengagement” theory (Havighurst
et al. 1963), a crucial factor was considered to be the “functioning” of the individual,
which varies along the lifetime. Aging means in this view a separation from the
productive social role, having strong implications at the time of retirement, leading
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to potential marginalization of individuals. Criticism of this theory has also emerged.
While, for example, the negative side of retirement may be certainly true in some
cases, we have also discussed in previous sections that may be a very happy and
productive period of life for other individuals.

In relation to this, the other classical theory, the “activity theory,” carries more
positive implications: it underlines the social role aged individuals may develop
(James et al. 2006). A good example in the present day in Spain is the fact that 17%
of grandmothers provide intensive care to grandchildren in times of limited welfare
support and drastic changes in the women’s role, many of them now maintaining
jobs while at the same time preserving the mother’s role (Glaser et al. 2013).

It is also well known in this country the fact that in the present circumstances of
unemployment due to the generalized crisis, a considerable proportion of young or
even adult individuals with children are living at the cost of the grandparent’s
pension. Specifically, a recent report found that 80% of grandparents help financially
their families, a percent that was 20% in 2010 (EDUCO 2015).

Related to this is the already discussed “exchange” theory (Dowd 1980) describ-
ing the interactions of the elderly with the surrounding society and the assets they
may provide for mutual satisfaction. According to this, it is important in older adults
to achieve a balance between their contributions to society and the costs of their
support. Efforts should be directed toward increasing older people’s exchange
resources so that they are valued by society. They prefer to give money, time,
caregiving, or other resources in exchange for services. Important variations are
observed across cultures, but according to this theory, the way in which older adults
are engaged in society diverges with the nature of their power resources, such as their
material possessions, knowledge, and social authority.

The “continuity” theory in aging is also classical, and positive, in that it empha-
sizes the importance for individuals of maintaining links with past personal and
social experiences as a way to prevent the psychosocial negative aspects of senes-
cence. In societies where the position of individuals in the social scale is strongly
dependent on the work and occupation, the risk of excluding the elderly would be
particularly high (Gilleard and Higgs 2000).

Some theories have stirred considerable controversy, for example, the “modern-
ization” theory (Cogwill and Jolmes 1972) studying the transition from a “tradi-
tional” to a “modern” society. This theory tries to identify the social variables
contributing to social progress, to describe the process of change, and to identify
the adaptation to that change. The theory basically argues that modernization is
necessary, since traditional societies will develop as they adopt modern practice, as
shown by higher standards of living. Among the critics of the theory, it is argued that
it lacks adequate empirical support; sees non-modernized societies as inferior even if
they have the same standard of living as western societies; and ignore the fact that the
division between traditional and modern is arbitrary. An important aspect in mod-
ernization is the advent of new technologies. For some, recent technical advances
and new skillfulness, accessible to the younger generations, have considerable risk
of stimulating ageism. However, critics of this position underline the fact that this
situation cannot be generalized, since older generations are increasingly active in
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modern technologies and may in some circumstances have credit for their knowl-
edge and experience. An important criticism comes from the general view that the
traditional family continues to be crucial in supporting the oldest adults, although
important variations are observed across cultures.

In the “age stratification” theory (Riley et al. 1999), a central idea is that
ideological pressure may be placed in the individuals for directing their behavior,
with specific roles expected in dependence of the age “strata.” In terms of pressure
on the individual, the power of political and economic forces is often quite consid-
erable, has been called the “political economy of old age,” and may have the
exclusion of the elderly as a potential outcome, in dependence of the political
ideas and the state of the economy. On the contrary, strong social politics may
provide a welfare state, providing regulations such as the dependency law in Spain
although it turned out to be a regulation difficult to fulfill in practice.

The social labeling theory was developed by sociologists around the middle of
the past century. It proposes that behaviors in individuals, but also the self-identity,
are modeled by the terms used to define them. In a way, it is connected with the
theory of self-fulfilling prophecies, and also with the stereotypes, and has been
influential in the sociological theories of psychiatry. The names given to the elderly
may to certain extent participate of the consequences of labeling. Specific interest in
geriatric psychiatry may have some diagnostic labeling, such as the category “mild
cognitive impairment” (MCI). The MCI has been called “the gray area” between
mild impairment and dementia, and the underlying idea is that this category could
help in the early identification and treatment of devastating, dementing illnesses.
While this goal is quite appealing, negative implications of labeling are also appar-
ent, particularly in view that only a limited proportion of MCI individuals eventually
develop dementia in a reasonable period of time (Marcos et al. 2016).

The “symbolic interactionism” theory (Blumer 1969) emerged also in the past
century, and the term was coined by Herbert Blumer. The nucleus of this approach is
that behaviors of people toward things or others are based on the meaning those
things have for them. In this particular case, behaviors toward the elderly will be
determined by the meaning given to the construct old age. This meaning emerges out
of social interaction of individuals with other individuals and with the society.
Behaviors toward the elderly, therefore, are mediated by the meaning of this
construct and are importantly influenced by social interactions. Therefore, interpre-
tation of the meaning may be crucial when addressing problems of the elderly.

The buffering/stress model is well known in psychiatry and undoubtedly has a
social perspective (Brown and Harris 1989). Old age might be a period of particular
stress, as explained in previous sections. It is a time of frequent losses, including
retirement, loss of occupational prestige and low income, often loss of friends and of
driving, etc. Particular importance has the loss of the spouse, often with dramatic
consequences. Different studies have shown that bereavement is a strong predictor of
psychiatric disorder in the elderly.

The buffering/stress model emphasizes the importance of both the vulnerability to
stressful events and the ability to cope and solve them and the high risk of develop-
ing disorders as depression. Nevertheless, authors such as Brown and Harris (1989)
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have underlined the relevance of aspects such as the meaning of the lost object, aside
from the loss itself. Moreover, in the particular case of the elderly, not only isolated
losses should be considered, but the aggregated life events.

Notwithstanding the above, some studies could not confirm that some specific
losses in the elderly are associated with psychiatric morbidity and specifically with
depression. For example, some authors did not observe an increased risk of psychi-
atric disorders following retirement, a specific kind of loss (Midanik et al. 1995).
From the perspective of the buffering/stress model, some reasons related to vulner-
ability and ability to cope could explain this fact. For example, learning along life in
coping with adversity with a better psychological adaptation could make individuals
more resistant. Copeland et al. (1987) suggested the possibility that stressful life
events could be lived in later life as inevitable and without the possibility of change,
but not necessarily painful or unpleasant. On the contrary, early, adverse experiences
in childhood may have persistent effects on an individual’s vulnerability to psychi-
atric disorders, particularly depression, during adulthood, suggesting that childhood
adversities would interact with recent stressors to increase the likelihood of depres-
sion (George 2009). Similarly, aspects such as the lack of a confident relationship
would importantly increase the vulnerability to stress and poor health in the aged
(Murphy 1982). Studies related to this model bring to light the significance of jointly
investigating biological and social factors as a comprehensive model of the etiology
of mental illness.

Clinical psychiatrists, because of their medical background, are generally more
familiarized with the natural and biological sciences. However, as Jaspers taught,
psychiatry needs the concourse of the humanistic and sociocultural sciences. It is
true that clinical psychiatrists facing the crude reality of severely ill patients, and
impinged by the empirical data coming from the so-called “evidence-based” med-
icine, may find abstruse some of the sociological theories discussed in this chapter.
Still, all these theories have a causality side that may help to understand the social
origins of the attitudes and behaviors observed in the clinics. These theories have in
addition an underlying prescriptive side, where clinicians interested in a holistic
view of individual patients and their social environment could find some guide for
their professional activity. Therefore, the theories discussed here may stimulate
clinical enquiries with individual patients, and with groups or categories of geriatric
psychiatry patients. In addition, they should certainly stimulate multidisciplinary
work and multidisciplinary team interventions with geriatric patients, focused
not only on biological aspects but also considering their psychosocial and
environmental dimensions. The theories likewise have a heuristic potential for
stimulating hypothesis to be tested in adequate studies, in particular in epidemio-
logical type of enquiries.
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Toward Guidelines for Actions on Aging

The analysis of the previous sections indicates some potential guidelines to direct the
Actions on Aging, including the organization of social services. The following areas are
important to consider (Zaidi 2008; Edmonson 2013; Romero-Ortuno and O’Shea 2013):

— The education in aging from youth and the promotion of preventive measures
such as a healthy lifestyle during early stages of the life course.

— Public policies to facilitate progress in factors such as education, gender roles,
housing standards, transport, and social attitudes intended to postpone disability.

— Promotion of healthy aging and fit people. Frail people are vulnerable and healthy
aging improves the status, and this may be associated with a longer life.

— Active aging, which is receiving considerable support in Western nations, since
this contributes to the well-being of society and that of our own. This is a crucial
aspect, and all key stakeholders, including the public sector and the private sector,
should be involved to find ways to keep old people active.

— Employment for the old people, which are also important and are connected with
the previous point. Innovative actions and policies have been developed in
different countries in this direction. The underlying idea is that in the elderly
the use of their competence and experience, making them useful, is a way to
reduce ageism in Western societies.

— The role of information and communication technologies (ICT) has been contro-
versial. Some studies have detected a “digital divide” between the younger and
the older generations, and some negative attitudes toward technologies in the old.
Nonetheless, more and older adults adopt ICTs in trying to fit in with the society.
Some recent studies conclude with a positive view of projects to facilitate these
advances to the old individuals (Wu et al. 2015).

— Protection policies need a review. There is a tendency in Western countries to
implement new retirement policies intended to prolong the active employment of
older workers while reducing the burden on their state pension programs,
although this has found some resistance.

— Early identification of problems such as frailty, with the general goal to develop
instruments and methods for its early identification, as a way to minimize the risk
of age discrimination.

— Access to social care policies. Social care policies, and access to social care, vary
widely are across different countries and/or across different regions in the same
country. This subject becomes crucial in areas such as the dementia and depres-
sion in the elderly, since the great majority of affected individuals and families
will need social care support. In view of the relevance of this subject and the
paucity of methods to face the problem, the IDEAL Consortium has developed a
simple, staging instrument to document care needs in individuals with dementia
(Semrau et al. 2015).

— Home-based care. To reduce the burden of healthcare professionals working at
acute hospitals and the costs involved and to meet the demand of older people,
home care programs have been developed. Ideally, these programs should offer
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“multidisciplinary care” to meet the reality of health problems in the elderly.
Family physicians are usually involved in the initial screening.

— Medical education should change present teaching systems, since they are not yet
prepared to meet the need of the elderly with multi-morbidity, both physical and
psychiatric, as well as the special and severe associated social problems.

— Health service use. Important research in this area has shown that this is a
function not only of disease characteristics, but is often determined by different
social factors (George 2009). For example, older individuals have lower proba-
bility of receiving mental health treatment in the presence of psychiatric disorder.
Social support is a very significant enabling factor in psychiatric disorders and
determines the need to take into account not only formal services provided by
professional providers but also informal services provided by family and friends.

— International initiatives. A 2008 review of the Madrid International Plan of
Action on Ageing was adopted by the United Nations in a political declaration
in 2002. It urged action in terms of national policies and practices to promote the
health, employment, and human rights of older adults globally. It called for more
attention to disease prevention; for the reduction of health and economic dispar-
ities that are intensified in old age; for promoting the empowerment and decision-
making of elders, with positive incentives for working longer; and for identifying
ways for their contribution to social and economic progress. Importantly, similar
initiatives have been taken in countries like the United Kingdom (Department-of-
Health 2010).

Conclusion

This chapter has addressed empirical data and theoretical background studied in the
discipline sociology of aging. This information should help in understanding how
social factors, together with the inevitable biological changes the individual goes
through when the old age arrives, may profoundly affect the elderly. Psychiatrists
and geriatric psychiatrists in particular may find some help in the information
discussed here. They should be prepared to face the differences observed in men
and women; the potential advantages or problems related to the retirement; and the
difficulties that may be encountered in relation to the potential dependency, the
caregivers, or the economic difficulties in old age. Psychiatrists should be aware of
the demographic changes in the population and the implications in relation to
migration, educational level, or socioeconomic status. Efforts to encroach on social
issues such as ageism and the stereotypes should help them understand the difficul-
ties some old individuals go through, although not always they are aware of what is
going on in their environment. Indeed, geriatric psychiatrists should be vigilant with
regard to the phenomenon of abuse of the elderly. The practical clinicians may find
abstruse some of the sociological theories in vogue, but still these could be illumi-
nating in some circumstances to understand what is at stake with individuals or
populations. Finally, this chapter reviews potential guidelines for action on aging,
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recommended by experts in the field; this information should be particularly helpful
for those geriatric psychiatrists with administrative responsibilities.
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Abstract

This review covers a wide swathe of the research worldwide on the epidemiology
of mental disorders in late life. Data on the prevalence and incidence of mental
disorders are important not only for mental health professionals but also health
policy makers who have to plan services for an increasing number of elderly
people. Although epidemiological data today are mainly from developed coun-
tries, in recent years many developing countries have conducted studies on
dementia in community-dwelling elderly.

From the published data of elderly populations 65 years and over, the preva-
lence of depressive disorders is estimated at 2-21% and dementia between 2%
and 8%. Most studies have reported a higher prevalence of Alzheimer’s disease
than vascular dementia. Research on survival after a diagnosis of dementia
indicates a varying period from 5 to 12 years. The reported prevalence of anxiety
disorders is 3—14%, and comorbidity of anxiety-depression is high ranging from
40% to 90%. Schizophrenia, bipolar disorder, and other psychotic disorders are
less common in old age.

The wide variations in prevalence rates especially for depressive disorders
could be due to the differences in sampling methodology, interview instruments,
and diagnostic criteria.

Epidemiological studies have identified risk factors which are crucial for early
detection and interventions in preventive psychiatry. In the last decade, there are
encouraging results from a few interventional programs in the prevention of
dementia and depression in late life.
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Introduction

Psychiatric epidemiology shows patterns of disorders which are of relevance to the
clinicians and health policy makers. The information derived is not just about the
number of cases in the population but also factors associated with a particular mental
disorder and what factors influence the course of the disorder. Understanding the
distribution and determinants of the mental disorder can be the foundation for
interventions in preventive psychiatry. With the aging of the populations in devel-
oped and developing countries, psychiatric and social services are hard pressed to
provide for the increasing number of elderly people with mental disorders. Before
planning services, health policy makers need data on the extent of these disorders in
the community. Many developing countries do not have epidemiological data, and to
borrow information from developed countries may not always be appropriate. A
milestone in psychiatric epidemiology is the initiative of the World Health Organi-
zation to conduct multisite surveys using similar research protocols (Sartorius 1988).
International collaboration has combined teams from developed and developing
countries to form consortia like the 10/66 Dementia Research Group (Prince 2010)
and Research on East Asia Psychotropic Prescription or REAP (Chong et al. 2010;
Xiang et al. 2012) to conduct epidemiological research that can provide better
comparison worldwide.

There are three methods to collect data on the prevalence of a mental disorder:
hospital outpatient clinic, primary care clinic, and the community. Some hospitals in
the UK and Scandinavia have clinics with case registers, which are able to trace
service usage by elderly people, and information collected can indicate the extent of
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a mental disorder and outcome of treatment. In the primary care clinic, the preva-
lence of a mental disorder can be difficult to estimate if patients drift from one clinic
to another as often observed in many Asian countries. There are cultural differences
in the way emotional distress is communicated, and somatic presentation of depres-
sion may mislead the primary care doctor. Moreover, because of the specter of
stigmatization, patients in many developing countries may prefer to see a traditional
healer to avert shame or embarrassment. Therefore, the prevalence of a mental
disorder in the primary care clinic will be low due to underreporting.

Community surveys provide more accurate information on the extent of mental
disorders in the general population. Because of the large sample size in surveys,
many studies would use a short questionnaire to screen potential cases. The lack of
standardization of screening questionnaires has been recognized as a major factor in
international comparison of epidemiological data. The validity and reliability of case
detection thresholds have to be considered. Neuropsychological tests which are
mainly from the USA or UK need normative data in developing countries. Perfor-
mance on many tests used in screening and assessment for dementia is known to be
education dependent. The challenges of using brief cognitive screening instruments
have been reported in a survey conducted by the International Psychogeriatric
Association — the authors highlighted issues such as ethnicity, culture, language,
literacy, and elderly with sensory impairments (Shulman et al. 2006).

To ensure uniformity and validity in epidemiological surveys, common assess-
ment questionnaires have been introduced. The London-New York study on the
elderly used a structured clinical interview instrument, Geriatric Mental State
(GMS), constructed by Copeland and co-workers (1976) to assess the prevalence
rates for depression and dementia (Gurland et al. 1983). A computerized program of
the GMS called AGECAT (Copeland et al. 1986) was used in the European and
Asian surveys on mental disorders in late life. The GMS is also in the assessment
package of the 10/66 Dementia Research Group.

In dementia research worldwide, there are differences in the diagnostic criteria
applied, and this may account for variations in the results. Many centers prefer the
criteria from the Diagnostic and Statistical Manual (DSM) of Mental Disorders from
the American Psychiatric Association (1987 and 1994), and others use the Interna-
tional Classification of Diseases (ICD-9, ICD-10) from the World Health Organiza-
tion (1980 and 1992). However, there are a few centers in the USA that prefer the
criteria from the National Institute of Neurological and Communicative Disorders
and Stroke and the Alzheimer's Disease and Related Disorders Association
(NINCDS-ADRDA) (McKhann et al. 1984).

Data from most epidemiological research are derived from cross-sectional studies
in the elderly population. In recent years, there are more longitudinal aging studies
worldwide reflecting the need to understand the natural history of mental disorders in
the elderly, including early and late clinical signs. Such studies which require
enormous human resources and financial support are important not only in preven-
tive psychiatry but also relevant in training doctors to help them identify the early
symptoms and signs of a mental disorder.
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Table 1 Prevalence of depressive disorders among community-living elderly

Age Sample
Author Country (years) | size Method Prevalence
Blazer et al. USA >65 1,304 DIS/ Dysthymia: 2.0%
(1987) DSM-III Major depression: 0.8%
Copeland et UK >65 1,070 GMS All depressive disorders:
al. (1987) 11.2%
Lobo et al. Spain >65 1,080 GMS Dysthymia: 1.3%
(1995) DSM-III-R | Major depression: 1.0%
Kua et al. Singapore | >65 1,062 GMS- All depressive disorders: 6%
(1997) AGECAT (men 5.9%, women 6.1%)
Newman et Canada >65 1,119 GMS: Minor depression: 3.6%
al. (1998) DSM-IV Major depression: 0.86%
Forsell and Sweden >75 875 DSM-1V Major depression: 4.1%
Winblad
(1999)
Chong et al. Taiwan >65 1,500 GMS- Depressive disorders: 21.3%
(2001) AGECAT (men 16.8%, women 35.4%)
Xavier et al. | Brazil >80 77 DSM-1V Minor depression: 12%
(2002)
Chen et al. China >60 1,600 GMS- All depressive disorders: 6%
(2005) AGECAT (men 3.4%, women 8.5%)
McDougall UK >65 2,640 GMS- All depressive disorders:
et al. (2007) AGECAT 8.7% (men 6.5%, women

10.4%)

Gureje et al. | Nigeria >65 2,152 DSM-1V Major depression: 7.1%
(2007)
Kessler et al. | USA >65 709 DSM-1V Major depressive disorder
(2012) 2.3%

DIS Diagnostic Interview Schedule

DSM-III Diagnostic and Statistical Manual of Mental Disorders 3rd Edition

DSM-III-R Diagnostic and Statistical Manual of Mental Disorders 3rd Edition: Revised

DSM-1V Diagnostic and Statistical Manual of Mental Disorders 4th Edition

GMS Geriatric Mental State Schedule

GMS-AGECAT Geriatric Mental State-Automated Geriatric Examination for Computerized
Assisted Taxonomy

Depressive Disorders
Prevalence and Incidence

Table 1 shows the prevalence of depressive disorders in the elderly from research in
different countries around the world. Most of the studies used the GMS interview
schedule and included rural and urban communities. There is wide variation in rates
from a high of 21.3% in Taiwan to a low of 2.3% in Spain. The published reports on
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low prevalence could be due to methodological factors. Disabilities, which are
common in old age, may make it more difficult for elderly people to take part in
surveys, and comorbid physical illness may lead to “masking” of depressive fea-
tures. Another possible explanation is that some older patients with clinically
significant depression underreport their symptoms. The studies from China and
Brazil were from rural communities with prevalence of 6% and 12%, respectively,
which are higher than the rates of 2-4% in the urban surveys in Spain, Canada, and
Sweden. The time frame to use in reporting data from community surveys on the
prevalence of mental disorders is sometimes not clear. Some authors focus on
estimates of recent prevalence to avoid biases associated with selective recall.
Other reports include those with met criteria for mental disorders in the past
12 months or even at any time in their life.

The European Collaborative Group on Depression (EURODEP) consortium
reported a combined prevalence of 12.3% with men 8.6% and women 14.1%
(Copeland et al. 1999). Even within the same country, there was wide difference
in rates of depressive disorders, for example, the Liverpool study (Copeland et al.
1987) reported a prevalence of 10.0% (7.6% in men and 10.6% in women), and the
London study (Livingston et al. 1990) reported a considerably higher figure of
17.3% (14.3% in men and 19.2% in women). This was also observed in the research
from the USA and Canada when studies were conducted at different times with
different diagnostic criteria and using different assessment questionnaires. The
earlier findings by Blazer et al. (1987) were conducted in North Carolina using the
DSM-III diagnostic criteria (American Psychiatric Association 1987), and the more
recent report by Kessler et al. (2012) had data from the much larger US National
Comorbidity Survey using the DSM-IV diagnostic criteria (American Psychiatric
Association 1994). In the Canadian Community Health Survey (Patten et al. 2006),
the point prevalence of major depressive disorder in the elderly was estimated at
0.9%, which was quite similar to the earlier study by Newman et al. (1998) —
however, the 12-month prevalence of major depressive disorder in the Canadian
Community Health Survey was 1.9%.

A number of studies have shown the prevalence of depressive disorders to be
higher in the older elderly. Roberts et al. (1997) reported an increase in prevalence of
major depressive episode from 6.9% at 60—69 years to 10.4% at 70—79 years and
12.7% at 80 years or more. Palsson and co-workers (2001) found the 1-month
prevalence of DSM-III-R depressive disorder was 5.6% at age 70, 5.9% at age 75,
11.2% at age 79, and 13.8% at age 83. Among persons aged 90 years or more in
Sweden, the prevalence of depression was 7.9% and dysthymia 1.2%. (Forsell et al.
1995) The prevalence of GMS cases was 24% for the German population of the very
old (aged 85 years or more) (Meller et al. 1997).

Doctors in primary care have observed that many elderly people may have
depressive symptoms but do not fulfill the DSM criteria for depressive disorder.
Judd et al. (1994) defined subsyndromal depression as having two or more symp-
toms of depression for most or all of the time in a 2-week period, in persons who do
not otherwise meet DSM criteria for a current major depressive disorder or dysthy-
mia. Subsyndromal or subclinical depression can affect quality of life and lead to
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excessive use of services (Pincus et al. 1999; Preisig et al. 2001). Such patients are
often seen at primary care and present as somatic complaints with functional
impairment. In an epidemiological study of 1,092 elderly (Soh et al. 2008) from a
multiethnic stratified random sample of older adults aged 60 or more who were
examined using the GMS schedule, the prevalence of subsyndromal depression in an
Asian population was 9.6% (Chinese 10.1%, Malay 8.2%, Indian 12.6%).

The prevalence of depression in nursing homes is reported to be much higher than
rates in the community. In the Netherlands, a survey of 333 nursing homes elderly
showed a prevalence of 8.1% and subclinical depression at 24% (Jongenelis et al.
2004). The rate for major depression among residents in three US nursing homes
varied from 14% at one extreme to 42% at the other (Gerety et al. 1994; Evers et al.
2002). In Australia, the prevalence of depression in elderly residents in nursing
homes was also reported at a high rate of 33% (Snowdon et al. 1996).

Most studies have indicated that the incidence of first-onset depression increases
with age. In the UK, Copeland et al. (1992) estimated that the incidence of depres-
sion in old age was at least 2.37% per year. A study in Sweden of 875 nondepressed
elderly with a mean age of 85 reported the incidence of depression at 4.1% (Forsell
and Winblad 1999). Another Swedish study showed an incidence of first-onset
depression at 1.7% for those aged 70-79 and 4.4% for those in the ages 7985
(Palsson et al. 2001). Among a community sample aged 65 years or more in Cache
County, USA, the incidence rate of any depression per 1,000 person-years was 16.36
(men 13.09, women 19.44), and major depression was 10.5 (8.9 for men, 11.9 for
women) (Norton et al. 2006).

Risk Factors

Community studies have yielded significant results on risk factors in late-life
depression, including physical disabilities, poor social support, functional limita-
tions, lower income, and impaired cognition (Cole and Dendukuri 2003). Disability
may lead to depression because of decreased capability and increased dependence on
others especially when the elderly lives alone. Cross-sectional and longitudinal
studies have provided evidence of a close relationship between physical ill-health
and depression (Mojtabai and Olfson 2004). The prevalence of depression is con-
siderably increased among people with Parkinson’s disease, cancer, stroke, and other
serious medical problems (Snowdon 1994). The association between depression in
late life and chronic diseases like diabetes mellitus and chronic obstructive pulmo-
nary disease is well documented (Ho et al. 2014). Prince and colleagues (1997a)
suggested that the association between changes in physical health status and depres-
sion ratings related mainly to the degree of consequent functional impairment.
Depression and cardiovascular diseases are common in late life and will be the
leading causes of the economic burden of diseases in the next decade. The concept of
vascular depression suggests that cerebrovascular diseases, such as stroke, are
especially relevant in the etiology of depression in old age (Alexopoulos et al.



Epidemiology of Mental Disorders (Including Cross-Cultural Comparisons) 7

1997). A systematic review found a pooled estimate of 33% for depression after
stroke (Hackett et al. 2005).

The extent of depression among people with dementia is also high (12% com-
pared to 4% of non-demented people aged 75 years or more), and depression is
associated with increased levels of disability in this population (Forsell and Winblad
1998). It has been noted that the rate of depression may be higher in cases of vascular
dementia than in Alzheimer’s disease — 21% versus 3% (Newman 1999).

In many Asian countries, the rapid development in industrialization and disinte-
gration of the family structure in recent decades may have undermined the social
foundations for filial piety and other traditional virtues (Lim et al. 2011). This decline
in intergenerational cohesion and maintenance of filial obligations has in turn
contributed to the older person’s experience of disappointment, sadness, and grief.
Poor social support and loneliness have been consistently found to predict depres-
sion in elderly Chinese (Lim and Ng 2010). Studies in some European countries also
showed similar results on depression and decreased social network and support
(Kivela et al. 1996; Prince et al. 1997b; Arean and Reynolds 2005; Djernes 2006).
Hospitalization or bereavement was experienced four to six times more often by
depressed elderly people than controls (Brilman and Ormel 2001). There are higher
rates of depression among those who are widowed, divorced, or separated (Regier et
al. 1993). Osborn et al. (2003) concluded that social isolation and having no
confiding relationships are more relevant as factors associated with late-life depres-
sion than living alone per se. In Latin American, a Brazilian study (Blay et al. 2007)
reported a high rate of depression in old people especially for those with lower
income, poorer health, and functional status and who were single or divorced. In
China, it was found that lower educational level and monthly income, rural abode,
and presence of one or more major medical conditions were associated with
increased vulnerability to depression in the elderly (Ma et al. 2008).

Outcome of Depression

There is a paucity of information on the course of depression in the elderly living in
the community. A few reported studies have shown that depression in late life
seemed to have a poor prognosis. In South Africa, Ben-Arie et al. (1990) followed
up a group of 20 depressed elderly people diagnosed in a community survey of 150
elderly subjects using the Present State Examination (Wing et al. 1974) and found
that nine (45%) were still depressed after 3 years. In the UK, Copeland et al. (1992)
reassessed a group of 107 depressed elderly after 3 years and found 30.8% were still
in depression, 4.7% had dementia, and 23.4% had died.

A study of 35 elderly Chinese living in the community who had depression, as
diagnosed with the GMS-AGECAT, also showed a bleak outcome. After 5 years, 31
were traced — 10 (32.2%) were still depressed, only 8 (25.8%) recovered, 5 (16.1%)
had died, 5 (16.1%) were categorized as subclinical depression, 2 (6.5%) had anxiety
disorder, and there was 1 case of dementia (Kua 1993). In another study in Ireland,
127 depressed elderly assessed by the GMS-AGECAT were followed up for 3 years,
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and the authors reported that 30.2% had died, 34.9% had persistent depression,
24.5% had other case or subclinical mental disorders, and only 10.4% recovered
(Denihan et al. 2000). In the Amsterdam longitudinal study, a cohort of patients was
followed up for 6 years; there were remissions in 23%, severe chronic course in 32%,
and a middle group with fluctuating course in 44% (Beekman et al. 2002).

Dementia
Prevalence and Incidence

There is a global concern about the rising tide of dementia because it will exact a
heavy toll on health services and impact family life and the national economy
(Larson and Langa 2008). By 2040, it is estimated that about 71% of the 81.1
million dementia cases in the world will be in developing countries (Ferri et al.
2005). And every year, there are approximately 4.6 million new cases of dementia,
with the highest growth projections in China and India. Epidemiological research on
dementia provides invaluable data on risk factors which can help healthcare pro-
viders and policy makers to plan preventive measures to slow down deterioration of
cognitive functions and improve quality of life of the elderly sufferers.

Dementia prevalence estimates vary considerably worldwide as shown in Table 2.
An early study of elderly people in New York by Gurland et al. (1983) used a modified
version of the GMS, and the prevalence of dementia in a sample of 445 subjects was
estimated to be 4.9%. A larger study in Liverpool of 1,070 elderly living in the
community (Copeland et al. 1987) used the computerized GMS-AGECAT and
reported a prevalence of 5.2%. The first study in China by Li et al. (1989) used the
GMS schedule, and the reported prevalence of dementia was 1.8%. A more recent
survey in China in four cities of over 34,807 Chinese aged at least 55 years in 79 rural
and 58 urban communities reported a crude prevalence estimate of 5.0%, Alzheimer’s
disease (AD) 4.8%, and vascular dementia (VD) 1.1% (Zhang et al. 2005). In Africa, a
study in Nigeria showed a low prevalence of 2.3% compared with an African-
American population in Indiana, USA, where a survey reported a higher rate of
8.2% (Hendrie et al. 1995). A high prevalence of 8.0% was also reported by the
Canadian Study of Health and Aging Working Group (1994), who surveyed elderly
people 65 years and more living in community and institutional settings. A community
survey in Singapore showed a higher prevalence of dementia for elderly Malay people
than elderly Chinese, and the rate in the elderly Malays was quite similar to the New
York and Liverpool results (Kua and Ko 1995).

The EURODEM consortium used data from eight European countries (Lobo et al.
2000) and showed a gradual increase of prevalence from 0.4% for both gender in the
age group 60—64 to 11.0% for men and 12.6% for women in the age group 80-84
and 22.1% for men and 30.8% women who were 90 years or more. In Hong Kong,
Chiu and her team (1998) showed that the rate in elderly Chinese increased from
1.7% in those 70—74 years to a high of 25.8% in those 90 years or more. In the USA,
dementia prevalence increased with age from 5% in the eighth decade to 37.4% over
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Table 2 Dementia: prevalence studies

Author

Country

Age
(years)

Sample
size

Method

Prevalence

Gurland et al.
(1983)

USA

>65

445

GMS

All dementias:
4.9%

Haseagawa et al.
(1986)

Japan

>65

1,498

DSM-IIT

All dementia:
4.7%

AD: 1.1%, VD:

2%

Copeland et al.
(1987)

UK

>65

1,070

GMS-
AGECAT

All dementias:
5.2%

Lobo et al. (1995)

Spain

>65

1,080

GMS/DSM-
1I-R

AD: 4.3%, VD:
0.6%

Liu et al. (1996)

Taiwan

>65

1,016

DSM-III-R

65-74 years:
2.0%

75-84 years:

8.3%

85 and older:

24.4%

Hendrie et al.
(1995)

Nigeria

>65

2,494

DSM-III

All dementia:
2.3%

AD: 1.4%, VD:

0.72%

Chiu et al. (1998)

Hong
Kong

>70

1,034

DSM-IV

70-74 years:
1.7%

75-79 years:

4.1%

80-84 years:

10.7%

85-89 years:

18.8%

90 and older:

25.8%

Farrag et al.
(1998)

Egypt

>65

1,366

DSM-1V

All dementia:
5.93%

AD: 2.86%, VD:

1.25%

Quiroga et al.
(1999)

Chile

>65

2,213

DSM-III-R

All dementia:
4.3%

Guk et al. (2003)

South
Korea

>65

1,037

DSM-IV

All dementia:
7.1%

NINCDS-
ADRDA

AD: 4.2%, VD:
2.4%

De Silva et al.
(2003)

Sri Lanka

>65

703

DSM-IV

All dementia:
4.0%

NINCDS-
ADRDA

AD: 2.8%, VD:
0.6 %

(continued)
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Table 2 (continued)

Age Sample
Author Country (years) size Method Prevalence
Ikeda et al. (2004) | Japan >65 1,438 DSM-III-R All dementia:
4.2%
NINCDS- AD: 1.5%, VD:
ADRDA 1.9%
Shaji et al. (2005) | India >65 1,934 DSM-1V All dementia:
2.9%
ICD-10 AD: 1.6%, VD:
1.1%
Zhang et al. China >65 34,807 NINCDS- All dementia:
(2005) ADRDA 5.0%
AD 2.0%, VD
0.9%
Molera et al. Venezuela | >65 2,438 DSM-IV AD: 4.0%
(2007) (3.3-4.8)
VD: 2.1%
(1.6-2.7)
Plassman et al. USA >71 856 DSM-III-R All dementia:
(2007) 13.9%
DSM-IV AD: 9.7%, VD:
2.4%

AD Alzheimer’s disease, VD vascular dementia

DSM-III Diagnostic and Statistical Manual of Mental Disorders 3rd Edition

DSM-III-R Diagnostic and Statistical Manual of Mental Disorders 3rd Edition: Revised

DSM-1V Diagnostic and Statistical Manual of Mental Disorders 4th Edition

NINCDS-ADRDA National Institute of Neurological and Communicative Disorders and Stroke —
Alzheimer’s Disease and Related Disorders Association

ICD-10 International Classification of Diseases 10th revision

GMS Geriatric Mental State

GMS-AGECAT Geriatric Mental State-Automated Geriatric Examination for Computerized
Assisted Taxonomy

age 95 years (Plassman et al. 2007). In a meta-analysis of 22 different studies, Jorm
et al. (1987) indicated that the prevalence doubles every 5.1 years up to the age of 95.

Comparison of results from different populations can be difficult if diverse methods
are used. It has been observed that elderly people with little or no education may not do
well in cognitive tests even in the absence of cognitive impairment — the task may be
unfamiliar or the information irrelevant. Tasks involving literacy and numeracy can be
problematic causing biased results. The 10/66 Dementia Research Group has made an
attempt to improve the validity of methods used in cross-cultural research (Prince
2010). The group has conducted numerous studies in Europe, Latin America and the
Caribbean, Africa, India, Russia, China, and Southeast Asia (Prince et al. 2003; Ferri
et al. 2005; Rodriguez et al. 2008). The estimates of dementia prevalence for those
aged 60 years or more were higher for Western Europe (7.29%), South Asia (5.65%),
and Latin America (8.50%); those from East Asia were lower (4.98%). This variation
might indicate differences in population age structure, genetics, and lifestyle but could
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also be due to difficulty in standardizing dementia assessment. Rodriguez et al. (2008)
summarized the 10/66 survey of 14,960 residents aged over 65 years in 11 sites
(China, India, Cuba, Dominican Republic, Venezuela, Mexico, and Peru) and showed
the prevalence of dementia according to the DSM-IV varied widely from less than 1%
in India and rural Peru, to 6.4% in Cuba. The mean age-adjusted prevalence estimate
for dementia among people aged 65 years or more living in developing countries was
calculated to be 5.3% (Kalaria et al. 2008).

Prince et al. (2013) conducted a systemic review of the global literature on the
prevalence of dementia and meta-analysis in 21 Global Burden of Diseases regions.
The age-standardized prevalence for those >60 years varied, 5-7% in most world
regions, with a higher rate in Latin America (8.5%) and lower rate in sub-Saharan
African regions (2-4%). The sample size of the populations studied ranged from
<500 subjects in a third of European countries to >3,000 subjects in the East Asian
countries like China. Although the majority of countries used the DSM-III/DSM-1V
diagnostic criteria, a few countries used the ICD-10 and GMS-AGECAT. Most of the
surveys were conducted different — some were one phase design and others were two
or more phases. The response proportion was generally satisfactory between 60%
and 79%, although a few European countries had <60%, while the majority of East
and South Asian countries were between 80% and 100%.

Comparing the subtypes of dementia, the prevalence of AD is higher than VD
(Table 2). The rate for AD varies from a low of 1.1% in Japan to a high of 4.3% in
Spain. Prevalence estimates of VD range from 0.6% in Spain to 2.1% in Venezuela.
In contrast to most countries, the prevalence of VD in Japan is higher than AD
(Haseagawa et al. 1986; Ikeda et al. 2004). The autopsy reports of elderly people
with dementia indicated that AD was more common than VD, even in the Japanese
studies (Table 3).

Relatively lower annual incidence estimates of 1.2% are reported in certain
countries, such as Brazil, Nigeria, and India (Nitrini et al. 2004; Hendrie et al.
2001; Chandra et al. 2001). In China, Li et al. (2007) in a 2-year follow-up study
of 1,593 community-dwelling elderly aged 60 years and more showed a low annual
incidence of 0.45%, and the Italian Longitudinal Study of Aging also reported a low
incidence rate of 0.76% (Di Carlo et al. 2007). In Australia, Piguet et al. (2003) in a
6-year follow-up study of 337 elderly 75 years and more reported a higher incidence
of 2.78% annually. In the Cardiovascular Health Study in North America
(Fitzpatrick et al. 2004), the incidence at age 80 was much higher at 19.2% for
AD and 14.6% for VD.

The EURODEM study indicated a low incidence of 0.2% for age group
60-64 years in both gender and rising gradually to 4.0% for men and 8.2% for
women who were 90 years or more (Lobo et al. 2000). The study with the largest
sample of 2,507 elderly people with at least one follow-up assessment was
conducted by Liu and co-workers in Taiwan (1996). They found that the incidence
increased with age: the rate was 0.77% for age group 65-74, 2.51% for age group
75-84, and 6.19% for those aged 85 or more. Consistent with many reports, the steep
rise in incidence of total dementia with age was mainly attributed to AD rather than
VD, which decreased markedly in the very old group. All the studies have shown



12 E.H. Kua and R. Mahendran

Table 3 Types of dementia in autopsy reports

Percentage of total autopsy cases

n Country AD VD |MIX | DLB | Others
Mizutani and Shimada (1992) |27 Japan 333 18.5122.0 1 15.0 ' 12.0
Akatsu et al. (2002) 158 Japan 46 22 |2 18 12
Schneider et al. (2009)
Community cohort 194 USA 49.45 39.2 1443 |247 | 1.5
Clinical cohort 280 66.1 17.9 |275 (214 |6.1
Brayne et al. (2009) 113 UK 67 35 |26 5 ?

Jellinger and Attems (2010) 1,110 | Austria 429246 |10.8 |55 |9.7 |6.6

AD Alzheimer’s disease, VD vascular dementia
AD + CVLs (cerebrovascular lesions)

AD + LB (Lewy body)

MIX mixed dementia

DLB dementia Lewy body

that the incidence of dementia increases with age. Jorm and Jolley (1998) concluded
that the incidence of dementia rises exponentially up to the age of 90.

In recent years, there is research interest to find out how many of those elderly
with mild cognitive impairment will progress eventually to dementia. Investigators
at the Cache County study reported 46% of elderly with cognitive impairment
converted to dementia compared to 3.3% among those without cognitive impairment
(Tschanz et al. 2006).

Risk Factors

Genetic and environmental factors, including socioeconomic conditions, nutrition,
and educational status, have been suggested as possible risk factors of dementia. The
susceptibility gene, APOE-4 allele, as a general risk factor for AD is well
documented (Saunders et al. 1993). However, the association of the APOE-4 allele
with Alzheimer’s disease has been shown to vary among different ethnic groups — a
comparative analysis showed that the APOE-4 allele is a risk factor for AD in
African-Americans, but not in Yoruba Nigerians (Murrell et al. 2006; Gureje et al.
2006).

Low educational achievement has been shown to be a risk factor for dementia.
Low literacy is often linked to poverty or lower socioeconomic status, which is
associated with poorer health, lower access to health care, and increased risk of
dementia (Fratiglioni et al. 2004; Borenstein et al. 2006).

Multidisciplinary research has provided moderately strong evidence supporting
the role of vascular factors and related disorders like diabetes mellitus, obesity, and
smoking as risk factors (Hofman et al. 1997; Luchsinger et al. 2001; Norton et al.
2014). The cardiovascular risk factors for AD and VD are a history of stroke (Di
Carlo et al. 2007), hypertension (Skoog et al. 1996; Fitzpatrick et al. 2004; Qiu et al.
2010), and arrhythmias (Ott et al. 1997). Investigators have found that deficiency in
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dietary and nutritional factors (e.g., homocysteine, B vitamins, and diet pattern) is
associated with memory impairment (Luchsinger and Mayeux 2004).

A study by Devanand et al. (1996) suggested a link between depression and AD.
In the MacArthur study on “Successful Aging,” depressive symptoms predicted
cognitive decline in previously high-functioning elders (Chodosh et al. 2007).
Ownby et al. (2006) in a meta-analysis of 22 studies showed that depression
increased the risk for development of dementia in late life.

Outcome of Dementia

The interest to know more about the life expectancy of dementia started with
research from North America and Western Europe. Reviewing the results from
numerous studies from 1962 to 1990, Van Dijk and co-workers (1991) reported
that there was a definite increase in mortality for dementia patients as compared to
the general population of elderly. They also showed that there was a higher survival
rate for AD than VD patients, and a higher survival rate for female than for male
patients. More recently, in a 15-year prospective study in Southwestern Pennsylva-
nia of a cohort of 1,670 adults 65 years and older, it was found that AD increased the
risk of mortality by 40% in the cohort as a whole (Ganguli et al. 2005).

The duration of survival of dementia varies from 5 to 12 years (Table 3). In the
Finnish study by Molsa et al. (1995), 218 AD patients and 115 VD patients were
followed up for 14 years, and the authors found the survival rate for AD was
7.3 years and VD 6.4 years. The duration concurred with the Baltimore Longitudinal
Study of Aging (Brookmeyer et al. 2002) which reported a median life span between
7 and 10 years for patients whose illness were diagnosed when they were in their 60s
and early 70s. An extensive US study (Heyman et al. 1996) showed no statistical
difference in survival rates between white Americans and African-American patients
with AD.

In Asia, one of the first studies on life expectancy of AD patients was the Japanese
Hisayama study reported by Matsui et al. (2009). A total of 828 non-demented
elderly 65 years and more were followed up, and the authors found the survival
curve of dementia cases aged 65-89 years was significantly lower than that of age-
and sex-matched controls. A recent report from Korea on survival analyses of AD
patients included a large study of 724 consecutive patients from a memory disorder
clinic in a tertiary hospital in Seoul (Go et al. 2013). The overall median survival
from the time of diagnosis was 9.3 years. The mean period from the onset of the
symptoms to the time of diagnosis was 2.8 years, which means the duration of AD is
about 12.1 years.

A Singapore study in a general hospital memory clinic reported on the duration of
the three stages of deterioration in dementia — mild, moderate, and severe using the
clinical dementia rating (CDR) scale (Hughes et al. 1982; Morris 1993) for assess-
ment of severity. The mean duration of the mild phase (CDR 1) was 5.6 years,
moderate phase (CDR 2) 3.5 years, and severe phase (CDR 3) 3.2 years (Kua et al.
2014).
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Is the Prevalence and Incidence of Dementia Declining?

Manton et al. (2005) analyzed 17 years of national long-term surveys in the USA
(1982-1999) and found a decrease in dementia prevalence from 5.7% to 2.9%
during that period. They pointed to higher levels of education, a reduction in stroke
rates, and other factors as possible contributors to the decrease. The recent report
from the UK (Matthews et al. 2013) compared the Cognitive Function and Ageing
Study (CFAS) I and II, two surveys of populations 65 years of age or older — CFAS I,
conducted between 1989 and 1994, and CFAS II, conducted between 2008 and
2011, each with a sample size of more than 7,500. The authors showed that dementia
prevalence rate was 8.3% in CFAS I, as compared with 6.5% in CFAS II. They
concluded that populations born later had a lower risk of dementia than those born
earlier, probably because of higher education levels and better prevention of vascular
disease. The evidence supports the theory that better education, controlling vascular
and other risk factors during midlife and early old age, has unexpected benefits.

A more recent study by Satizabal et al. (2016) discussed the temporal trends in the
incidence of dementia over three decades among participants in the Framingham
Heart Study. In the analysis, which included 5,205 persons 60 years or older, they
found that the incidence of 3.6% in the 1970s declined gradually to 2.8% in the
1980s, 2.2% in the 1990s, and 2.0% in the 2000s and early 2010s. The authors
concluded that although most vascular risk factors (except obesity and diabetes) and
risk of dementia associated with stroke, atrial fibrillation, or heart failure decreased
over time, none of these trends completely explain the decrease in the incidence of
dementia.

Anxiety Disorders

The epidemiology of anxiety disorders in the elderly is not as extensively studied as
with dementia or depression. However, recent research suggests that anxiety disor-
ders may be as common as depression in late life and is also associated with
considerable disease burden (Byrne and Pachana 2010). Table 4 shows the results
of community studies which were mainly from Europe and North America. The
overall prevalence of anxiety disorders is high in some European countries — 14% in
France, 13.7% in the UK, and 10.2% in the Netherlands. Low rates were reported in
Singapore, Canada, and Sweden. Comparing gender, the prevalence of anxiety
disorders is higher in elderly women than in men (Lindesay et al. 1996). The more
recent study by Kessler et al. (2012) reported a rate of 7.6% in the US National
Comorbidity Survey.

Specific phobia is often considered the most common among the anxiety disor-
ders. Prevalence estimates vary from 2% to 12% in populations aged 65 years or
more (Ritchie et al. 2004; Preville et al. 2008; Beekman et al. 1998; Chou 2009;
Sigstrom et al. 2011; Kessler et al. 2012). A Swedish study using DSM-IV criteria
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Table 4 Survival studies of dementia

Author Country Sample size Results
Molsa et al. Finland 14-year follow-up of 333 Mean survival: AD 7.3 years —
(1995) dementia patients: 218 (65%) men 5.0 years, women
7.8 years
AD, 115 (35%) VD VD 6.4 years — men 5.1 years,
women 6.7 years
Heyman et USA 1,036 AD patients from 21 Mean survival of AD from
al. (1996) centers time of entry into study: men
5.7 years and women 7.2 years
Brookmeyer | USA Baltimore Longitudinal Study of | Median life span of AD
et al. (2002) Aging — follow-up of 2,476 patients between 7 and
elderly (1,556 men, 910 women) | 10 years
Ganguli et USA 15-year prospective study of Mean duration of survival of
al. (2005) 1,670 adults 65 years and older | AD patients 5.9 years
Matsui et al. | Japan 828 Japanese elderly with no 10-year survival rate of
(2009) dementia were followed up for dementia was 13.6%
17 years compared with 29.3% of
matched controls
Go et al. South Survival analysis of 724 AD Median survival from onset of
(2013) Korea patients first symptom was 12.6 years
Kua et al. Singapore | 77 AD patients from a memory | Mean duration in each phase
(2014) clinic Mild: 5.6 years,

mod:3.5 years, sev: 3.2 years

reported the prevalence of social phobia as 1.8% for those aged 65 years and older
and 1.9% for those aged 70 years or more (Karlsson et al. 2009). Panic disorder is
considered very uncommon among the elderly — 1% in the Netherlands (Beekman et
al. 1998), 0.3% in Canada (Bland et al. 1988), and 0.7% in the USA (Kessler et al.
2012). For obsessive compulsive disorder, studies on populations aged 65 years or
more indicated low prevalence rates ranging from 0.2% to 1.5% (Beekman et al.
1998; Ritchie et al. 2004; Grenier et al. 2009). The studies also showed that
obsessive compulsive disorder was more common among elderly women than
elderly men. Beekman et al. (1998) reported a rate of 0.6% in the elderly with a
peak prevalence of 2.7% in women 65-74 years compared with 0.3% in women
55-64 years or 0.8% in women 75-85 years. The American study by Regier et al.
(1988) also showed a similar low rate of 0.8% — men 0.7% and women 0.9% (Table
5).

Comorbidity of depression and anxiety disorders is very high in late life with
figures between 40% and 90% (Lenze et al. 2001; Cairney et al. 2008; Kvaal et al.
2008; King-Kallimanis et al. 2009; Byers et al. 2010). In the UK, Lindesay and co-
workers (1996) reported that 91% of the elderly with general anxiety in the popu-
lation also had depression. However, Bland and colleagues in Canada (1988)
reported that 95% of those with depression had symptoms of anxiety, while Jeste
et al. (2006) found a lower rate of 42% of depressed elderly with comorbid anxiety.
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Table 5 Epidemiology of anxiety disorders in community-dwelling elderly

Age Sample | Country

Author Country (years) |size method Prevalence
Regier et al. USA >65 5,071 DIS Overall prevalence
(1988) 5.5%

Phobic disorder 4.8%
Bland et al. Canada >65 358 DIS Overall prevalence
(1988) 3.5%
Lindesay et al. UK >65 890 GMS Overall prevalence
(1989) DSM- 111 13.7%

3.7% GAD, 10.0%
phobic disorders

Kua (1992) Singapore >65 612 GMS- Overall prevalence
AGECAT | 0.5%
Beekman et al. Netherlands | 55-85 3,107 HADS Overall prevalence
(1998) 10.2%
Forsell and Sweden >78 966 CPRS Overall prevalence
Winblad (1998) 3.2%
Ritchie et al. France >65 1,873 DSM-IV Overall prevalence
(2004) 14%
Men 8.7%, women
18.1%
Kessler et al. USA >65 709 DSM-1V Overall prevalence
(2012) 7.6%

DIS Diagnostic Interview Schedule

HADS Hospital Anxiety and Depression Scale

CPRS Comprehensive Psychopathological Rating Scale

GAD generalized anxiety disorder

DSM-III Diagnostic and Statistical Manual of Mental Disorders 3rd Edition

DSM-III-R Diagnostic and Statistical Manual of Mental Disorders 3rd Edition: Revised

DSM-1V Diagnostic and Statistical Manual of Mental Disorders 4th Edition

GMS Geriatric Mental State

GMS-AGECAT Geriatric Mental State-Automated Geriatric Examination for Computerized
Assisted Taxonomy

Schizophrenia, Bipolar Disorder, and Other Psychotic Disorders

The term paraphrenia was previously used to describe psychotic syndromes in the
elderly. Currently used terms are late-onset schizophrenia or late-life psychosis
encompassing visual and auditory hallucinations and delusions arising in late life.
Population studies indicated that the prevalence of self-reported psychotic symptoms
in the elderly without dementia ranges from 1.7% to 4.2% (Ritchie et al. 2004;
Henderson et al. 1998; Livingston et al. 2001). The incidence of first-onset psychotic
symptoms was estimated at 5.3 per 1,000 person-years for people aged 70 and
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90 years and only 45% of those who developed first-onset psychotic symptoms
developed dementia (Ostling and Skoog 2002).

The findings from a community study in the UK of 5,222 persons aged 65 years
and over showed a prevalence of DSM-III-R schizophrenia in 0.12 % and delusional
disorder 0.04 % (Copeland et al. 1998). In the USA, a study from the Epidemiologic
Catchment Area showed a prevalence of only 0.2 % for schizophrenia in the elderly
(Keith et al. 1989), while a Danish study (Nielsen and Nielsen 1989) reported a 6-
month prevalence rate ranging from 0.4% to 0.6%. In Singapore, Kua (1992) used
the GMS-AGECAT instrument to examine a sample of 612 community-based
Chinese elderly aged 65 and over and reported that 0.5% had schizophrenia.
Research in the USA estimated the 1-year prevalence of bipolar disorder in the
elderly population aged 65 years or more to range from 0.1% to 0.7% (Weissman et
al. 1988; Lin et al. 2014).

A study in Amsterdam of patients aged 60 years and older, in contact with a mental
health organization, reported a 1-year prevalence estimates of 0.55% for schizophre-
nia, 0.14% for schizoaffective disorder, and 0.03% for delusional disorder; the esti-
mated prevalence of schizophrenia among women (0.68%) was almost twice as high
as the estimated prevalence among men (0.35%) (Meesters et al. 2012). The extent of
psychotic disorders in elderly people living in the community may be seriously
underestimated in service-based studies, as affected individuals generally are not
inclined to seek help and their functional capacity is often intact. Many elderly people
with serious mental illness are not connected to mental health service either because
they fail to seek treatment or because they are disengaged from treatment. Because the
Amsterdam study is clinic based, there is a possibility of underreporting.

In the USA, a study on bipolar disorder among the elderly was reported by
Goldstein et al. (2006). The data was from the National Epidemiologic Survey on
Alcohol and Related Conditions conducted between 2001 and 2002. The target
population of the survey was civilian noninstitutionalized population, and the preva-
lence of bipolar disorder in the 8,121 elderly (65 years and older) was 1.03%. The 12-
month psychiatric comorbidity of the elderly with bipolar disorder included alcohol
use disorder (38.1%), panic disorder (11.9%), generalized anxiety disorder (9.5%), and
dysthymia (7.1%). Elderly men with bipolar disorder reported a higher prevalence of
alcoholism, and women reported a higher prevalence of panic disorder.

In pharmacological treatment, a major collaborative study of antipsychotic pre-
scription for schizophrenia in late life was initiated 15 years ago in some Asian
countries, including China, Japan, Hong Kong, South Korea, Taiwan, Thailand,
Malaysia, and Singapore (Chong et al. 2010; Xiang et al. 2012). The Research on
East Asia Psychotropics or REAP consortium is probably the biggest
psychopharmaco-epidemiological study in the world. Inpatient and outpatient stud-
ies showed a changing trend of prescription from first to second generation antipsy-
chotic medications and the gradual shift in prescriptive habit from polypharmacy to
monotherapy.
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Prevention

The recent publications on global mental health and the call for action have
highlighted inequity of services and human resource around the world (Becker and
Kleinman 2013; Lancet Global Mental Health Group 2007). However, in the
publications, primary prevention has not been adequately emphasized, and preven-
tive psychiatry in late life is not even mentioned. Sartorius (2002) enumerated four
sources of action in preventive psychiatry: first, mental health professionals should
advocate that measures for primary prevention be applied; second, promotion of
research on causes of mental disorders; third, undergraduate and postgraduate
psychiatric education to include primary preventive psychiatry; and fourth, building
alliances and supporting activities for primary prevention. Research on epidemiol-
ogy is not just as an exercise in counting but especially to learn ways to reduce
diseases’ effects on individuals and populations.

Health education to encourage lifestyle changes including exercise is an effective
method to prevent depression (Bridle et al. 2012; Rawtaer et al. 2015). Training to
detect early signs of depression should begin in medical school where teaching
programs should involve primary care posting with adequate exposure to cases of
depression in the early stages. Curriculum should be designed to help medical
students identify clinical and subsyndromal cases.

Primary healthcare has an essential role to play in the prevention, detection, and
management of mental disorders in late life. For many low-income countries, the
most cost-effective approach is community healthcare personnel educating,
supporting, and advising family caregivers of the elderly with mental disorders.
The high prevalence of depression and the low rates of detection and treatment are
challenges that require primary care doctors’ participation and collaboration with
psychiatrists (Chiu et al. 2009). Efforts to lower the prevalence of depression in the
elderly require improvement in the prevention and treatment of chronic physical
illnesses like hypertension and diabetes mellitus.

A major step toward primary prevention of depression is to encourage city
planners to design public places that will allow elderly people to congregate to
prevent social isolation and loneliness. Aging in place means that public housings
should be built with environment-friendly design for elderly people and common
spaces for young and old to meet. A challenge for policy makers is to plan cities not
just for youth but for all ages — accessible buildings, green environment, and
communal spaces to encourage social connectedness. A study of Chinese elderly
living in crowded accommodations in the Chinatown district of Singapore showed a
prevalence of depression of 5.7%. Another study of Chinese elderly in the suburbia
indicated a higher rate of 9.5%. The Chinatown elderly tended to congregate daily
along the common corridors of their flats or the community centers — they belonged
to the same dialect groups and there was daily social interaction; although poorer, the
environment provided a supportive ecological system. The suburbian elderly lived in
more affluent flats but did not meet as often or mixed as much with their neighbors —
they were more isolated. The social ecology of Chinatown bonded by clanship ties
provided a robust support network (Goh et al. 2015).
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There are now more robust studies to show that health education, lifestyle and
control of diabetes mellitus, and hypertension can prevent the onset or delay the
progression of dementia. Lifestyle modifications include exercise, long-term adher-
ence to a balanced diet, and cognitive training. Early multi-domain psychosocial
interventions for synergistic effects can reduce the incidence of dementia and
improve elderly people’s quality of life (Gill and Seitz 2015; Gillette-Guyonnet
et al. 2009). The FINGER randomized controlled trial by researchers in Finland has
shown that a multifaceted intervention that included diet, exercise, cognitive train-
ing, and vascular monitoring can improve cognitive health as assessed on a com-
prehensive neuropsychological test battery in a group of elderly aged 60-77 years
who were at risk of developing dementia (Ngandu et al. 2015).

The most cost-effective way to prevent dementia might be through dietary or
lifestyle interventions in communities at variable risk of cardiovascular disease.
Studies suggest that midlife history of disorders that affect the vascular system,
such as hypertension, type 2 diabetes, and obesity, increases the risk for dementia
(Skoog et al. 1996; Whitmer et al. 2005; Kivipelto et al. 2006; Luchsinger and
Mayeux 2004). Diets rich in fruits, vegetables, and fiber improve well-being and
significantly reduce development of the pathological processes. Tea, a beverage
originated from China and widely consumed among Chinese, has been suggested
to delay cognitive decline in old age (Feng et al. 2010).

The lower risk of dementia among population groups such as Chinese and rural
Indians are intriguing and suggest some possibly unique elements of Asian lifestyles,
including traditional dietary patterns (Scarmeas et al. 2009; Feng et al. 2009; Feart
et al. 2015). Research in dietary and nutritional factors (such as folate, fish and
omega-3 fatty acids consumption, turmeric, etc.) have been shown by a growing
body of evidence to contribute to the prevention of cognitive decline (Ng et al. 2006;
Venketasubramanian et al. 2010). In Korea and China, ginkgo biloba has been
consumed since ancient times for its medicinal value to improve memory. However,
the evidence of predictable and clinically significant benefit of ginkgo biloba for
people with dementia is still inconclusive (Birks and Grimley Evans 2007).

A nondrug program to promote mental health for the elderly (Wu et al. 2014)
includes health education and psychosocial interventions including tai chi exercise, art
therapy, mindfulness practice, and music reminiscence. This model is based on brief
integrative personal therapy (Feng et al. 2011), and participants showed improvements
in scores on the anxiety, depression, and cognitive scales. This inexpensive and cultur-
ally acceptable approach could be replicated in other communities (Rawtaer et al. 2015).

Conclusion

Epidemiological research can contribute to a better understanding of the etiology,
natural history, and prevention of a mental disorder. The main sources of variation in
the prevalence studies on mental disorders in late life lie in methods of identifying
cases, sample size, inclusion of elderly from institutional homes, range of ages
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covered, proportion of the very old, criteria of diagnosis, rates expressed as point
prevalence or period prevalence, and the interview instrument used.

Neuropsychiatric assessment is the best method to screen individuals for demen-
tia and depression in most developing countries. The mini mental state examination
(Folstein et al. 1975) has been translated into many languages, but its use as an initial
screening tool is limited because in many developing countries, the primary care
doctor has no luxury of time to administer a questionnaire which may take 20 min or
more. The challenge for researchers now is to construct a brief cognitive screening
questionnaire that is not biased by education or language and could be used in a busy
clinic in Asia, Africa, or Latin America where the healthcare professionals at the
primary care clinic are either a general practitioner or just a nurse.

Many older adults with mental disorders do not receive treatment, and those who
do are more likely to see a primary care doctor (Gallo and Coyne 2000). An
integrated service should link primary care and community clinics to specialist
service in the hospital. The array of services should also include day care centers
and respite facilities for family caregivers. In developed countries, long-term insti-
tutional care constitutes the main cost, whereas in developing countries, informal
care, usually at home, is invariably the only method of care.

Dementia is one of the main causes of disability in late life. People with dementia
are heavy consumers of health services, and in developed countries, most direct costs
arise from community and residential care. The societal burden due to dementia is set
to grow to epidemic proportion worldwide. Results of most studies show that the
majority of cases of dementia are in the community and not in institutional care — the
burden of care is in the family. Worldwide, family caregivers are the cornerstone of
support for people with dementia, and they experience significant psychological,
physical, and economic strain. Every effort to reduce the global impact of dementia
would be a worthwhile investment. Detection of mild dementia is crucial because the
putative medications and psychological interventions are more responsive in the early
phase. Interventional strategies in psychosocial therapy, diet, and stability of chronic
illnesses like diabetes mellitus and hypertension are critical in lowering the rates of
dementia. Such therapeutic measures will also improve the quality of life of the elderly
and prevent a rapid decline of cognitive functions. The natural history of dementia
may change with time with better medications and lifestyle change to halt its progres-
sion. Medications to stabilize diabetes mellitus and hypertension will also prevent
cognitive decline. It is suggested that an active lifestyle and balanced diet from early
life may be more effective in preventing cognitive decline than starting exercise and
taking nutritional supplements in late life. The biggest benefits in reducing the overall
burden of dementia can be achieved through policy and public health initiatives
promoting primary prevention of cognitive decline rather than efforts directed toward
the elderly who have developed dementia (Gill and Seitz 2015).

Epidemiological research is important to plan services for the elderly, but in many
countries especially in developing countries, although such services are scarce, there
is still a reluctance to visit mental health services because of the stigma of mental
illness. Names of terms like “dementia” and “schizophrenia” sound derogatory when
translated into the vernacular or local dialects in many Asian countries. Recently,
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there are attempts in China, Japan, and Korea to rethink such names and use more
appropriate and respectful terms so as to encourage more elderly people to seek help
early (Sartorius et al. 2014; Chiu et al. 2014). Low public awareness, underdiagno-
sis, and undertreatment may reduce the need for mental health service for the elderly.
Collaboration with the mass media to increase awareness and investment in training
for health professionals is important.

International collaborative studies like the 10/66 Dementia Research Group and
Research on East Asia Psychotropics or REAP have improved the quality of
psychiatric research methodology in many developing countries. The REAP con-
sortium has leveraged on the collaborative network as a platform for training clinical
and leadership skills of mental health professionals in many Asian countries
(Chauhan 2009; Chee et al. 2011; Wang et al. 2011; Li et al. 2013). This can be a
new paradigm for international epidemiological studies — to provide not just data for
service planning and preventive psychiatry, but also opportunities to improve train-
ing to ensure better quality of psychiatric practice and care in developing countries.
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Abstract

As the life expectancy increases dramatically, the burden of Alzheimer’s disease
(AD), the leading cause of dementia, becomes prominent worldwide. With the
rapid progress in biomarkers for the pathology of AD, the early diagnosis of AD
is possible, and the ethical issue of pre-dementia AD diagnosis has emerged. This
chapter discusses the advantages and disadvantages of early diagnosis of
pre-dementia AD. The advantages include: provide with appropriate treatment
for concomitant diseases, enhance protective factors and control risk factors,
alleviate the anxiety of uncertainty by making an accurate diagnosis, plan for
the future, and participate in clinical research, contribute to knowledge, and help
future generations. The disadvantages include: risks of false-positive or false-
negative diagnosis, possible negative emotional effects on the individuals and
their families, social stigma of the disease, costs of diagnostic work-up, and
additional workload for memory clinics and cognitive research centers. It is the
duty of the physicians to recommend whether AD biomarkers are needed as part
of the clinical evaluation due to the complexity of the dementia syndrome, and the
patient has to decide whether or not to proceed with these tests. Once people
decide to be diagnosed early, special communication skills for disclosure are
needed followed by education and support.

Keywords
Alzheimer’s disease * Ethics ¢ Early diagnosis * Benefits * Risks

Introduction

Medical advances over the decades have enabled physicians to diagnose and treat
diseases earlier and more effectively. This has led to a longer life expectancy. Within
two centuries from 1,800 to 2,000, life expectancy at birth rose from about 30 years
to a global average of 67 years and to more than 75 years in some countries (Riley
2001). In the last 30 years, approximately 2.5 years of longevity have been gained
every decade, both in Europe and in the United States (Garibaldi et al. 2010).
Unfortunately, because age is the main risk factor for dementia, there is a near
exponential increase of dementia prevalence with age, with numbers almost double
every 20 years to 115.4 million in 2050 (Prince et al. 2013). Alzheimer’s disease
(AD) is the most common cause of dementia, accounting for 60-80% of all cases
(International AsD 2013). Although there are many people who still believe that
dementia is part of normal aging, this misconception is gradually being changed
through international efforts to raise awareness of this disease (http://www.alz.org/
advocacy/global-efforts.asp [Internet]). With the announcement by former President
of the United States of America Ronald Reagan in 1994 that he was suffering from
AD, more attention is paid to this disease by the governments, medical professionals,
researchers, and the society. This is especially important as the increasing prevalence
of dementia has led to a significant financial burden estimated at US$604 billion
worldwide in 2010 (Wimo et al. 2013). In 2014, more than 15 million family
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members and other unpaid caregivers provided an estimated 17.9 billion hours of
care to people with AD and other dementias, equivalent to more than $217 billion in
the United States (2015). Dementia is also the most feared condition by people over
the age of 55 years (Brunet et al. 2012). Fortunately, with the combined efforts of
medical researchers and scientists worldwide, there is now a better understanding of
this disease.

AD is a progressive neurodegenerative disease. Its pathological hallmarks are
neuritic plaques from extracellular deposition of P-amyloid (AP) fibrils and
intraneuronal neurofibrillary tangles from aggregated hyperphosphorylated tau pro-
tein, leading to neurodegeneration and brain atrophy. At present, various biomarkers
can be used to diagnose these pathological processes in vivo. Cerebrospinal fluid
(CSF) Ap42 levels (Blennow and Hampel 2003) and amyloid positron emission
tomography (PET) imaging (Forsberg et al. 2008) can be used to diagnose amyloid
pathology, while CSF total tau, phosphorylated tau protein levels (Olsson et al.
2016), and tau PET agent (Mormino et al. 2014)F-AV-1451 (Scholl et al. 2016) can
be used to diagnose tau pathology. As these pathophysiological processes occur at
least 20 years before AD patients present with clinical symptoms (Villemagne et al.
2013; Bateman et al. 2012; Dubois et al. 2016), it is now possible to diagnose AD at
the pre-dementia stage, including asymptomatic preclinical stage of AD and mild
cognitive impairment (MCI). Preclinical AD is defined as presence of abnormal
B-amyloid and tau biomarkers with or without subtle cognitive impairment (Sperling
et al. 2011). Genetic studies in AD have led to the discovery of p-amyloid precursor
protein (APP), presenilinl (PSENI), and presenilin 2 (PSEN2) genes and the
apolipoprotein E €4 (APOEe4) allele, and one may present at the stage of asymp-
tomatic at risk (Villemagne et al. 2013; Bateman et al. 2012; Knopman et al. 2012;
Mormino et al. 2014; Reiman et al. 2012; Vos et al. 2013), called preclinical AD with
genetic risk factors. This was supported by studies from the presymptomatic auto-
somal dominant mutation carriers in the Dominantly Inherited Alzheimer Network
(DIAN) group and in the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
cohort. Subjects with APP, PSEN1, or PSEN2 genetic mutations have a 100% risk
of developing autosomal dominant AD (ADAD) (Bateman et al. 2011). APOEe4
allele carriers are also at higher risk of developing symptomatic AD when compared
to noncarriers. ADAD subjects present clinically at an earlier age (<65) with a
relatively rapid progress, while APOE¢4 carriers present with AD at a later age
(>65) with gradual progression. Longitudinal studies have also shown that preclin-
ical stage of AD is common in cognitively normal elderly people and is associated
with future cognitive decline and mortality (Vos et al. 2013). MCI is defined as the
presence of abnormal AD pathophysiological biomarkers and episodic memory
impairment (Sperling et al. 2011; Dubois et al. 2007; Albert et al. 2011). The risk
of MCI patients progressing to sporadic AD is high, and hence diagnosis at this early
stage is of great importance (Marcos et al. 2016; Levey et al. 2006).

The possibility of diagnosing these groups of people in the pre-dementia stage
will certainly result in new ethical issues on top of those classical ones faced in AD,
such as mental capacity to consent (Coast et al. 2015; Fields and Calvert 2015),
maintaining autonomy, and end-of-life care (Fields and Calvert 2015; Dunn et al.
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2015; Gauthier et al. 2013; Jongsma and van de Vathorst 2015; van der Steen et al.
2016). Do people really want to know if they are at the asymptomatic preclinical,
genetic at risk or MCI stage 20-25 years before onset of clinical AD? It is a hard
question for people to answer, even for physicians specialized in the cognitive field.
In this review, we will focus on the ethical issues, from the aspects of advantages and
disadvantages of early diagnosis in the pre-dementia stage of AD, and we hope that
readers can use the following information to weigh the benefits and risks and decide
if they would like to be diagnosed at this early stage of AD.

The Advantages of Knowing the Diagnosis of AD in Pre-dementia
Stage

At present, the diagnosis of preclinical AD using biomarkers is only applicable for
research studies and not for clinical practice. Guidelines are being made for the
appropriate usage for these biomarkers in clinical practice only for certain symp-
tomatic patients (Johnson et al. 2013). However with further validation and stan-
dardization of these biomarkers, these tests may eventually be used in clinical
practice in the future (Winblad et al. 2016). This will allow earlier diagnosis and
hopefully earlier treatment to prevent progression of this disease and access to social
support for patients and caregivers.

Provide Appropriate Treatment for Concomitant Diseases

This is extremely important for physicians who see patients in the clinic when they
present with subtle or mild cognitive impairment, to diagnose the underlying cause
early, especially for conditions which are treatable and reversible. Some are systemic
conditions such as hypothyroidism, vitamin B12 deficiency, and obstructive sleep
apnea, while others are more localized to the brain, such as cerebral vascular disease,
brain tumor, cerebral autoimmune disease, trauma, and normal pressure hydroceph-
alus. These underlying conditions may be sole or additive. If we advocate early
diagnosis and increase this awareness to both the society and physicians, people with
early cognitive symptoms or concerns will be encouraged to seek consult earlier.
However, it is noted that in the primary care setting, between half and three quarters
of people with cognitive impairment have no formal diagnosis (Lopponen et al.
2003; Boustani et al. 2003; Valcour et al. 2000). If these patients have treatable
concomitant conditions, their cognitive impairment may be reversible after prompt
and appropriate therapy. Many diseases have therapeutic time windows, and delayed
treatment may lead to irreversible cognitive impairment. From this point of view,
early diagnosis is of great importance to both physicians and patients.

Enhance Protective Factors and Control Risk Factors

The onset of cognitive decline in AD is dependent on genetic factors (Mormino et al.
2014; Lim et al. 2015), cognitive reserve (Rentz et al. 2010; Roe et al. 2011), medical
comorbidities that contribute to cognitive function (mood, sleep, endocrine and
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primary cardiopulmonary, renal and hepatic disorders), and lifestyle factors (such as
exercise and diet) (Head et al. 2012; Liang et al. 2010; Wirth et al. 2014). Some of
these factors are modifiable and are either detrimental or beneficial to the patho-
physiology of AD. Addressing these risk factors early in subjects at the pre-dementia
stage is definitely crucial. The Alzheimer’s Association reported in 2015 that from
the population-based perspective, regular physical activity and management of
cardiovascular risk factors reduce the risk of cognitive decline and may reduce the
risk of dementia (Baumgart et al. 2015). Findings from a 2-year randomized
controlled trial also suggest that a multi-domain intervention involving diet, exer-
cise, cognitive training, and vascular risk monitoring could improve or maintain
cognitive functioning in at-risk elderly people from the general population (Ngandu
et al. 2015). The early knowledge of unmodifiable risk factors may also lead to a
change in modifiable risk factors as shown in studies where ApoE4 carriers made
health-related behavioral changes compared to ApoE4 noncarriers to reduce their
dementia risk (Chao et al. 2008; Vernarelli et al. 2010). The total number of
Americans above 65 years old with AD will decrease from 5.6 million in 2010 to
4 million in 2020 by delaying the onset of AD by 5 years (OECD 2014). These
findings support the notion of early diagnosis and early risk modification, especially
when no disease-modifying drugs for AD are available at present.

Alleviate the Anxiety of Uncertainty by Making an Accurate Diagnosis
Genetic risk factors play variable roles in AD presentations. As we mentioned in
the introduction, subjects with APP or PSEN genetic mutations have almost 100%
risk of developing early-onset symptomatic AD (Bateman et al. 2011), while
APOE¢e4 allele carriers have a higher risk of developing late-onset symptomatic
AD when compared to noncarriers (Hauser and Ryan 2013). People with a positive
genetic family history may want to know early if they also have the same gene
mutations or APOEe4 allele. This is especially relevant when one witnesses his
family member suffer from AD with gradual decline of his mental capacity; he
may want to know if he has the same genetic disorder and eventually develop the
same disease.

In a separate scenario, when one is experiencing progressive memory decline,
slower thinking, and other types of cognitive changes, the thought of a possible
diagnosis of AD and the uncertainty of one’s future can be stressful.

An early diagnosis in these two situations can help to alleviate anxiety and
uncertainty and allow one to plan the future better.

Plan for the Future

Knowing that one is in the pre-dementia stage of AD and understanding the
prognosis of this disease can undoubtedly make one anxious and possibly depressed.
This point is quite common and important in persons with a family history of ADAD
which one has a 50% risk of inheriting the same genetic mutation (APP, PSENI, or
PSEN2 gene). If indeed one has the same genetic mutation, then the risk of
developing clinical AD is 100% (Hooper et al. 2013). ADAD has a much earlier
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age of onset compared to sporadic AD and is labeled as early-onset AD (Bateman
et al. 2012). A recent study of persons with genetic at risk for early-onset AD found
that baseline interest in being tested for the genetic mutation was 44% (Hooper et al.
2013), and few people actually chose to be tested. A 2001 clinic-based study of
persons at risk for ADAD or frontotemporal dementia found that only 8.7% chose to
be tested (Steinbart et al. 2001). This scenario has been portrayed in the film “S#//
Alice”, in which the main character Alice suffered from ADAD and her three adult
children had to make the decision of whether to go for genetic testing. Two chose to
test for the genetic mutation, while one decided not to. Although the news that one
daughter tested positive for the genetic mutation threw the whole family into deep
sorrow, this was transient, and the family managed to support each other, arrange
their lives, and plan for the future. Therefore, if the attending physician and genetic
counselor can disclose the bad news through good communication and subsequently
offer good social support, we hope that people with such genetic mutations will have
an opportunity to plan for their future. Early diagnosis can empower patients and
their carers to make important decisions about future treatment, care, and life in
general (Derksen et al. 2006; Joosten-Weyn Banningh et al. 2008) and have an
opportunity to plan how to spend the rest of their lives, how to organize their
finances, and when to stop working (Dempsey 2013).

Participate in Clinical Research, Contribute to Knowledge, and Help
Future Generations

Although treatment of AD is still symptomatic at present with cognitive enhancers,
significant knowledge has been obtained through basic science and clinical research.
In the past two decades, many drug trials have failed, including those targeted at Ap
(Giacobini and Gold 2013; Vellas et al. 2013) and those at the mild to moderate stage
of AD (Joosten-Weyn Banningh et al. 2008). This may be due to selection of
subjects at the later stage of the disease. Even if the AP aggregation has been
eradicated, the substantial neuronal network dysfunction and loss may become
irreversible, leading to permanent and progressive cognitive decline. If intervention
is introduced at an earlier stage of the disease, the results of clinical trials may
potentially be promising. Hence, if people with pre-dementia AD (either genetic or
sporadic) come forward to get diagnosed early and take part in clinical research, this
can definitely lead to better understanding of this disease and further progress in the
research of this disease which can benefit both themselves and future generations
including their family members.

Regarding mental capacity to make an informed consent, participants at the
pre-dementia stage of AD will have full mental capacity compared to participants
in the later stages of the disease. They would be in a better position to protect their
autonomy, understand and weigh the pros and cons of an early diagnosis, and
express their opinion about what risk is acceptable in the informed consent. Other
than medical examination, investigations, and medical counseling which are covered
by research grants, participation in such clinical trials may also enhance their self-
confidence, self-worth, and the perceived society value (Albert et al. 1997).
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The Disadvantages of Knowing the Diagnosis of AD in Pre-
dementia Stage

After going through the advantages of making an early diagnosis of pre-dementia
AD, it is also important to know that there are various disadvantages as well. So what
are the disadvantages of knowing diagnosis of pre-dementia AD early?

Risks of False-Positive or False-Negative Diagnosis

This is always a challenge to all physicians when making a diagnosis, and
pre-dementia stage of AD is no exception. As patients in the pre-dementia stage of
AD have mild or no symptoms, the confirmation of diagnosis is largely dependent on
biomarkers. In the recent decade, there are great advancements in the field of
dementia biomarkers for amyloid and tau pathology. From early CSF Af;_4,
(Roher et al. 1993) to recent tau-PET imaging (Scholl et al. 2016), more biomarkers
for Alzheimer’s pathology are now available. However, there are some uncertainties
regarding the interpretation of some of these biomarkers (Olsson et al. 2016; Wu
et al. 2011; Lingler and Klunk 2013). Both sensitivity and specificity of these
biomarkers need to be improved to minimize making false-positive or false-negative
diagnoses. People with AD pathology diagnosed solely using biomarkers (preclin-
ical AD) may not necessarily progress into clinical AD, while people who do not
have the typical AD pathologies in biomarker testings may later develop into AD
(Olsson et al. 2016). The correlation between biomarkers and the degree of cognitive
impairment is not straightforward — some people function well despite having the
typical plaques and tangles in their brains.

There is still uncertainty about a diagnosis based on biomarkers without full
validation (Frisoni and Hansson 2016). Therefore, strict quality control for the use of
these biomarkers is extremely critical, and public understanding of the probabilistic
versus deterministic nature of biomarkers needs further improvement.

Possible Negative Emotional Effects on the Individuals and Their
Families

This is especially relevant to asymptomatic people with positive family history of
genetic mutations for ADAD. As previously discussed, the risk of developing
symptomatic AD in subjects with autosomal dominant genetic mutations is almost
100% (Bateman et al. 2011). Without proper genetic counseling prior to testing, the
diagnosis of having the genetic mutation can make one anxious, depressed, and
possibly suicidal. This needs to be considered seriously as early diagnosis of a
genetic disease at an asymptomatic stage can induce psychological stress. For
example, preclinical and early diagnosis of Huntington’s disease (HD) is associated
with more suicidal behavior (Bird 1999). A survey of random participants in five
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different European countries found that approximately two-thirds of respondents
would like to know whether they would get AD before they had symptoms (2015).
In the REVEAL study, participants who exhibited a high degree of emotional
stress before undergoing genetic testing for carrying the APOEe4 allele were more
likely to have negative emotion after disclosure (Green et al. 2009). However,
further investigation showed that attitudes of people toward early diagnosis of AD
may vary with time. The accuracy of the tests, availability of effective treatment,
and anonymity of results can all influence one’s decision of going for early
diagnosis (Huang et al. 2014). One way to reduce potential stress is to provide
continuous counseling throughout the study or through social forums where open
discussions can take place (Billings and Moos 1985). Public understanding of AD
needs to be improved with public forums, and the disclosure of the diagnosis
should be conducted by staff with specialty and skills, maybe in some specific
procedure (Lingler and Klunk 2013; Kim et al. 2015; Roberts et al. 2013).
Gauthier (Gauthier et al. 2013) and Pepersack (2008) propose a framework for
diagnostic disclosure to reduce practice variation and improve average quality of
care: before disclosure, determining the willingness of patients and their family
members on the diagnosis, identifying the coping style of and the psychological
profile of the patient and his or her entourage, and making an appointment to
convey the diagnosis and related information. The disclosure phase includes
establishing what the patient and his or her family want to know about AD
using appropriate words. The diagnosis should be directed first and foremost to
the patient, with the proviso that should the disease be in its initial stages, the
patient’s family should not be informed of the diagnosis without the patient’s
consent; after the disclosure, ensure that the patient understands the information
presented, and provide contact information for psycho-education programs and
scheduling of a follow-up meeting.

Social Stigma of the Disease

The social stigma of this disease is another potential issue which may affect
persons at the pre-dementia stage of the disease, even when they have no symp-
toms, with almost normal behavior and social function. Worries about loss of or
failure to obtain social and economic benefits such as employment and insurance
may discourage people from seeking medical consult early, even though they may
wish to know their diagnosis early or participate in a prevention trial. This may be
the foremost ethical obstacle to be overcome, which involves social justice in terms
of opportunities, insurance, and rights within a society. Furthermore, providing a
label to the individual may elicit behavior that is perceived as belonging to this
label, which is illustrated in a study where APOEe4 carriers who were told had
poorer performances on objective verbal memory tests compared to their non-
disclosure counterparts who carried the same alleles (Lineweaver et al. 2014). As
we educate the society and introduce laws, the benefits of these people will be
protected and safeguarded.
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Costs of Diagnostic Work-Up

Tests for early diagnosis of AD are not used in routine clinical practice and are not
covered by insurance company (Frisoni and Hansson 2016). The cost of these tests
will be high, especially for brain magnetic resonance imaging (MRI) and PET scan,
and the one-off cost for a dementia screening may be up to US$5000 (£3,200;
€3,800) (Le Couteur et al. 2013). Costs of diagnostic work-up will definitely be
increased even when people use their own money without reimbursement (Frisoni
and Hansson 2016). The quest for sustainability in health care, in which health-care
expenditures will need to be restricted, gives added urgency to the ethical issue of
justice. Besides this economic cost, the diagnostic processes can be distressing,
alarming, and stigmatizing as well (Manthorpe et al. 2013).

Additional Workload for Memory Clinics and Cognitive Research
Centers

Screening for preclinical AD would mean additional workload for memory clinics.
In positive subjects, the educational and counseling burden will be tremendous,
given the current standards for genetic counseling for AD genetic tests and similar
counseling needs for biomarker test results (Goldman 2012).

Conclusions

Due to high prevalence of AD and the lack of disease-modifying drugs at present,
health care in AD is facing a great challenge. With the availability of biomarkers for
the pathology of AD, the diagnosis of AD at the pre-dementia stage is now possible.
However, it is a dilemma for patients and physicians whether to know this diagnosis
early. There are both benefits and risks. It is the duty of the physicians to recommend
whether AD biomarkers are needed as part of the clinical evaluation due to the
complexity of the dementia syndrome, and the patient has to decide whether or not to
proceed with these tests. Once people decide to be diagnosed early, special commu-
nication skills for disclosure are needed followed by education and support.
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Abstract

Alzheimer’s disease is the main type of dementia in aging populations and is
characterized by a progressive impairment in cognitive abilities associated with
behavioral and psychological changes and a progressive loss of autonomy. Other
dementia syndromes in aging can, however, be observed but their frequency is
lower. The present chapter will describe the clinical course and aetiologies of the
main dementia syndromes in elderly populations as well as the main therapeutic
options for the management of dementia.
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Introduction: Dementia, an Overview

More than 40 million individuals are currently living with dementia worldwide.
Alzheimer’s disease (AD) is the more frequent type of dementia, accounting for up
to 65% of all causes of dementia, depending on studies (Brunnstrom et al. 2009),
with a average prevalence around 45% (Goodman et al. 2016). Beside AD, other
types of dementia syndromes can be observed and will be described in the chapter.

Most recent studies indicated a plateau in the increased prevalence of dementia,
most particularly in high-income countries that could be partly explained by a better
control of associated cardiovascular risks (diabetes, obesity, dyslipidemia). In low-
and middle-income countries, however, the total number of individuals with demen-
tia will continue to increase.

Time course and lead symptoms usually provide reliable information on the
putative underlying dementia subtypes (predominance of memory, behavioral,
speech, and vision impairments), but the recent development of in-vivo biomarkers
(CSF markers, neuroimaging) tend to increase the accuracy of clinical diagnoses and
highlighted the importance of atypical clinical presentations.

Overview of the Main Dementia
Epidemiology and Risk Factors of Dementia

Epidemiology
The prevalence of dementia increases with age but may differ according to the
subtypes of dementia.

Alzheimer’s Disease

The prevalence of AD after 65 years is currently estimated at around 7% worldwide,
but AD remains largely under diagnosed. Prevalence of AD also increases with age.
AD accounts for around 45% of all causes of dementia (Goodman et al. 2016).
Incidence of dementia is, however, different across countries with a lower incidence
in occidental countries partly due to a better control of cardiovascular risk factors.
On the other hand, an increased incidence is being observed in newly industrial
countries, such as China, where these factors only started to be taken into account in
the health policies. Early-onset AD individuals are getting more and more recog-
nized and are often related to genetic mutations.

Other Dementias

The second cause of dementia, after AD, is vascular dementia (~30% of dementia)
(Kalaria et al. 2008), followed by dementia with Lewy bodies (DLB) (up to 10% of
all dementia cases). DLB represents the second cause of neurodegenerative dementia
in older people (McKeith 2004) and affects 0.7% of subjects aged more than 65.
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Frontotemporal dementia (FTD) is the second most frequent form of presenile
dementia following Alzheimer’s disease with a prevalence of 15-22 per 100,000 in
the age group between 45 and 65 years (Kurz et al. 2014).

Other types of dementia syndromes are less prevalent. Progressive supranuclear
palsy (PSP) and corticobasal syndrome are more rare disease. The age-adjusted
prevalence for PSP is 6.4 per 100,000 (Schrag et al. 1999).

Risk Factors

Several risk factors have been identified in AD and related disorders and are

presented below.

Alterable Risk Factors

High blood
pressure

Diabetes

Dyslipidemia

Tobacco

Obesity

1. Cardiovascular risk factor

Relationship between high blood pressure (HBP)
and neuropathological lesions of AD, cerebral
atrophy, senile plaques, and neurofibrillary
tangles.

Association between HBP during “middle life”
and cognitive decline and dementia, but HBP
during “late life” not associated with cognitive
decline.

Systolic blood pressure > 160 mmHg associated
with more senile plaques in neocortex and
hippocampal cortex.

Diastolic blood pressure > 95 mmHg associated
with more important neurofibrillary tangles in
hippocampal cortex.

Association between diabetes and risk of
developing AD and vascular dementia. Different
mechanisms could be involved: direct effect of
diabetic vasculopathy and indirect effect
promoting neuropathological lesions.

Products of carbohydrates degradation could be
involved in the pathogenesis of AD. The role of
insulin degradation enzyme in metabolism
control of the B amyloid protein in the brain is
possible with also an interaction with APOE4.
Associations between diabetes and hippocampal
cortex atrophy; insulin resistance was correlated
with amygdala cortex atrophy.

High cholesterolemia level during “middle life”
has been associated with an increased risk of AD.
Only one large prospective study demonstrated
that cumulated smoking exposure accelerated
cognitive decline among nondemented
individuals with a dose response relationship.
The relation between weight and AD has been
demonstrated.

(Petrovitch et al. 2000)

(Tzourio et al. 1999;
Qiu et al. 2005)

(Biessels et al. 2006)

(Bian et al. 2004)

(den Heijer et al. 2003)

(Sambamurti et al.
2004)

(Ott et al. 2004)

(Stewart et al. 2005;
Whitmer et al. 2005)

(continued)



antioxidants and decreased risk of dementia.
Despite discordant results, a possible beneficial
effect of vitamin E, vitamin C, carotenoid, and
selenium has been discussed
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First, loss of weight could represent a precocious
sign of dementia and can occur long time before
diagnosis.
2. Nutritional factor
Antioxidants Several studies have shown a relation between (Engelhart et al. 2002)

Poly unsaturated
fatty acid
(PUFA)

Higher risk of cognitive decline among
individuals with high level of PUFA omega-6 and
conversely decrease risk for individuals with high
level of FPUA omega-3.

(Heude et al. 2003)

Vitamin B and
Folate

Animal studies suggest that folate deficit may be
at the origin of the amyloid genesis. Folate
consumption and other group B vitamins is a
determinant of homocysteine plasma level.
Supplementation in vitamin B6, folate, and B12
required in case of documented deficiency.
Supplementation in vitamin B6, B12, and folate
in case of documented deficiency is still the rule.
The research of a vitamin deficiency is necessary
in an alimentary deficiency context.

Indeed, there exist an inverse relationship
between homocysteine rate and food intake or
plasmatic rate of B6, B12, and folate take.

(Luchsinger et al.
2007; Ravaglia et al.
2005)

3. Physic activity

Association between regular and sustained
physical activity and cognitive decline or
dementia among individuals aged 65+

(Weuve et al. 2004;
Abbott et al. 2004)

4. Education

Low educational level, evaluated by formal years
of education, is associated with increased risk of
developing AD

(Letenneur et al. 1999)

5. Cognitive activity and social network

Hobbies like reading, playing, dancing,
gardening, travelling have been associated with a
decrease risk of AD and others dementia.

(Wang et al. 2006)

Level of social engagement during “middle life”
(unlike during “late life” for individuals with low
social engagement) was not associated with an
increased risk of dementia. In late life, however,
individuals with low social engagement had
increased risk of developing dementia.

(Saczynski et al. 2006)

Several studies have showed the protective role of
social network on cognitive decline

(Fratiglioni et al. 2004;
Bennett et al. 2006)
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latrogenic Factors

Anticholinergic The general view is that anticholinergic-

Effect induced cognitive impairment is reversible after
discontinuation of medications with
anticholinergic effect. However, several
investigators have reported that anticholinergics
may be associated with an increased risk for
sustained cognitive deficits, such as mild
cognitive impairment or dementia.
One biologically plausible mechanism for these
findings is that cumulative use of these agents
results in pathologic changes in the brain
similar to those observed with AD.

A prospective population-based cohort among | (Gray et al. 2015;
individuals aged 65 4 without dementia at Reppas-Rindlisbacher et
study entry has shown, after a 10-year follow- al. 2016)
up, that higher cumulative anticholinergic use is
associated with an increased risk for dementia.
Indeed, for a cumulative daily dose of
anticholinergic drugs during 3 years or more,
patients had a 50% increased risk of dementia.
The most common anticholinergic classes used
were tricyclic antidepressants, first-generation
antihistaminic agents, and bladder anti
muscarinic agents.
Physicians have to be careful with
anticholinergic drugs as shown in a recent large
cohort study in Ontario, Canada, of 79,067
community dwelling and long-term care
residing older adults. Community dwelling
participants consulted an average of eight
different physicians in the year after a newly
prescribed cholinesterase inhibitor drug. The
odd of high anticholinergic drug burden
(measured with anticholinergic risk scale
> = 2) in this prior year was 24% higher for
every five additional physicians providing care
(OR = 1,24 (1,21-1,26) IC 95%.
Benzodiazepines | Regarding benzodiazepines, the link with
cognitive decline is yet debated; a short-term
prescription is still the recommended.



Genetic Factors

Other Factors

Cardiac diseases

Chronic obstructive
pulmonary disease and sleep
apnea syndrome

Traumatic brain injury

Hydric aluminum

Pesticides exposure

Occupational risk

Several pathologies and environmental
factors have been discussed as risk factors
of dementia, but scientific evidences are
currently too contradictory and/or
insufficient to conclude.

1. Medical factors

Atrial fibrillation, Heart failure, Coronary
heart diseases, with the hypothesis of a
chronic brain hypoperfusion

Associated with cognitive decline and
affect short term and verbal memory and
attention

Associated with significant impact to
develop AD in several cohort studies and
one meta analysis.

Neuropathological lesions similar to AD
have been described in ex-boxers after
repeated brain traumatic lesions.

2. Environmental factors

Increased risk of dementia or AD
(RR1.5-2.5) for a hydric aluminum
concentration higher than 100 or 110 mg/1.
Pesticides exposure has shown a moderate
effect on cognitive performance
Exposure to magnetic fields and work in
the following domains: electricity, phone,
transport, or solvents were studied.

Many study results are, however,
negative.

The Main Dementia Syndromes

Clinical Course of Dementia
Over the years, diagnostic criteria for dementia have evolved and currently include
biomarker evidences (whenever they are available as part of daily routine assess-
ments) in addition to usual clinical symptoms, at least for AD, the most frequent type
of dementia. In addition, intermediate clinical stages likely at risk of developing
dementia, described as Mild Cognitive Impairment (Petersen et al. 1999) or, more
recently, Mild Neurocognitive Disorder (DSM-5), have to be considered. These
stages are characterized by a marked cognitive decline without significant conse-
quences on daily personal autonomy. Several features forming the cognitive deficit
of dementia are usually described and may vary in their chronology and severity
according to the type of dementia and can be summarized as follows:

D. Bensamoun et al.

(Incalzi et al. 1997)

(Fleminger et al.
2003; Plassman et
al. 2000)

(Rondeau et al.
2000; Rondeau
2002)

(Baldi et al. 2003)
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— Decline in memory abilities. Memory in recent events is usually impaired with
spared memory for older events (at least in the beginning of the disease).

— Decline in attentional and executive functions. Executive functions refer to the
classical frontal syndrome, involving several cognitive abilities such as initiation,
planning, working memory, organization of information, selective and sustained
attention, spatial orientation.

— Decline in language abilities such as word finding difficulty.

— Decline in visuospatial abilities.

Cognitive disturbances in dementia can be assessed using dedicated neuropsy-
chological tools such as interviews and questionnaires (Jansen et al. 2016). The use
of new type of cognitive assessment methods involving Information and Commu-
nication Technologies (ICT) is also currently growing (Robert et al. 2013). In
addition to cognitive impairment, behavioral and psychological symptoms in
dementia (BPSD), also called neuropsychiatric symptoms, are frequently observed
in dementia. They often may precede the onset of the cognitive decline and may
occur all along the evolution of the disease. They usually have a negative impact on
the disease process and must be sought absolutely during the successive evaluations
of the dementia course.

More recent diagnostic criteria for AD have proposed to add biomarkers evi-
dences such as specific genetic mutations or specific functional neuroimaging
patterns (Dubois et al. 2010, 2014; Albert et al. 2011; McKhann et al. 2011; Morris
et al. 2014). These recent criteria often require having access to specific technical
platforms such as brain imaging platforms and/or biological platforms, and there-
fore, the more recent diagnostic criteria for dementia syndromes cannot be applied in
daily routine in all types of medical settings.

Alzheimer’s Disease

Cognition

Typical AD is characterized by impairment of recent memory, such as inability to
remember important recent events (days or weeks ago), whereas older memories
such as childhood events are usually spared. Initial memory disturbances in AD
are recognized as deficits in the storage of new information, the episodic memory
deficit, associated with specific patterns of responses on words-recall memory
tests (deficits in free recall without cueing effect and presence of intrusion errors)
(Sarazin et al. 2007). Language is also frequently affected in AD with difficulties
in finding correct words during spontaneous speech. Object naming and verbal
fluency might be also impaired in moderate stages of AD. Impairments in
executive functioning are also described but usually not during the early stages
of the disease. During the evolution of AD, the aphasia (impairment of lan-
guage)-apraxia (difficulties in motor planning to perform movements)-agnosia
(difficulties in recognizing and process sensory information) syndrome is usually
reported.



8 D. Bensamoun et al.

Behaviors

Up to 70-90% of individuals living with dementia will experience BPSD, at least
once, during the evolution of AD (Lyketsos et al. 2000). Twelve subtypes of BPSD
are commonly described using the Neuropsychiatric Inventory (NPI) (Cummings
1997). Among them, apathy is the most frequent symptom, followed by anxiety and
depression. Apathy is usually observed from the earliest to the most severe stages of
the disease whereas several BPSD are more frequent at the beginning (depression,
anxiety) or later in the disease process (delirium, hallucinations, agitation). BPSD
contribute to the severity of the dementia syndrome and increase the caregivers’
burden.

Several factors can lead to BPSD. Some of them are directly in link with the
neurodegenerative process (disruption in neurocircuitry), others are related to the
subject’s personality or are alterable factors such as acute medical problems, unmet
needs (pain, anxiety, fear), environmental factors (over- or understimulation, lack of
established routines, lack of activities), caregiver factors (lack of education on
dementia, excessive burden, communication issues) (Kales et al. 2015). Alterable
factors require specific attention in order to reduce BPSD severity. The main BPSD
are delusions, hallucinations, agitation/aggression, depression/dysphoria, anxiety,
euphoria/elation, apathy/indifference, disinhibition, irritability/lability, aberrant
motor behavior, nighttime behavior with sleep disturbances, appetite/eating disorder.

Functioning

The inability to maintain the autonomy for the main activities of daily living (make a
phone call, prepare the pillbox, cooking, and shopping) is progressive in the course
of AD. The loss of autonomy is usually a required criterion for the definition of
dementia.

Other Types of Dementia

Vascular Dementia
In 1993, the NINDS-AIREN criteria for the diagnosis of vascular dementia were
established and highlighted the heterogeneity of vascular dementia syndromes and
aetiologies including ischemic and hemorrhagic strokes, cerebral hypoxic-ischemic
events, and senile leukoencephalopathic lesions. The clinical course may be static,
remitting, or progressive. Subjects may present specific clinical signs (e.g., gait
disorder, incontinence, or mood and personality changes) that support a vascular
rather than a degenerative cause. A temporal relationship between stroke and
dementia onset increases the probability of the diagnosis. Vascular lesions can be
observed on brain imaging. Subjects usually present impairments in multiple cog-
nitive domains. Neuropathological analyses can confirm the diagnosis (Roman et al.
1993).

The term Vascular Cognitive Impairment has been recently proposed (APA 2013)
and take into account the different degrees of severity of neurocognitive impairment
(minor or major).
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The most important cerebrovascular pathology that contributes to cognitive
impairment is cerebral infarct. Cerebral infarcts are discrete regions of tissue loss.
In clinical-pathological studies, larger volumes and an increased number of macro-
scopic infarcts are associated with an increased likelihood of dementia. However,
there are no currently accepted neuropathological criteria to confirm a clinical
diagnosis of VCI (Gorelick et al. 2011). The location of the infarct too plays a role
in cognitive impairment (Jellinger 2008). Other common vascular brain lesions can
be observed in elderly populations, including white matter degeneration and primary
vessel disease (i.e., arteriolosclerosis/lipohyalinosis, atherosclerosis, and cerebral
amyloid angiopathy that is characterized by amyloid deposit in arterial walls) and
hemorrhages. Hippocampal atrophy, usually attributed to a neurodegenerative
actiology, may also be caused by vascular disease (Gorelick et al. 2011).

As there are no neuropathological criteria, vascular cognitive impairment is a
clinico-radiological diagnosis. MRI permits to assess vascular lesions as strokes,
leukoencephalopathy, and atrophy. Vascular lesions are frequent and are often
associated with neurodegenerative diseases.

Dementia with Lewy Bodies

DLB is a dementia characterized by fluctuating cognitive deficit, visual hallucina-
tions, and Parkinsonism. The cognitive profile is mainly an executive and attention
deficit association with visuospatial troubles. Memory is preserved at the beginning
of the disease. Fluctuations can be observed over minutes, hours, or days due to
variations in attention. The second clinical feature is the presence of visual halluci-
nations. These are usually vivid colorful and animate images. Patients may present
also with delusion, apathy, and anxiety.

Parkinsonism is present in 25-50% of patients with DLB at the time of the
diagnosis, with greater postural instability and facial impassivity and less tremor.
Rapid-eye-movement (REM) sleep behavior disorder and autonomic failure with
dizziness, syncope, falls, or urinary incontinence can occur. The sensitivity to
antipsychotic medications is another characteristic of the disease (Walker et al.
2015). The evolution is progressive and it is not clear yet if survival is worse in
DLB or not different, compared to Alzheimer disease (McKeith 2004).

During the third consortium of DLB, a new scheme has been proposed for the
pathologic assessment of Lewy bodies (LB) and Lewy neurites (LN) using alpha-
synuclein immunohistochemistry and semiquantitative grading of lesion density.
The pattern of regional involvement is more important than the total LB count
(brainstem, limbic, or neocortical region predominant). These new criteria take
into account both Lewy-related and Alzheimer disease (AD)-type pathology to
allocate a probability that these are associated with the clinical DLB syndrome
(McKeith et al. 2005).

Dementia Related to Parkinson’s Disease (PDD)
Clinical features in DLB and PDD are similar. Dementia in Parkinson disease is
characterized by the occurrence of cognitive or behavioral troubles with a loss of
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autonomy in subjects with a diagnosis of Parkinson disease. Visual hallucination
may occur too.

The prevalence of dementia in PD is close to 30% and at least 75% of individuals
with PD who survive for more than 10 years will develop dementia (Aarsland and
Kurz 2010).

To separate DLB from PDD, an arbitrary limit of 1 year is currently used: if
dementia occurs before or in the first year after Parkinsonism, it will be classified as
DLB.

Neuropathological lesions are similar in Parkinson disease dementia and in DLB:
Lewy lesions are found in the brainstem and are also abundant in the isocortex
(Duyckaerts and Hauw 2003).

Frontotemporal Dementia

Frontotemporal Dementia (FTD) results from degeneration of the frontal and tem-
poral lobes and usually begins before the age of 65. Three clinical features are
usually described according to the localization of the brain lesions. The behavioral
variant is characterized by disinhibition, social inappropriateness, apathy, loss of
empathy, jocularity, blunting of affects, repetitive behaviors, and hyperorality. Echo-
lalia, reduced verbal output, and mutism may occur at later stages. Cognitive
troubles are mainly executive dysfunction with impairment of activities of daily
living. Cerebral imaging may reveal ventromedial frontal and anterior temporal
atrophy (Rascovsky et al. 2011).

Another syndrome is the nonfluent variant of Primary Progressive Aphasia.
Subjects have difficulties finding words, an effortful and halting speech, paraphasias,
grammatical errors, and limited comprehension of complex sentences. Activities of
daily living are compromised by impaired verbal communication. Aphasia may be
accompanied by defective motor planning and programming of speech (apraxia of
speech). This syndrome is linked to atrophy in left inferior frontal and anterior
superior temporal regions (Grossman 2012).

The semantic variant of primary progressive aphasia (svPPA) or semantic demen-
tia is characterized by a fluent but circumlocutory speech, impaired word finding,
naming and single-word comprehension, as well as loss of word and object meaning
leading to an impairment of daily living abilities. Imaging shows asymmetric (left >
right) atrophy of the anterior and inferior temporal lobe (Gorno-Tempini et al. 2011).

These three syndromes may be associated with movement abnormalities and with
features of Progressive Supranuclear Palsy, corticobasal degeneration, and
amyotrophic lateral sclerosis.

Four histolopathologic types can be observed. They usually show neuronal loss
and astrocytic gliosis as common features but differ with regard to the abnormal
processing and deposition of specific proteins. Nowadays three major proteins have
been identified: microtubule-associated protein Tau, transactive response DNA-
binding protein (TDP), and tumor-associated protein fused in sarcoma (FUS), one
protein remains unknown. A family history of FTD is found in 30-50% of cases,
with one third showing an autosomal dominant mode of transmission. Five genes
have been identified: microtubule-associated protein Tau (MAPT), chromosome 9
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open reading frame72 (C9orf72), progranulin (GRN), charged multivesicular body
protein 2B (CHMP2B), and valosin containing protein (VCP) (Kurz et al. 2014).

Primary Progressive Aphasia (PPA)

PPAs are paradigmatic disorders of language network breakdown associated with
focal degeneration of the left cerebral hemisphere. They are defined by language
troubles that remain isolated for at least 2 years, followed by other cognitive
functions that may be impaired such as memory and executive functions.

Three PPA syndromes are described: semantic dementia (SD) and progressive
nonfluent aphasia (PNFA) that we described in previous paragraph, and logopenic/
phonological aphasia (LPA) (Mesulam 2001).

LPA is characterized as a primary phonological loop deficit resulting in impaired
verbal short-term (phonological) memory, impaired sentence repetition, and com-
prehension with sparse spontaneous speech and frequent prolonged word-finding
pauses. Anatomically, brain atrophy may be observed in the left posterior temporal
cortex and inferior parietal lobule (Gorno-Tempini et al. 2008).

Recent studies suggest that AD may be the most common pathology underlying
the LPA clinical syndrome (Magnin et al. 2015). This variant of PPA represents a
specific form of AD.

Progressive Supranuclear Palsy
Individuals with the classic PSP-Richardson syndrome (PSP-RS) represent more
than 50% of the cases and usually develop their first symptoms in their mid-60s. The
characteristic features are postural instability with unprovoked falls, mostly back-
wards, axial Parkinsonism, and supranuclear gaze palsy with restriction of the range
of vertical gaze.

Executive and inhibition deficits are the most prominent cognitive features
(Litvan et al. 1996).

Other less prevalent clinical phenotypes have been described:

— PSP-parkinsonism (PSP-p) represents a third of PSP cases and is characterized by
asymmetric limb bradykinesia and rigidity without supranuclear vertical gaze
palsy in the early stage (Williams et al. 2005).

— PSP-pure akinesia with gait freezing is characterized by gait ignition failure and
start hesitation that remain the isolated clinical features for several years (Wil-
liams et al. 2007).

— PSP-corticobasal syndrome (PSP-CBS) with progressive functional difficulties
with the use of one limb caused by a combination of limb apraxia, parietal sensory
impairment, dystonia, myoclonus, levodopa-unresponsive rigidity and
bradykinesia, and occasionally alien limb phenomenon (Ling et al. 2010).

— PSP-behavioral variant of frontotemporal dementia (PSP-bvFTD) with behav-
ioral symptoms of FTD and then emergence of typical feature of PSP.

— PSP-progressive nonfluent aphasia (PSP-PNFA) with a language disorder as
predominant or even isolated symptom.
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Atrophy of the midbrain and superior cerebellar peduncle as well as dilatation of
the third ventricle are the characteristic findings of PSP on conventional MRI.

PSP is a tauopathy characterized by extensive subcortical neurofibrillary degen-
eration (Ling 2016).

Corticobasal Syndrome

The core clinical features of the corticobasal syndrome (CBS) include progressive
asymmetric rigidity and apraxia, with additional cortical symptoms (alien limb
phenomena, cortical sensory loss, myoclonus, and mirror movements) and basal
ganglionic (e.g., bradykinesia, dystonia, and tremor) dysfunctions. In addition to
apraxia, cognitive impairment consists of speech and language disorder with non-
fluent aphasia, executive and visuoconstructive dysfunction (Boeve 2011).

Only half of clinical CBS have the characteristic findings at autopsy: tauopathy
with asymmetric cortical atrophy in the frontoparietal regions, as well as basal
ganglia and nigral degeneration named “corticobasal degeneration.” The other
histopathologic disorders that may be found are Alzheimer’s disease (20—30%),
PSP (10-20%), FTD, and DLB (Boeve 2011).

Pathophysiology of Alzheimer’s Disease

Physiopathological mechanisms precede for years the clinical functional impairment
in AD. Two neuropathological lesions have been described: extracellular amyloid
plaques (composed of Af protein deposition) and intracellular neurofibrillary tangles
(fragments of fau protein). Amyloid plaques are issued from beta amyloid peptide
accumulation (Af) in brain tissues. Neurofibrillary tangles are associated with
cytoskelletal changes due to hyperphosphorylation of tau protein inside the neuronal
cell (Jack et al. 2013; Selkoe and Hardy 2016). These lesions are associated with a
specific atrophy pattern and alterations of the cortico-subcortical circuitry (De-Paula
et al. 2012). The evolution of the disease is associated with overall and progressive
brain atrophy, initially involving the temporal region (hippocampus).

Management

The management of AD and related disorders has to consider both cognitive
disturbances, behavioral changes, and functional abilities.

Dementia-dedicated pharmacological treatments have initially focused on the
improvement of cognitive and mnesic abilities. Clinical studies have secondarily
investigated the benefit of anti-AD agents on BPSD. Additionally, the effect of
classical psychotropic drugs on BPSD is regularly investigated with clinical trials.

Nonpharmacologic approaches are also available for the improvement of cogni-
tive, behavioral, and functional abilities but have been often criticized due to
methodological issues in validation studies. Current recommendations for the man-
agement of BPSD in AD encourage using nonpharmacologic approaches first,
considering that patients with dementia have to receive also anti-dementia agents.
Psychotropic drugs are second-line treatments.
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Nonpharmacological Approaches

Nonpharmacologic approaches (NPA) are now considered to be first-line treatments
for BPSD and are intended to have both preventive and symptomatic actions (de
Oliveira et al. 2015). There are many types of NPA, and they could provide benefits
for cognitive abilities, dependence, and patient’s well being, in addition to BPSD
improvements. Despite the heterogeneity of available NPA, it is now recognized that
these methods require a patient-tailored approach in order to engage subjects in the
management, prevention, and stimulation process. It also includes eliminating phys-
ical and emotional stressors and establishing daily routines as well as trying to avoid
any changes in the patient’s environment (Reese et al. 2016). Family and profes-
sional caregivers education is also required explaining that behavioral disturbances
associated to dementia are common but unintentional (Reese et al. 2016). Caregivers
need to know how to adapt their attitudes and strategies to patients’ behaviors: for
example, caregivers’ communication needs to use calm and reassuring tone, allow
patient enough time when responding to a question, avoid any environmental noise
or distraction, and simplify any tasks and propose activities adapted to patients’
preserved capabilities (Gitlin et al. 2012).

The main available NPA are summarized below (Waldemar and Burns 2016):

— Cognitive stimulation (targeted aspects: cognition, autonomy).

— Sensory stimulation: music therapy, aromatherapy, light therapy, multisensory
stimulation (targeted aspects: BPSD (agitation, depression, anxiety, sleep), well-
being, quality of life).

Results regarding aromatherapy are conflicting but higher levels of evidence
(using Melissa or lavender oils) tend to show benefits especially when the oil is
applied close to the olfactory system (Press-Sandler et al. 2016).

— Psychosocial stimulation: psychotherapy, art therapy, animal-assisted therapy,
gerontotechnology, reminiscence therapy (targeted aspects: BPSD (agitation,
depression, apathy), quality of life)

— Environmental intervention: therapeutic garden, light therapy, orientation therapy
(targeted aspects: autonomy, quality of life, BPSD (wandering, anxiety))

— Motor stimulation: walk, motor training, gymnastics (targeted aspects: BPSD
(depression, sleep, agitation, wandering), balance, cognition, autonomy)

— Caregiver training: coaching, support group, theoretical training, Information and
Communication technologies (targeted aspects: BPSD (apathy, agitation), well-
being, quality of life, autonomy, caregiver burden)

More recently, Information and Communication technologies (ICT) also called
gerontechnologies have started to provide stimulation opportunities for both cogni-
tive and behavioral aspects of dementia. ICT for nonpharmacologic approaches
encompass different types of solutions such as serious games, virtual reality (VR)
environments, exergames, and multisensory environments. The literature on ICT
remains scarce so far but recent studies have shown that stimulation-oriented ICT
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could improve affective states such as apathy using a serious game on tablet (Manera
et al. 2015) or increase positive emotions and levels of interest using exergames
(Ben-Sadoun et al. 2016). More generally, the use of commercial video games tends
to increase patients’ motivation and levels of involvement compared to conventional
rehabilitation approaches (Bonnechere et al. 2016). The gamification process of any
cognitive training is likely able to increase participants’ motivation and engagement
(Lumsden et al. 2016; Gros et al. 2016). The use of VR approaches has already
shown benefits to reduce anxiety and depression levels in elderly individuals (Gros
et al. 2016).

Pharmacological Approaches
Readers please refer to the chapter on “» Pharmacotherapy of Dementia” in this
volume.

Management of Non-AD Dementias

Anti-dementia agents have been initially developed for the management of the
cognitive disturbances associated to AD. Many studies have also demonstrated the
interest of these agents for the treatment of the cognitive decline in other dementia
subtypes (mixed dementia, DLB).

Vascular Dementia
Prevention of chronic vascular diseases may help reduce the population burden of
vascular dementia.

Donepezil can be useful for cognitive enhancement in individuals with vascular
dementia but the effect on functional and global abilities is less consistent. In
subjects with mixed Alzheimer disease/vascular dementia, galantamine has shown
cognitive, functional, and behavioral benefit (Gorelick et al. 2011).

Considering their possible side-effects and their mild benefit, guidelines have
concluded that cholinesterase inhibitors and memantine should not be used in
individuals with vascular dementia (O’Brien and Thomas 2015).

Dementia with Lewy Bodies

Donepezil and rivastigmine are recommended for the treatment of people with Lewy
body dementia (Parkinson’s disease dementia and dementia with Lewy bodies
(DLB)), especially for neuropsychiatric symptoms, as delusion, visual hallucination,
apathy, and depression. Cholinesterase inhibitors and memantine can improve cog-
nitive abilities in DLB (O’Brien and Burns 2011; Walker et al. 2015). DLB is, most
of the time, characterized by the occurrence of visual hallucinations. The use of
antipsychotic medications is recommended in case of psychotic symptoms but have
to be prescribed with caution in DLB considering the high risk to increase extrapy-
ramidal symptoms with antipsychotics. Several antipsychotics, such as clozapine,
with lower Parkinsonism adverse events, should be preferred. This statement is also
applicable to all types of dementia with Parkinsonian symptoms. Considering also
the vascular adverse events associated with antipsychotic prescribing and the
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increased risk of stroke, antipsychotics have to be prescribed with caution in case of
identified vascular risk factors and/or past history of vascular events. Clozapine have
shown efficacy to improve visual hallucinations in Parkinson’s disease but there’s no
study in DLB; this treatment can induce agranulocytosis so a regular blood moni-
toring is necessary. Quietapine is another antipsychotic used by clinicians for
psychotic symptoms in DLB but its efficacy was shown only in open trials and not
confirmed in the only placebo-controlled study.

The first step to improve visual hallucinations and neuropsychiatric features is to
reduce the dose of dopaminergic antiparkinsonian drugs. If symptoms persist, an
acetylcholinesterase inhibitor may be started, if it has not been already prescribed.
Then clozapine or quietapine may be used, with caution, despite there is no strong
evidence in DLB (Walker et al. 2015).

Levodopa has not been extensively studied in DLB, but it has been reported to
improve Parkinsonism in uncontrolled studies. In case of clinically significant
Parkinsonism, however, levodopa should be considered.

Other symptoms can occur in DLB such as rapid eye movement sleep behavior
disorders (RBD), autonomic dysfunction, or depression that should be managed too.

Frontotemporal Dementia

The use of cholinesterase inhibitors or memantine is not recommended for FTD.
Selective serotonin reuptake inhibitors may help reducing behavioral (but not
cognitive) disturbances (Huey et al. 2006; O’Brien and Burns 2011). Antipsychotics
are often used, when agitation, disinhibition, or psychotic symptoms have not been
controlled by nonpharmacologic approaches, and when they may threaten the patient
or carer. Antipsychotics, however, increase the risk of mortality and cerebrovascular
events (Kurz et al. 2014).

Several nonpharmacological interventions can be considered. Skill-based com-
pensation methods, environmental modifications to improve function, integration of
carers in the rehabilitation process, and activity groups have shown promising results
to improve life functioning and quality of life (Kortte and Rogalski 2013).

Speech therapy can be helpful especially in the language variants, and physical
therapy should be prescribed when Parkinsonism and mobility problems are present
(Kurz et al. 2014).

Conclusion

Despite a better diagnosis accuracy, the wide range of phenotype in dementia ensure
a necessary patient based approach in order to adapt pharmacological and non-
pharmacological treatment along the course of the disease. Symptomatic issues
along the progressive clinical impairment should be constantly adapted considering
ecological condition as well as physiological dysfunction. Toward the aetiological
treatment, preserving the functional capacities and improving quality of life of
patients and caregivers are still an achievable medical goal in dementia.
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Abstract

Alzheimer’s disease (AD) is the most common neurodegenerative disorder and a
major driver of dementia syndromes around the globe. Despite great advances in
neurodegenerative research over the past decade, AD remains a significant
diagnostic and treatment challenge, and imposes momentous socioeconomic
burden. Much of this overall burden is reflected in low- and middle-income
countries, which is projected to increase enormously in the future. In order to
meet these challenges locally, nationally and internationally, making an accurate
and early clinical diagnosis of AD is crucial. A valid diagnosis at early disease
stages will not only help accommodate differential prognostic and disease man-
agement approaches, but also allow for the assessment of the efficacy of novel
therapeutic drugs in clinical trials. As demonstrated by autopsy-proven popula-
tion-based studies, the quest for early AD diagnosis is hindered by substantial
clinical heterogeneity observed in terms of disease presentation and progression.
Imaging and fluid-based biomarkers congruent with AD pathophysiology can
raise the certainty of clinical diagnosis, and aid in making early and more
informed diagnostic decisions. In this chapter, a concise overview of the
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well-established and promising biomarkers for imaging and fluid-based modali-
ties will be explored. Imaging biomarkers of AD derived from the following
modalities are discussed: structural magnetic resonance imaging, diffusion tensor
imaging, positron emission tomography, single photon emission computed
tomography, proton magnetic resonance spectroscopy, as well as functional
magnetic resonance imaging. Classical fluid-based biomarkers of AD derived
from cerebrospinal fluid and blood are surveyed. The utility of these imaging and
fluid-based biomarkers for the differential diagnosis and their potential as primary
or secondary endpoints in clinical trails are currently intense topics of investiga-
tion. A combination of different imaging biomarkers using the “multimodal
approach”, or simultaneous quantification of multiple fluid-based biomarkers to
identify “biosignatures” are promising applications in AD. Future efforts are
needed to standardize research protocols, refine measurement techniques, as
well as to replicate controversial findings in autopsyconfirmed samples. Taking
advantage of the international multi-centered collaborative efforts and technolog-
ical refinements that are currently underway, the upcoming decades are sure to
bring an exciting era for further advancements in an effort to conquer the “rising
tide” of dementia, globally.
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Introduction

Dementia and Alzheimer’s Disease (AD)

Globally, an estimated 46.8 million people were living with dementia in 2015 —a
figure expected to nearly double every 20 years, approaching 131.5 million by
2050 (Alzheimer’s Disease International — Dementia statistics 2016). The world-
wide economic cost of dementia in 2015 was estimated at US $818 billion, which
included the informal costs of care provided by relatives, as well as the formal
costs of care delivered by community and healthcare professionals (Alzheimer’s
Disease International — Dementia statistics 2016). Much of this overall socioeco-
nomic burden of dementia is reflected in low- and middle-income countries,
which is projected to increase enormously in the future (Alzheimer’s Disease
International — Dementia statistics 2016). Although comorbid diseases together
(vascular lesions, Alzheimer’s disease [AD], and Lewy body pathology) are the
commonest substrate for dementia in population-based studies (Schneider et al.
2007), AD pathology is the most common form of neurodegeneration that
remains incurable and is a major driver of the dementia syndrome. In light of
this enormous and rising socioeconomic burden, there is an urgent need to
understand AD in order to treat or delay its progression, and to curb the “rising
tide” at earlier stages.
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Neuropathology of AD

AD pathology is characterized by the presence of two hallmark lesions in the brain: (1)
extracellular amyloid-beta (AP) plaques and (2) intracellular neurofibrillary tangles
(NFTs). Ap plaques may form due to enhanced cleavage of the amyloid precursor
protein (APP) into A4 and A4, peptides, via activity of the B-secretase enzyme. This
pathway, by which APP is differentially cleaved, is often referred to as the
amyloidogenic pathway. Soluble aggregates of two-to-12 AP peptides (or oligomers)
may form, which can then further clump together leading to the formation of insoluble
fibrils (Ballard et al. 2011). Thus, according to the amyloid cascade hypothesis, the
toxicity induced by these AP oligomers and fibrils may lead to neurodegeneration
(Ballard et al. 2011; Bird 2008). In addition, NFTs are aggregates of tau — a protein
which plays an important role in microtubule stabilization and cytoskeletal mainte-
nance. Tau undergoes abnormal hyperphosphorylation forming insoluble fibrils
intraneuronally, which predominantly exist as paired helical filaments (PHF) in AD
(Friedhoff et al. 2000). These intracellular aggregates and the resulting cytoskeletal
dysfunction are thought to contribute to cell death and neurodegeneration. Furthermore,
concomitant neuropathologies are commonly observed in AD upon autopsy, including
cerebrovascular diseases (e.g., cerebral amyloid angiopathy [CAA], atherosclerosis,
arteriolosclerosis, venous collagenosis, lacunes, and microinfarcts), Lewy body pathol-
ogy, hippocampal sclerosis, and TDP-43 proteinopathy (Hyman et al. 2012; Braak and
Braak 1991). These coexisting pathologies, sometimes incidentally discovered upon
autopsy, contribute to considerable heterogeneity in disease presentation and progres-
sion (Lam et al. 2013).

Immunohistochemistry for Ap and tau/phosphorylated tau can be applied to
postmortem tissues to grade AP plaques and NFTs, respectively. Neuritic plaques,
characterized by dystrophic neurites, may be stained using thioflavin-S or modified
Bielschowsky stains, as per CERAD (Consortium to Establish a Registry for
Alzheimer’s Disease) guidelines (Hyman et al. 2012). Under the revised scheme
for classifying AD neuropathologic change by the international consensus panel, an
“ABC” ranking was recommended for evaluating three parameters: “A” amyloid to
obtain A plaque score, “B” Braak and Braak stage to quantify NFT pathology, and
“C” CERAD to measure neuritic plaque score (Hyman et al. 2012). Neurodegener-
ative changes in AD have been found to align more closely to the Braak and Braak
NFT stages (Braak and Braak 1991) (Table 1) rather than AP scores (Jack and
Holtzman 2013). NFT stages were also found to correlate more strongly to cognitive
function (Jack and Holtzman 2013).

Neuropathological lesions in AD cause widespread disruptions in neurotransmission,
especially in the cholinergic neurotransmitter system important for memory and atten-
tional functions (Mufson et al. 2009). Altogether the degeneration of cholinergic neurons
in the basal forebrain, neurotransmitter abnormalities, and neuronal loss in vulnerable
regions of the brain (e.g., the medial temporal lobe [MTL]) contribute to the clinical
symptoms of AD. Significant memory loss is often the classical early symptomatology in
the majority of patients, although, visuospatial, language, and other cognitive domains
may also be affected early in atypical presentations of AD (Saeed et al. 2016a).
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Table 1 Braak and Braak stages for NFT pathology and key regions affected in AD (Braak and
Braak 1991)

NFT stages Major brain regions affected

I'and II (transentorhinal | Preferential involvement of transentorhinal region, with mild
stage) entorhinal and hippocampal involvement; virtual absence of
isocortical involvement

III and IV (limbic Greater involvement of transentorhinal and entorhinal regions, with

stage) mild to moderate hippocampal involvement; low isocortical
involvement

V and VI (isocortical Severe involvement of entorhinal, transentorhinal and other limbic

stage) regions, with severe involvement of isocortex

NFT neurofibrillary tangle, AD Alzheimer’s disease

Clinical Diagnosis of AD

The clinical diagnosis of AD is made by an expert clinician, in accordance with the
recent National Institute on Aging and the Alzheimer’s Association (NIA-AA) guide-
lines (McKhann et al. 2011). A concise summary of the NIA-AA criteria is provided
below (Table 2). The NIA-AA criteria was updated from the previous criteria of 1984,
known as the National Institute of Neurological and Communicative Disorders and
Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association
(ADRDA) criteria (McKhann et al. 1984). According to the NIA-AA criteria, all AD
patients must meet the core clinical features of “all-cause” dementia, defined as an
increase in cognitive impairment from a previous level of functioning, which is
significant enough to interfere with activities of daily living. Using an additional set
of core criteria, the diagnosis of “probable” AD is established. The certainty of
“probable” AD diagnosis increases in the presence of AD-causing mutations (e.g.,
amyloid precursor protein [APP], presenilin 1 [PSENI], or presenilin 2 [PSEN2]), or
progressive cognitive decline on subsequent clinical evaluations compared to previous
clinical assessments. The latter signifies the underlying pathology as an active,
progressive, and evolving process. In some cases, a patient may meet the core clinical
criteria with respect to the nature of cognitive impairment for AD dementia but may
present with an atypical disease course or evidence of concomitant pathology. In such
instances, “possible” AD dementia may be diagnosed. Finally, although not advocated
for routine diagnostic purposes and more suitable for research studies, biomarker
evidence consistent with AD pathophysiology may increase the certainty that the
clinical syndrome is likely due to AD pathophysiology (McKhann et al. 2011).

Definition and Importance of Biomarkers in AD

A biomarker is defined as any characteristic that can be “objectively measured and
evaluated as an indicator of normal biology, pathological process or pharmacologic
responses to a therapeutic intervention” (Biomarkers Definitions Working Group
2001). Biomarkers of AD may be detected non-invasively using a variety of structural
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Table 2 Summary of AD diagnostic criteria, as outlined by NIA-AA workgroup (McKhann et al.
2011)

Types of clinical AD dementia Criteria

All-cause dementia Core clinical criteria (must be met by all probable
or possible AD)

1. Probable AD Core clinical criteria for probable AD dementia

2. Probable AD, with increased level of Core clinical criteria for probable AD dementia

certainty 1. Documented decline, OR

2. Carrier of a causative genetic mutation

3. Possible AD Meets partial core clinical criteria for probable AD

dementia

1. Atypical course, OR
2. Etiologically mixed presentation

4. Probable AD, with evidence of AD Biomarker evidence of AD pathophysiological

pathophysiology process

5. Possible AD, with evidence of AD Meeting clinical criteria for non-AD dementia

pathophysiology Biomarker evidence of AD pathophysiological
process

AD Alzheimer’s disease, NIA-AA4 National Institute on Aging and the Alzheimer’s Association

magnetic resonance imaging (MRI) techniques (e.g., MRI for the quantification of
hippocampal volume) — or through the use of minimally invasive procedures, includ-
ing intravenous administration of radiotracers (e.g., positron emission tomography
[PET] to assess cerebral glucose metabolism or amyloid deposition) and lumbar
puncture (e.g., amyloid and phosphorylated tau concentrations in cerebrospinal fluid
[CSF]). Selective biomarkers congruent with AD pathology may raise the certainty of
the clinical diagnosis (McKhann et al. 2011) and may aid in making early and more
confident diagnostic decisions. Biomarker profiles can also be used for the recruitment
of study participants, and increasingly only those with reliable biomarker evidence are
included in clinical trials of potential disease-modifying agents (Hampel et al. 2010).
Finally, biomarkers may show responsiveness to therapeutic interventions in clinical
trials and assist in tracking treatment progress by offering measurable clinical out-
comes (Hampel et al. 2010; Frank and Hargreaves 2003). An overview of neuroim-
aging and fluid-based biomarkers of AD is provided below.

Structural Magnetic Resonance Imaging (MRI)-Based Biomarkers
in AD

Types of Structural MRI and Applications

In neurodegenerative diseases, many different types of MRI sequences are employed
to image the brain noninvasively for the identification of structural biomarkers
(Table 3). After quality-control procedures, the images can be processed to obtain
cortical thickness, cortical or deep gray matter (GM), or white matter (WM)
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Table 3 Different types of structural magnetic resonance images and their main use for biomarker
identification in AD

Images Image types Main usage

T1 T1 weighted Patterns or rates of cortical/subcortical atrophy

T2 T2 weighted Characterization of overt white matter lesions

GRE Gradient-recalled echo Covert hemorrhagic strokes (or microbleeds)

(T2%)

PD Proton density weighted Characterization of overt white matter lesions

DWI/ Diffusion-weighted/diffusion White matter tract microstructural integrity

DTI tensor imaging

FLAIR | Fluid-attenuated inversion Characterization of overt white matter
recovery hyperintense lesions

SWI Susceptibility-weighted imaging | Covert hemorrhagic strokes (or microbleeds),

venous system, iron deposition

volumes, as well as other structural measures (e.g., displacement of water molecules
as an indicator of WM tract integrity). These MRI measures may be analyzed for a
priori regions of interest (ROI) or across the entire cerebral mantle without an a
priori ROI specification. The latter analysis may be performed in a voxel-wise
manner, using voxel-based morphometry (VBM) techniques.

The three main types of brain tissue — GM, WM, and CSF — appear different with
respect to their voxel intensities on T1-weighted (T1), T2-weighted (T2), and PD-
weighted (PD) images (Fig. 1). Differences in signal intensities can be exploited to
quantify the total intracranial volume, as well as to segment WM, GM, and CSF
globally or regionally (Kovacevic et al. 2002) (Fig. 2). In AD, a significant shrinkage
in the global brain volume is observed compared to healthy controls, with a relative
increase in the total volume of the CSF compartment. Conventional T1-based
segmentations often underestimate this increase in CSF voxels, especially near the
brain periphery (Ramirez et al. 2011). Hence, improved methods using all three
(T1, T2, and PD) sequences have been developed for a more accurate tissue
quantification (Kovacevic et al. 2002; Ramirez et al. 2011). Semiautomated methods
that combine automated procedures with manual corrections may be more accurate
and reliable, than exclusively manual or automated procedures, providing a custom-
ized approach especially given the variability in visible cerebrovascular disease
which increases with age.

Cerebral microbleeds are frequent in AD due to underlying CAA. As red blood
cells contain iron, microbleeds are best visualized using susceptibility-weighted
imaging (SWI), or gradient-recalled echo (GRE) T2*-weighted sequences, in
which the iron contained in hemosiderin deposits appear black. Specifically, in
these images, microbleeds appear as round, dot-like, and hypointense lesions, not
readily identifiable on conventional T1, T2, or PD scans (Tang et al. 2014). Fluid-
attenuated inversion recovery (FLAIR) imaging, on the other hand, is used to
highlight hyperintense (or white), dot-like, or patchy confluent periventricular
lesions called cerebral white matter hyperintensities (WMHs) — an indicator of
ischemic cerebrovascular disease in AD — by nullifying or “attenuating” the signal
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Fig. 1 Axial views of the same brain slice, as seen on T1-weighted (leff), T2-weighted (middle),
and proton density-weighted (right) images

Fig. 2 Axial views of the white matter (/eff), cerebrospinal fluid (middle), and gray matter (right)
automatically segmented using statistical parametric mapping (SPM) software (4 anterior, L left)

due to fluids. Finally, diffusion-weighted imaging (DWI) helps visualize the diffu-
sion of water molecules as may be seen in an acute cerebral infarct. Diffusion tensor
imaging (DTI) acquires DWI in multiple directions (typically 30—60) capturing the
restricted diffusion of water molecules along the myelinated WM fiber tracks, which
can be visualized and quantified as a measure of WM tract integrity.

In the following sections, patterns and rates of atrophy in the brain, cerebral
WMHs, and DTI measures are discussed from a biomarker viewpoint.

Cross-Sectional Profile of Cerebral Atrophy in AD

On MRI, AD is characterized by a significant loss of global brain volume along
with more focal atrophy of the MTL region, compared to healthy controls and
those with Lewy body dementias (includes both dementia with Lewy bodies
[DLB] and Parkinson’s disease dementia [PDD]) (Braak and Braak 1991; Burton
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et al. 2004, 2009). The MTL region encompasses several structures, including the
hippocampus, parahippocampal gyrus, entorhinal cortex, and amygdala, which
play important roles in short- and long-term episodic memory functions. Using
VBM, greater atrophy of the temporal lobe, including the hippocampus and
parahippocampal gyrus, was identified, compared to PDD and controls (Burton
et al. 2004). Likewise, Whitwell et al. observed a widespread pattern of GM
atrophy involving the temporoparietal association cortex as well as MTL region,
relative to controls (Whitwell et al. 2007a). When AD patients were compared to
DLB, a significantly greater degeneration of the medial and inferior temporal
regions was identified among those with AD (Whitwell et al. 2007a). Another
study investigated cortical changes in prodromal AD participants and reported
greater thinning in the bilateral parietal lobes and left parahippocampal gyrus
relative to prodromal DLB and healthy controls, whereas, the entorhinal cortices,
parahippocampal gyri, and parietal lobes were preferentially affected among
demented AD patients (Blanc et al. 2015).

The majority of studies examining MRI-derived biomarkers were performed on
clinically diagnosed participants. However, disproportionate atrophy in the MTL has
been confirmed in pathologically proven AD samples as well (Braak and Braak
1991; Burton et al. 2009). In one such autopsy-confirmed study, the visually rated
antemortem atrophy in the MTL (using the Scheltens scale on MRI) was identified to
be a highly accurate diagnostic marker of AD, compared to patients with DLB and
vascular cognitive impairment (sensitivity 91%, specificity 94%) (Burton et al.
2009). The antemortem MTL atrophy was more strongly correlated with postmortem
NFT pathology than AP plaques, whereas associations with Lewy body pathology
were nonsignificant (Burton et al. 2009).

Among AD participants, the greatest MTL atrophy was identified in the patho-
logically-defined ‘limbic-predominant’ subtype of AD (relative to ‘hippocampal-
sparing’ or ‘typical-AD’ subtypes). These pathological subtypes were based on NFT
distribution, suggesting that atrophy within the MTL region is strongly influenced by
the underlying tau proteinopathy. Conversely, relatively greater cortical atrophy was
observed in the ‘hippocampal-sparing” AD subtype. The three AD subtypes (typical-
AD, limbic-predominant, and hippocampal-sparing) were discriminable using the
ratio of hippocampal to cortical volumes, highlighting the utility of MRI derived
volumetric measures in predicting neuropathological patterns in AD postmortem
(Whitwell et al. 2012).

Global and Subregional Atrophy in the Hippocampus

Compared to controls, smaller hippocampal volumes have been consistently
reported in AD, both using ROI and VBM approaches (Laakso et al. 1995)
(Fig. 3). Furthermore, a characteristic pattern of hippocampal volume loss was
identified in relation to Lewy body spectrum disorders. The largest hippocampal
volumes were found in controls, followed sequentially by progressively smaller
volumes in PD (effect size vs. controls, 0.66), PDD (1.22), and AD (1.81)
(Camicioli et al. 2003). Similarly, entorhinal cortex volumes were smallest in
AD compared to controls, followed by DLB and PDD in a characteristic pattern:
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Fig. 3 A binary mask, representing the hippocampi as a specific region of interest, is displayed as
an overlay on its T1-weighted image and viewed in axial (top right), sagittal (bottom left), and
coronal sections (bottom right)

PDD (percent decrease vs. controls, 14.7), DLB (19.9%), and AD (21.9%)
(Kenny et al. 2008).

Global atrophy of the hippocampus may reflect a more selective vulnerability of
the hippocampal subregions or subfields. Notably, Firbank et al. reported thinner
subiculum, whereas, Mak et al. observed volumetric loss in all hippocampal sub-
fields (except the fissure) in AD versus both DLB and controls (Firbank et al. 2010;
Mak et al. 2016). The cornu ammonis 1 (CA1) hippocampal subfield was found to be
atrophied in AD (vs. controls) but was relatively preserved in DLB (vs. AD) (Mak et
al. 2016). Using ultrahigh-field 7 Tesla MRI, Kerchner et al. further identified greater
thinning in the apical neuropil layer of the CA1 subfield in AD versus controls, while
no thickness differences in the CA1 cell body or other CA1 subfields were apparent
(Kerchner et al. 2010). In a comparison between AD and DLB groups, while a
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greater hippocampal volume loss was observed in both groups (percent vs. controls:
—29.5 AD, —10.3 DLB), the DLB group was characterized by larger hippocampal
volumes compared to AD, with relative preservation of CA1l (percent vs. controls:
—18.6 AD, —6.3 DLB) (Mak et al. 2016; Barber et al. 2001).

Several investigations have reported an association between carrying an apolipo-
protein E €4 allele (APOE €4) and smaller hippocampal volumes (Hashimoto et al.
2001; Pievani et al. 2011), suggesting a stronger influence of APOE €4 on regions
typically affected by AD pathology. This association in AD, however, is not univer-
sally reported with several conflicting findings (Saeed et al. 2016b; Jack et al. 1998).
Likewise, greater amygdala atrophy was also observed in AD versus controls, with
progressively smaller volumes associated with increasing APOFE €4 dose (Hashimoto
etal. 2001; Basso et al. 2006). Such data explains why it is important to take APOFE €4
status into consideration when designing clinical trials (Saeed et al. 2016a).

Longitudinal Rates of Cerebral Atrophy in AD

The degree of neurodegenerative change over time or rate of atrophy can be a
powerful way of monitoring disease progression in clinical trials. Imaging tech-
niques, such as MRI, can be used to measure the trajectory of structural changes in
the brain at two or several time points noninvasively. The rate of whole-brain
atrophy in AD was measured to be higher (~1.11% per year) compared to healthy
controls (~0.47% per year) (Fox et al. 2000). The feasibility and power to detect
measurable differences in atrophy rates with a reasonable sample size and time frame
were found to be promising (Fox et al. 2000). The rates of ventricular expansion and
hippocampal atrophy were also reported to be elevated in AD versus controls
(Barnes et al. 2009; Whitwell et al. 2007b). However, in an autopsy-confirmed
sample, whole-brain atrophy rates were statistically not different between the AD
and mixed AD/DLB dementia subgroups (Whitwell et al. 2007b), possibly indicat-
ing that AD pathology was the driver of whole-brain shrinkage and not coexisting
Lewy body pathology. Finally, in a meta-analysis including nine studies, the annu-
alized rate of hippocampal atrophy was estimated to be 4.66% in AD versus 1.41%
in controls (Barnes et al. 2009). Hippocampal atrophy rates were also useful in
distinguishing MCI patients from controls, whereas, whole-brain atrophy rates best
discriminated MCI from AD patients (Henneman et al. 2009). Whole-brain and
hippocampal rates of atrophy may serve as robust biomarkers of longitudinal
changes in AD. Their utility, however, is limited by mixed pathologies. Future
studies using autopsy-confirmed samples will be needed to address this limitation
and to provide more precise guidance.

White Matter Hyperintensities (WMH) as Biomarkers in AD

WMHs are radiological lesions commonly observed in as many as 90-96% of
elderly individuals aged 60 and above (Longstreth et al. 1996). On T2, PD, and
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Fig. 4 Fluid-attenuated inversion recovery (FLAIR) MRI of an elderly patient showing peri-
ventricular white matter hyperintensities due to cerebral small vessel disease

Fig. 5 Tl1-weighted MRI (left) with lesion mask displayed as an overlay (right). White matter
hyperintensities appear with a slight hypointensity on T1-weighted MRI (left image) and as bright
hyperintense regions on T2- and proton density-weighted images (as they appear in Fig. 4, middle
and right images). Lesion mask with orange color represents periventricular white matter hyper-
intensities, and lesion mask with green color represents deep white matter hyperintensities

FLAIR images, WMHs appear as focal or confluent hyperintense regions, with slight
hypointensity on T1 (Figs. 4 and 5). These WM changes may further be sub-
categorized as involving the periventricular or deep WM (Fig. 6), which may in
turn be differentially influenced by etiological or pathophysiological factors due to
their location (Kim et al. 2008). Present literature has associated WMHs with
impairments in executive functioning, information processing speed, as well as
gait impairments (Garde et al. 2005; Black et al. 2009; Debette and Markus 2010).
In a large cardiovascular heart study of community-dwelling volunteers (aged
65 years or older), WMHs were found to be associated with age, silent strokes,
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Deep WMHs

Periventricular WMHs

Fig. 6 An example of periventricular and deep white matter hyperintensities (WMHs) displayed
with a lesion mask overlay on a PD-weighted image

hypertension, respiratory measures, and income (Longstreth et al. 1996), reinforcing
their complex etiology. In a meta-analysis including 46 longitudinal studies, WMHs
were confirmed to be associated with an elevated risk of stroke, dementia, and death,
as well as faster decline in measures of global cognition, executive function, and
processing speed (Debette and Markus 2010). Finally, in the population-based
Rotterdam Study (among individuals aged 60-90), the proportion of participants
with WM lesions increased with age (de Leeuw et al. 2001). Subcortical and
periventricular WM lesions were more common in women than men (de Leeuw et
al. 2001). This sex-specific difference is consistent with a greater incidence of
Alzheimer’s dementia among women, especially at older ages.

Compared to controls, a greater volume of global, periventricular, and deep
WMHs were identified in AD (Ramirez et al. 2014). Periventricular WMHs
correlated with processing speed, while left temporal WMHs load associated
with memory performance (Ramirez et al. 2014). Notably, periventricular WMHs
were elevated not only in AD but also among DLB and patients with vascular
cognitive impairment (Barber et al. 1999), possibly suggesting common underlying
mechanisms. Barber et al. reported periventricular WMHs to be uniquely associ-
ated with ventricular dilation, hypothesizing a stronger relationship of peri-
ventricular changes with mechanisms of subcortical atrophy. The pathological
substrate of confluent periventricular WM disease may in fact be related to
vasogenic edema, arising from collagenosis of the deep medullary venular system,
which may cause venous insufficiency and perivenular breakdown of the blood-
brain barrier (de Leeuw et al. 2001; Moody et al. 1995). Conversely, deep WMHs
were found to be associated more strongly with a history of hypertension, impli-
cating ischemic risk factors as predominant mechanisms underlying the deep
WMHs (Barber et al. 2000).
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On MRI, WMHs are quantifiable reliably and noninvasively. The value of WMHs
as a continuous trait variable makes its quantification a potential intermediate
biomarker of therapeutic responses in clinical trials. Future studies to investigate
the dynamic changes in WMHs may further highlight its unique place as a secondary
end point in dementia and stroke research.

Diffusion Tensor Imaging (DTI)-Based Biomarkers in AD

Diffusion tensor imaging (DTI) is an advanced and evolving in vivo imaging
technique that assesses the microstructural integrity of the cerebral WM tracts (Le
Bihan 2003). Such architectural information is derived by measuring the overall
diffusivity of water molecules (or mean diffusivity [D]), as well as the degree and
three-dimensional direction of diffusivity in space (or fractional anisotropy [FA]).
Water molecules tend to preferentially move along the fine microstructural WM
tracts, and this physical property can be used to image and quantify D or FA, which
are indirect indicators of the health of WM pathways. Injury to the WM tracts in a
specific ROI may inhibit the direction-dependent movement of water, resulting in
increased D and decreased FA values (Fig. 7).

Several studies have used DTI to investigate WM microstructural changes in AD.
Compared to controls, higher D and lower FA were observed in AD in the corpus
callosum, left centrum semiovale, and WM regions of the frontal, parietal, and
temporal lobes (including hippocampus) (Bozzali et al. 2002; Fellgiebel et al.
2004). Choo et al. reported decreased FA in the posterior cingulate cingulum and
parahippocampal cingulum in AD relative to controls (Choo et al. 2010). Similarly,
Firbank et al. found increased D in the left temporal lobe of AD patients, compared
to controls (Firbank et al. 2007a). Head et al. explored diffusivity change in normal
aging and AD and found the effects of age to be more pronounced in the anterior
regions of the brain, including the corpus callosum and frontal WM, rather than the
posterior regions (Head et al. 2004). Conversely, although the age-related changes
were also observed in early-stage AD, a relatively greater deterioration of posterior
WM integrity was apparent, suggesting that the anterior-to-posterior pattern of age-
associated changes likely results from mechanisms distinct from AD (Head et al.
2004).

On the other hand, elevated D was also identified in MCI patients in regions
typically involved in mild or early AD, particularly the hippocampus (Fellgiebel et
al. 2004). A decrease in FA in the parahippocampal cingulum was observed in the
MCIT group (vs. controls), which was also affected in AD along with the posterior
cingulate cingulum (vs. controls) (Choo et al. 2010). Finally, Firbank et al. found that
the progression of dementia in AD and DLB (measured by global atrophy) associ-
ated with disruptions in WM connecting the posterior cingulate and lateral parietal
regions (Firbank et al. 2007b). It was, however, unclear whether the WM injury
preceded or was a consequence of atrophic insults.

DTI is a promising technique for biomarker identification, as it can be employed
to assess WM tract injury and integrity and to evaluate clinical outcomes.
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Fig. 7 An example of a
diffusion tensor image,
graphically displaying tensor
estimates of fractional
anisotropy (FA) in this figure.
As water tends to
preferentially move along the
white matter tracts, these main
microstructural tracts are
visible as thick white “lines”
within the WM regions of the
brain. Damage to these WM
tracts will result in a decrease
in FA measure

Advancements in techniques and applications will provide new insights into the
early WM changes in AD and MCI (Stebbins and Murphy 2009). Future studies with
standardized protocols are needed to further establish its validity, as well as to
replicate and identify early disease-specific signatures in AD, MCI, and at-risk
individuals.

Positron Emission Tomography (PET)-Based Biomarkers in AD

Positron emission tomography (PET) is a functional in vivo neuroimaging technique
that employs a multitude of different radiotracers to visualize cerebral functions and
pathological protein accumulation in AD. Cerebral glucose metabolism can be
measured using '®F-labelled fluorodeoxyglucose radiotracer (‘*F-FDG), where a
drop in local uptake is indicative of lower regional glucose metabolism. The brain’s
AP burden was assessed for the first time using Pittsburgh compound B, which is an
"C-labelled thioflavin analogue (''C-PIB). More recently '*F—labelled radioiso-
topes targeting amyloid deposition have been developed. These have a longer half-
life than PIB (110 vs. 20 min) and can therefore be more widely transported to PET
scanners available for cancer imaging, without the need for a local cyclotron. The
current ligands include florbetapir (Avid Radiopharmaceuticals), flutemetamol (GE
Healthcare), and florbetaben (Piramal). Recent developments also allow PET scan
detection of PHF, which are aggregates of tau, seen as tangles on pathological
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examination. This is providing new premortem insights into the topographical
distribution patterns of tau at different disease stages, previously only available at
autopsy. Hence, tau PET will also be briefly discussed, along with the potential role
of PET for measuring the activity of acetylcholinesterase. Space does not permit
fulsome discussion of the burgeoning literature in this rapidly emerging field of brain
molecular imaging.

Role of FDG PET in AD

Imaging using 'F-FDG PET is often used to obtain a visual representation of
resting-state glucose metabolism in the brain. The resulting PET scan can be
quantitatively analyzed, giving a sensitive in vivo measure of cerebral metabolism
with low variability across multiple centers (Herholz et al. 1993).

In healthy participants, a typical '*F-FDG PET scan reveals intense uptake
subcortically in the putamen, caudate nucleus, and thalamus, followed by elevated
uptake in cortical GM (Brown et al. 2014). In AD, the classical pattern of abnormal
uptake is identified by hypometabolism in the bilateral temporoparietal regions,
specifically involving the posterior cingulate gyri, precuneus, and posterior temporal
and parietal lobes (Brown et al. 2014). Compared to controls and using VBM
analysis, Mosconi et al. found the typical pattern of hypometabolism in
temporoparietal and posterior cingulate cortices in a majority of AD patients, with
variable involvement of the frontal and hippocampal regions (Mosconi et al. 2008).
Additionally, this AD pattern of hypometabolism was also observed in ~80% of MCI
patients likely indicating those most likely to progress to AD, as well as in a subset of
DLB and in some frontotemporal dementia (FTD) patients (Mosconi et al. 2008). In
some cases of DLB, this may reflect concomitant AD-type pathology, although
parietal hypometabolism has also been observed in pure DLB cases. In clinically
diagnosed FTD cases, parietal hypometabolism may indicate a frontal variant of AD
misdiagnosed as FTD, or corticobasal degeneration, a pathological subtype of FTD
that demonstrates prominent parietal hypometabolism most often asymmetrically.
Compared to AD, occipital hypometabolism was identified as a prominent feature of
DLB, while marked hypometabolism in the frontal and temporal cortices was
indicative of FTD (Mosconi et al. 2008). Likewise, in a comparison between AD
and DLB using '"®F-FDG PET, Gilman et al. found similar patterns of cerebral
hypometabolism between the two groups, except in the visual cortex where the
DLB group showed lower glucose metabolism relative to AD (Gilman et al. 2005).

In a longitudinal study with 1-year of follow-up, a markedly lower baseline
metabolism in the parietal, temporal, occipital, frontal, as well as posterior cingulate
cortices was detected in AD versus controls (Alexander et al. 2002). At follow-up,
further metabolic decline was noted in all regions except in the occipital cortex
(Alexander et al. 2002). Studies have also employed FDG PET for the identification
of treatment responses to cholinergic enhancers, including donepezil (a centrally
selective acetylcholinesterase inhibitor) (Teipel et al. 2006), as well as piracetam
(Heiss et al. 1988).



Biomarkers of Alzheimer’s Disease 17

Owing to the high sensitivity, studies using FDG PET have shown reproducible
disease-specific patterns. There are some practical limitations, such as the need for
qualified and knowledgeable personal to process the scans. Furthermore, reduction
in brain volume may also simulate hypometabolism and may lead to artifactual
results due to partial volume errors (Brown et al. 2014). Nevertheless, standardiza-
tion of protocols across multiple centers can yield comparable findings and facilitate
diagnosis, despite differences in imaging equipment (Herholz et al. 1993). The
feasibility of using FDG PET as an outcome measure in clinical trials is also
supported, although pathologically proven studies are needed to further clarify its
role in mixed pathologies.

Role of Amyloid PET in AD

Using ''C-PIB PET, the cortical amyloid burden was found to be markedly elevated
in AD, independent of the disease severity. Patients with MCI presented with either a
similar AD-like pattern suggesting the presence of AD pathology as the underlying
etiology, or normal uptake indicating those less likely to progress or develop full-
blown AD (Rowe et al. 2007). The regions of greatest ''C-PIB retention in AD
included the precuneus or posterior cingulate, frontal cortex, and caudate nuclei,
followed by the lateral temporal and parietal cortex (Rowe et al. 2007). Notably,
patients with DLB may also present with an elevated cortical ''C-PIB uptake
comparable to AD (likely due to concomitant AD-type pathology) (Gomperts
et al. 2008). However, retention in the occipital cortex was reported to be lower in
AD relative to DLB, which may be helpful in the differential diagnosis (Gomperts et
al. 2008). In a 2-year longitudinal study, Engler et al. found ''C-PIB retention to be
stable between the baseline and follow-up in AD, although with a significant (~20%)
decline in glucose metabolic rate in cortical regions (Engler et al. 2006). This
suggests that amyloid deposition in the brain reaches a plateau early in the course
of AD dementia, possibly due to brain volume loss (Rowe et al. 2007).

Other investigations have compared ''C-PIB retention in APOE &4 carriers and
noncarriers (Rowe et al. 2007; Drzezga et al. 2009). While the uptake was found to
be elevated in AD patients compared to controls, the APOE €4 carriers showed
stronger and more extensive uptake, particularly in the bilateral temporoparietal and
frontal cortex, relative to APOE €4 noncarriers (matched on age and level of
cognitive impairment) (Drzezga et al. 2009). Recently, the prevalence of APOE €4
was also found to be elevated across the Lewy body spectrum disorders, highlighting
more diverse amyloidogenic as well as non-amyloidogenic mechanisms of this allele
(Tsuang et al. 2013). As mixed pathologies are common in AD (Rahimi and Kovacs
2014), some studies have postulated an interaction among amyloid, tau, and alpha-
synuclein proteinopathies (Clinton et al. 2010). Further studies are needed to clarify
and validate these concepts. Using another amyloid radiotracer '*F-florbetaben,
higher uptake ratios were demonstrated in AD in neocortical areas, and results
comparable to ''C-PIB PET were found (Villemagne et al. 2011). Examples of
amyloid PET scans in AD/MCI patients using '*F-florbetapir are presented (Fig. 8).
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[18F]Florbetapir PET

3D T1-weighted MRI

Fig. 8 Examples of amyloid PET scans using the radiotracer '*F-florbetapir (fop row), along with
the corresponding 3D T1-weighted MRIs (bottom row). The column of images on the right belongs
to an 86-year-old female from an AD study cohort, showing a positive amyloid PET scan (cortical
regions are black representing high uptake in the frontal and temporal regions bilaterally). The
column of images on the left belongs to a 77-year-old female from AD/MCI study cohort, with a
negative amyloid PET scan (i.e., a nonspecific retention in the white matter, but no uptake in the
cortical mantle)

Amyloid deposition is an early event in AD pathology, and interventions targeted
at disrupting this cascade of amyloid aggregation at early stages are desirable. By
quantifying and monitoring this retention using ''C-PIB PET, responses to thera-
peutic interventions in clinical trials can be assessed. A potential limitation of this
technique is its nonspecificity for neuritic plaques, as binding to diffuse plaques and
even CAA is also observed. Future research is needed to address this limitation and
refine the technique.

Role of Tau PET in AD

Following the success of PET ligands for the identification of cerebral amyloid in
vivo, efforts are under way to develop selective radiotracers to image tau in the brain.
Some novel ligands labelled with fluorine-18 are in development (see overview by
Villemagne et al. 2015). Although, tau imaging has several technique-specific as
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well as tracer-specific challenges, preliminary forays are showing promise for
biomarker identification in AD.

As mentioned above, hyperphosphorylated tau is the other hallmark misfolded
protein in AD, which appears pathologically as PHF, constituting the NFTs. It is first
evident in humans in the fourth decade of life in the entorhinal cortex, as
documented in detail in the Braak and Braak staging system for AD (Braak and
Braak 1991). Based on inference from autopsies in different decades of age, these
authors described the gradual spread of NFTs from limbic to isocortical to neocor-
tical regions over a 3040 year period (Braak and Braak 1991), which correlates
strongly with functional and cognitive decline in AD (Jack and Holtzman 2013).
While amyloid uptake tends to be higher in the frontal regions, PHF-tau concentra-
tions are higher in the parietal and temporal regions according to the early tau PET
data (Villemagne et al. 2015).

The '®F-labelled radioligand '*F-AV-1451 (formerly '*F-T807) is a novel PET
tracer with high affinity and selectivity for PHF-tau (Chien et al. 2013; Xia et al.
2013). '®F-AV-1451 correlates with disease severity and may also show age-related
deposition (Johnson et al. 2016). Recently named flortaucipir, '*F-AV-1451 has
already been used in the second wave of the Alzheimer’s Disease Neuroimaging
Initiative (ADNI-2), a landmark North American biomarker study of more than 1300
participants (normal controls, MCIL, and mild AD) that started in 2004 with funding
from the National Institutes of Health (NIH) and industry partners (Weiner et al.
2015). The data collected is publically available as soon as it is acquired and has
resulted in excess of 1,000 peer-reviewed publications. Flortaucipir will also be used
in the ADNI-3 continuation study, which is under way as of September 2016 (www.
adni-info.org). Flortaucipir PET is also an optional procedure in the first randomized,
double-blind, placebo-controlled clinical trial in the presymptomatic stages of AD.
This study randomizes normal elderly individuals (aged 65-85 years), who show
flortaucipir uptake on a PET scan, to passive immunotherapy with monthly infusions
of solanezumab or placebo for 3 years. The primary goal is to prevent cognitive
decline and symptom development (see Anti-Amyloid Treatment in Asymptomatic
Alzheimer’s study: www.a4study.org).

Another tau PET ligand, '*F-THK5105, detected greater tracer retention in
regions harboring a high density of NFT pathology, including the temporal cortex
in an AD study (Okamura et al. 2014). Similarly, '®F-THK523 tracer retention
followed the known tau distribution in AD patients (Fodero-Tavoletti et al. 2011;
Villemagne et al. 2014) and correlated with cognitive measures (but not with ''C-
PIB Ap load) (Villemagne et al. 2014). Yet another radiotracer '*F-FDDNP, which
also detects amyloid plaques, showed retention in the temporal, parietal, posterior
cingulate, and frontal regions in a characteristic order: lower in controls, higher in
MCI, and highest in AD patients, suggesting that it may be useful in monitoring
disease progression (Small et al. 2006). Other arylquinoline derivatives have also
been tested in mouse models including THK-5105 and THK-5117, showing higher
binding affinity than THK-523, as well as richer uptake and faster clearance
(Okamura et al. 2013). These early investigations have provided support for molec-
ular tau imaging to be useful in estimating and tracking tau pathology. Molecular tau
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imaging will also provide new insights into the relationships between vasculopathy
and misfolded proteinopathies of AD (and possibly in Lewy body dementia) in ways
never before imagined in the living human (Villemagne et al. 2015). This technique,
however, is still in early development, and more research is under way to validate its
clinicopathological correlations.

Role of Acetylcholine Esterase Activity on PET in AD

Deficits in acetylcholine are characteristics of both AD and DLB, caused by
the degeneration of cholinergic projections (originating from the nucleus basalis of
Meynert and septal nuclei), as well as due to dysfunction in muscarinic and nicotinic
receptors. Various acetylcholinesterase inhibitors, such as donepezil, rivastigmine,
and galantamine, offer symptomatic improvement by inhibiting the breakdown of
available acetylcholine into its metabolites. Radioligands, such as N-''C-methyl-
piperidin-4-yl propionate (''C-PMP), can measure acetylcholinesterase and cholin-
ergic receptor activity in AD, although the utility of these ligands from a biomarker
perspective has not yet been fully established.

Bohnen et al. applied ''C-PMP PET in a small sample of AD patients before and
after treatment with donepezil and observed 19% mean inhibition of acetylcholin-
esterase activity in the temporal, parietal, and frontal cortices and 24% inhibition in
the anterior cingulate cortex (Bohnen et al. 2005). Likewise, Kaasinen et al. used
another  acetylcholinesterase  tracer, methyl-''C-N-methyl-piperidyl-4-acetate
(MP4A), reporting donepezil-induced inhibition in the frontal (roughly 39%), tem-
poral (29%), and parietal (28%) cortices in AD (Kaasinen et al. 2002). Using
rivastigmine, the corresponding inhibition was 37% in the frontal, 28% in the
temporal, and 28% in the parietal cortex (Kaasinen et al. 2002). Altogether, it was
concluded that the attenuation of donepezil- and rivastigmine-induced acetylcholin-
esterase activity was greater in the frontal than in temporal cortex. This finding may
also relate to an overall reduction in the acetylcholinesterase enzyme in the
temporoparietal regions in AD (Kaasinen et al. 2002). It was further hypothesized
that the clinical improvements in symptomatology using acetylcholinesterase inhib-
itors may be more associated with enzymatic inhibition in the frontal cortex and less
so in the temporal lobe (Kaasinen et al. 2002). These studies show potentially useful
applications, but more work is needed in this area to validate these biomarkers.

Single Photon Emission Computed Tomography (SPECT)-Based
Biomarkers in AD

Single photon emission computed tomography (SPECT) is an in vivo neuroimaging
technique that uses gamma-emitting radiotracers to assess cerebral blood flow.
Examples of these tracers include technetium-99m-labelled compounds, such as
99mTc-hexamethyl propylene amine oxime (**"Tc-HMPAO) and *“™Tc-ethyl
cysteinate dimer (*™Tc-ECD), or iodine-123-labelled compounds, such as
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N-isopropyl-p-iodoamphetamine ('**I-IMP) (Saha et al. 1994). These tracers are
lipophilic and freely cross the blood-brain barrier in a manner proportional to
the cerebral blood flow, allowing for both visual as well as semiquantitative exam-
ination of regional tracer uptake.

In general, perfusion studies using SPECT confirm '*F-FDG PET findings in AD.
Using tracers ~*™Tc-HMPAO and *’mTc-ECD, marked deficits in perfusion were
observed in temporoparietal regions in AD as compared to controls (Colloby et al.
2002; Ceravolo et al. 2003; Lobotesis and Fenwick 2001). As Lewy body pathology
frequently coexists with AD, it can be difficult sometimes to differentiate AD from
DLB or to even establish a diagnosis of mixed AD/DLB. While a significant hypo-
perfusion in temporal and parietal regions was characteristic of AD, deficits in parieto-
occipital regions were found to be more indicative of Lewy body dementia (Colloby et
al. 2002; Ceravolo et al. 2003; Lobotesis and Fenwick 2001). Notably, cerebral blood
flow abnormalities in parietal and frontal regions may be present in both AD and DLB
cases, whereas marked hypoperfusion in the temporal region is a characteristic of AD
(Colloby et al. 2002). Furthermore, some DLB patients may also show hypoperfusion
in temporoparietal regions. However, concurrent occipital hypoperfusion should raise
the possibility of underlying Lewy body pathology, indicating the need to carefully
follow up such patients for DLB-associated clinical features (Lobotesis and Fenwick
2001). In an autopsy-confirmed study, a positive SPECT scan was found to raise the
likelihood of pathologic AD at postmortem, although it was more useful as adjunctive
evidence for “possible” than “probable” AD (Jagust et al. 2001). An example of a
SPECT scan in AD relative to healthy control is shown (Fig. 9).

In summary, the characteristic perfusion profile of AD using SPECT can be a
useful biomarker and may help differentiate AD cases from other disorders, includ-
ing DLB and particularly FTD. Future studies investigating the perfusion profiles in

.
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Fig. 9 Single photon emission computed tomography (SPECT) image of a healthy control subject
(left) and patient with AD (right). The arrows point to the parietal lobe, showing decreased
perfusion in the parietal lobe (normalized to the cerebellar perfusion) in AD, compared to the
healthy control subject



22 U. Saeed et al.

mixed AD/DLB cases as compared to “pure” AD and “pure” DLB could be
clinically useful, especially for recruitment of participants to clinical trials of new
therapeutics in the development pipeline (e.g., intepirdine, a 5-HT6 receptor antag-
onist currently in trials for both AD and DLB (www.axovant.com).

Proton Magnetic Resonance Spectroscopy ('H-MRS) as a
Biomarker in AD

Proton magnetic resonance spectroscopy ('H-MRS) is a noninvasive imaging tech-
nique that uses resonance frequencies of protons to provide biochemical information
about compounds in the brain (Soares and Law 2009). In general, MRS signals are
less robust than structural MRI due to lower concentrations of metabolites in the
brain, relative to water. However, the compound N-acetyl aspartate (NAA), an
indicator of neuronal health, number, and integrity, is found in high concentrations
and can be reliably measured using MRS (Moffett et al. 2007). The levels of NAA
drop upon neuronal loss or dysfunction and are often represented as a ratio of
creatine (Cr). The concentration of Cr remains relatively stable in the healthy brain
(Moffett et al. 2007).

Compared to controls, NAA/Cr levels were found to be reduced in AD, whereas the
levels of choline-containing compounds (markers of membrane integrity and inflam-
mation) and myoinositol levels (marker of demyelination and gliosis) were elevated
(Griffith et al. 2008). Likewise, Chao et al. identified lower NAA concentrations in
cognitively impaired, but non-demented, individuals in the MTL region, compared to
controls (Chao et al. 2005). Interestingly, those cognitively impaired patients who
progressed to dementia showed lower baseline NAA levels, while nonprogressors had
levels comparable to the control group (Chao et al. 2005). Additionally, a significant
correlation between reduced MTL NAA levels and impaired memory scores was also
identified (Chao et al. 2005). In another study, an increase in NAA and NAA/Cr levels
was reported in the parietal lobe of AD patients after 3 months of treatment with
donepezil (Jessen et al. 2006). In this study, a favorable response to treatment, as
assessed by an increase in NAA metabolite, was predicted by lower baseline levels of
NAA/Cr in the parietal lobe (Jessen et al. 2006).

Limitations of most MRS studies are small sample sizes and differing voxels of
interest. Studies using NAA or other metabolites can enhance our understanding of
the underlying pathophysiology of AD, especially with wider availability of 3 Tesla
MRI, which provides better spectral resolution.

Functional Magnetic Resonance Imaging (FMRI)-Based
Biomarkers in AD

Functional magnetic resonance imaging (f/MRI) is a blood oxygen level-dependent
(BOLD) technique that measures neuronal activity and relies upon the transient
changes in blood flow, volume, and oxyhemoglobin/deoxyhemoglobin ratios
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(Logothetis et al. 2001). It can be performed under a variety of experimental
paradigms (e.g., task-based vs. control conditions) or under resting-state conditions.
Some studies measure functional connectivity patterns within key brain circuits
involved in AD. One such network of regions that shows preferential activation at
resting state has been identified as the “default mode network” (DMN), which
includes the medial prefrontal cortex, posterior cingulate cortex (PCC), precuneus,
and lateral parietal and medial temporal cortices (Buckner et al. 2008). Early
detection of disturbances in the functional connectivity of these networks at preclin-
ical stages may have potential roles as biomarkers of AD.

During a memory-encoding task, reduced activation in the left hippocampus and
bilateral parahippocampal gyri was observed in AD (vs. controls) (Rombouts et al.
2000). In studies analyzing the resting-state activity in AD, a consistent decrease in
functional connectivity in the DMN was identified, suggesting dysfunctional resting-
state interactions among key regions of the brain (Wang et al. 2006; Wu and Li
2011). Wu et al. identified a decline in resting-state connectivity in regions belonging
to the DMN that included the PCC, medial prefrontal cortex, inferior parietal cortex,
inferior temporal cortex, as well as hippocampus (Wu and Li 2011). These disrup-
tions in DMN circuitry were found to intensify with greater severity of AD (Zhang
et al. 2010).

On the other hand, individuals with MCI showed greater activation in the
parahippocampal gyrus during an encoding paradigm (Dickerson et al. 2004).
Similarly, Celone et al. observed a paradoxical hyperactivation in the hippocampus
among the less-impaired MCI subjects (vs. controls), whereas more impaired MCI
subjects presented with AD-type decreases in activation (Celone et al. 2006). It is
hypothesized that this hyperactivation represents the brain’s compensatory response
to early neurodegenerative changes. According to this “compensatory recruitment”
hypothesis, functional connectivity or BOLD activity may initially increase or
expand in the early stages of the disease, as new brain areas are recruited to
compensate for the loss of others, followed by an eventual decline later in the course
of the disease (Kenny et al. 2012; Hafkemeijer et al. 2012). Consistent with this
hypothesis, decreased as well as increased PCC functional connectivity with other
DMN regions has been reported (Zhang et al. 2009, 2010). Increased activation in
the MTL regions has also been described, which may reflect a compensatory
response to accumulating AD pathology and may serve as a biomarker for future
clinical decline (Dickerson et al. 2004). Recently, however, a transgenic AD mouse
model suggested that limbic hyperactivity may in fact reflect microdischarging in the
entorhinal circuits due to toxic amyloid oligomers (Sanchez et al. 2012). This was
treatable with small doses of levetiracetam, an anticonvulsant that acts at the synapse
by binding to synaptic vesicle protein SV2A. A small intervention trial in MCI
subjects confirmed this finding in humans with reduction in the hyperexcitability and
some evidence for improved memory (Bakker et al. 2012), leading to a proposed
large clinical trial in MCI of a small-dose, slow-release formulation of levetiracetam,
HOPE4MCI cosponsored by NIH and AGENEBIO (www.hope4mci.org).

Changes in DMN activity upon switching from resting-state conditions to cog-
nitively demanding tasks have also been studied (Schwindt et al. 2013). In one such
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study, AD patients were compared to normal controls during the resting state and a
simple visual task. While the controls exhibited a greater DMN connectivity during
resting state than task, AD patients failed to show modulation of DMN activity
between the two conditions. In addition, the degree of condition-dependent modu-
lation in the PCC and precuneus was predictive of mini-mental status examination
scores (Schwindt et al. 2013).

Functional MRI has also been used to investigate changes in brain activation
upon treatment with drugs. For example, during face encoding and working memory
tasks, increased activation in the fusiform gyrus and prefrontal cortex was observed,
respectively (Rombouts et al. 2002). Consistent with PET studies (Kaasinen et al.
2002), these findings highlight regional effects of rivastigmine in AD associated
with brain activation in the frontal cortex (Rombouts et al. 2002). Similarly, admin-
istration of donepezil was also associated with increased frontal activity in MCI,
compared to unmedicated controls (Saykin et al. 2004).

Neuroimaging using BOLD fMRI is a promising tool to evaluate functional
changes in the brain circuitry, using a variety of conditions and paradigms. It can
be used not only to evaluate responses to cognition-enhancing drugs but also to
detect resting-state abnormalities at early disease stages. In light of its wider avail-
ability, noninvasiveness, and relatively higher resolution, /MRI holds great potential
to be beneficial in biomarker identification.

Classical Fluid-Based Biomarkers in AD

A dynamic clinicopathological model using biomarkers suggests a temporal pro-
gression of the disease from preclinical phases to MCI and finally to dementia. In this
model, the accumulation of amyloid is an early preclinical event leading to a cascade
of successive neurodegenerative changes, such as accumulation of hyper-
phosphorylated tau, synaptic depletion, and eventually neuronal loss, ultimately
resulting in the clinical manifestations of dementia (Jack et al. 2010; Rosa-Neto
etal. 2013). CSF measures have been shown to be useful indicators of AD pathology
since CSF in the subarachnoid space as well as in the ventricles intermingle with the
interstitium throughout the cerebral tissue quite freely. Several CSF biomarkers have
been studied, with the most common being: AP4o, A4, total tau, and phosphory-
lated tau (Hampel et al. 2010).

As discussed earlier, APP undergoes differential cleavage through either
amyloidogenic or non-amyloidogenic pathways. The former results in the develop-
ment of insoluble, hydrophobic AB4o and A4, peptides, which can aggregate into an
amyloid plaque (Rosa-Neto et al. 2013; Seeman and Seeman 2011). Other molecules
can also form such as soluble AP, neurotoxic aggregates (called oligomers) (Gao et
al. 2010). In AD, CSF levels of AP, or AB4o/AP4o ratio progressively decline, while
there is an increase in brain amyloid as detected by amyloid PET (Tolboom et al. 2009;
Weigand et al. 2011). This inverse association between CSF A4, concentrations and
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brain amyloid is thought to occur due to greater retention of AB-peptide moieties in the
brain as they fibrillate and deposit in the form of amyloid plaques.

In contrast to CSF amyloid, total tau (t-tau) and phosphorylated tau (p-tau) in the
CSF represent important biomarkers of neurodegeneration. The tau protein is essen-
tial for the proper assembly and stabilization of microtubules within neurons
(Kolarova et al. 2012). The tau protein can be modified by abnormal hyper-
phosphorylation of serine and threonine residues leading to altered expression
patterns and ultimately the formation of NFTs — one of the hallmarks of AD
(Rosa-Neto et al. 2013). When neurons die, tau leaks into the extracellular space
making its way eventually into the CSF. In AD and those with MCI destined to
develop AD, t-tau and p-tau levels in CSF are elevated compared to normal controls
(Olsson et al. 2016; Blennow and Hampel 2003).

The signature CSF profile of AD, i.e., low A4, or AP4o/AP4o ratio and high t-tau
and p-tau, is a very useful biomarker to distinguish AD from normal controls and
other non-AD forms of dementia (Blennow and Hampel 2003; Andreasen et al.
2001). It is also useful in predicting the conversion of MCI to AD with good
diagnostic accuracy (greater than 80%) (Hansson et al. 2006). Compared to CSF,
peripheral blood biomarkers would be desirable due to the ease of accessibility;
however, A4, and AP, concentrations in blood show poor predictive accuracy, and
concentrations of t-tau show wider variability between patients and controls in blood
than in CSF (Olsson et al. 2016). It is notable, however, that the AB4,/AP4o ratio in
blood may be more predictive than either species alone (Koyama et al. 2012).
Measurement of all these fluid biomarkers may be hindered by greater susceptibility
to degradation, low concentrations in the periphery, as well as sensitivity to condi-
tions around collection, storage, transportation, and methods of analysis, which has
stimulated the much-needed working group efforts for standardization (Kuhlmann
et al. 2016; Mattsson et al. 2016).

Regarding peripheral blood tests, several studies have suggested that measuring
multiple biomarkers simultaneously beyond amyloid and tau may be useful to obtain
“bio-signatures” with good prognostic or diagnostic accuracy. For instance, a panel of
molecules, including hormones, proteins, and metals, when measured together in
blood attained good diagnostic accuracy (greater than 80%) for AD compared to
cognitively normal individuals (Doecke et al. 2012). Similarly, a signature of ten
plasma phospholipids was able to predict conversion to MCI or AD over 2-3 years
among cognitively normal older adults (Mapstone et al. 2014). Currently, the difficulty
in measuring multiple metabolites simultaneously, and the complexity of their inter-
pretation, limits the clinical application of these findings. An alternative approach
involves the simultaneous detection of multiple miRNA species, which might be
detected relatively simply and cost-effectively via polymerase chain reaction-based
techniques. Although excellent diagnostic accuracies have been achieved in individual
studies (Leidinger et al. 2013; Kumar et al. 2013), miRNA signatures remain to be
validated extensively in multiple large samples. Hence, the search for the holy grail of
a blood test for AD and other neurodegenerative disorders continues.
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Conclusions

In summary, a combination of noninvasive in vivo biomarkers, e.g., structural and
functional MRL, DTL, and 'H-MRS, and minimally invasive in vivo biomarkers, e.g.,
PET, SPECT, and CSF concentrations of tau and AP, can aid in making early and
confident diagnostic decisions. Blood-based biomarkers are also actively being
explored. Biomarkers derived from multiple modalities, when consistent with AD
pathophysiology, may raise the certainty of the clinical diagnosis. Longitudinal assess-
ments of these biomarkers can offer powerful ways of quantifying therapeutic responses
to interventions in clinical trials, by providing measurable primary and secondary end
points. It is important to emphasize that the diagnostic and prognostic value of bio-
markers are influenced not only by the type but also their methods of measurement.
Hence, future efforts are needed to standardize research protocols and refine measure-
ment techniques, as well as to replicate controversial findings in autopsy-proven
samples. Although some biomarkers may be more sensitive and specific than others,
a combination of selective biomarkers from different modalities may prove more
valuable during the diagnostic process. It is hoped that this “multimodal approach”
will facilitate personalized or precision medicine strategies for the management of AD.
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Biomarkers of Alzheimer’s Disease

MTe-ECD *’™Tc-ethyl cysteinate dimer
PMTe-HMPAO *°™Tc-hexamethyl propylene amine oxime
AD Alzheimer’s disease

APOE €4 Apolipoprotein E &4 allele

APP Amyloid precursor protein

AP Amyloid-beta

AP4o Amyloid-beta — 40 residue peptide

A4, Amyloid-beta — 42 residue peptide
BOLD Blood oxygen level dependent

CA1 Cornu ammonis |

CAA Cerebral amyloid angiopathy

CERAD Consortium to Establish a Registry for Alzheimer’s disease
CSF Cerebrospinal fluid

D Mean diffusivity

DLB Dementia with Lewy bodies

DMN Default mode network

DTI Diffusion tensor imaging

DWI Diffusion weighted imaging

FA Fractional anisotropy

FLAIR Fluid-attenuated inversion recovery
FTD Frontotemporal dementia

J/MRI Functional magnetic resonance imaging
GM Gray matter

GRE Gradient recalled echo

MCI Mild cognitive impairment

MP4A Methyl-N-methyl-piperidyl-4-acetate
MRI Magnetic resonance imaging

MTL Medial temporal lobe

NAA N-acetyl aspartate

NFTs Neurofibrillary tangles

NIA-AA National Institute on Aging and the Alzheimer’s Association
NIH National Institutes of Health

PCC Posterior cingulate cortex

PD Proton density-weighted

PDD Parkinson’s disease dementia

PET Positron emission tomography

PHF Paired helical filaments

p-tau Phosphorylated-tau

ROI Region of interest

SWI Susceptibility-weighted imaging

T1 TI1 weighted

T2 T2 weighted

TDP-43 Transactive response DNA-binding protein of 43 kDa
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t-tau Total-tau

VBM Voxel based morphometry
WM White matter

WMHs White matter hyperintensities
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Abstract

Currently, the elderly remain at high risk for the development of delirium and the
significant morbidity and mortality associated with it in all care settings. While
significant advancements have been made through research and collaboration
among clinicians in diverse specialty fields, some controversies still remain. The
initial literature search performed for the chapter revealed over 3000 articles
published from January 1990 to May 2016. The initial list was refined to around
200 original research articles for review. This chapter summarizes the controver-
sies, collaborations, and recent advancements in the management of delirium in

the elderly.
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Introduction

Delirium is a clinical syndrome characterized by an acute disturbance in attention,
awareness, and cognition. Rates of delirium are highest among hospitalized older
patients, making the geriatric population especially vulnerable to delirium sequelae,
including loss of independence, increased morbidity and mortality, and increased
health-care costs (Inouye 2006). An argument has been made for utilizing the term
“acute brain failure” to capture the acute severity of the syndrome and the devastat-
ing outcomes associated with it (Maldonado 2015).

Delirium affects up to 50% of hospitalized seniors and has been shown to be
preventable in 30—40% of cases. In general medical and geriatric wards, the overall
occurrence rates of delirium range from 29% to 64% of patients. Delirium is present
in 8-17% of all seniors on presentation to an emergency department and 40% of
nursing home residents. In addition, delirium is associated with increased mortality
rates spanning all nonsurgical patient populations, and among surgical patients,
cognitive impairment is common and symptoms can persist up to 1 year after the
procedure (Inouye et al. 2014). Given the heavy clinical and economic burden of this
syndrome, delirium has been the focus of clinical research in the form of both
pharmacological and nonpharmacological prevention and treatment studies. Recent
advances have been made in prevention strategies, and many quality improvement
initiatives and multidisciplinary approaches to the management of delirium have
emerged.

Nosology: Revised DSM-V Criteria

The revised Diagnostic and Statistical Manual of Mental Disorders, 5th Edition
(DSM-V), characterizes delirium as a neurocognitive disorder with disturbance in
attention, awareness, and cognition. The DSM-IV previously referred to this as
“disturbance in consciousness.” In addition, specifiers have been added to further
characterize delirium. The specifiers include the motoric subtypes of delirium
including hyperactive, hypoactive, and mixed level of activity. Per the DSM-V, the
hyperactive subtype is specified when there is a hyperactive level of psychomotor
activity that may be accompanied by mood lability, agitation, and/or refusal to
cooperate with medical care. The hypoactive subtype is specified when there is a
hypoactive level of psychomotor activity that may be accompanied by sluggishness
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and lethargy that approaches stupor. Finally, the mixed level of activity subtype is
specified when there is a normal level of psychomotor activity even though attention
and awareness are disturbed and also when activity level rapidly fluctuates. In
addition, there are now specifiers for the duration of the delirious episode including
acute (lasting a few hours or days) and persistent (lasting weeks or months) (Amer-
ican Psychiatric Association. Diagnostic and Statistical Manual of Mental Disor-
ders, Fifih Edition) (American Psychiatric Association 2013). The addition of these
specifiers helps to better characterize both the duration and psychomotor activity of
the delirious episode.

Delirium Subtypes
Hyperactive, Mixed, and Hypoactive Delirium

Previous work regarding the characterization of delirium subtypes was conducted
utilizing an empirical study method examining elderly patients admitted to a general
hospital. The Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition
(DSM-III), was used to detect symptoms of delirium. Of the patients meeting DSM-
I criteria for delirium, 15% were rated as hyperactive type, 52% as mixed type,
19% as hypoactive type, and 14% as neither. A novel instrument called the Delirium
Symptom Interview (DSI) was utilized to stratify symptoms of hyperactive and
hypoactive delirium. Hyperactive symptoms were identified as hypervigilance,
restlessness, fast or loud speech, irritability, combativeness, impatience, swearing,
singing, laughing, uncooperativeness, euphoria, anger, wandering, easy startling,
fast motor response, distractibility, tangentiality, nightmares, and persistent thoughts.
Conversely, hypoactive deliritum symptoms consisted of unawareness, decreased
alertness, sparse or slow speech, lethargy, slowed movements, staring, and apathy
(Liptzin and Levkoff 1992). Similarly, a longitudinal study of motoric subtypes of
delirium was conducted utilizing the Delirium Motor Subtype Scale (DMSS),
Delirium Rating Scale-Revised-98 (DRS-R98), and Cognitive Test for Delirium
(CTD). The authors found that across all assessments, the occurrence of the hyper-
active delirium subtype was 15%, mixed was 26%, hypoactive was 35%, and no
subtype was 24% (Meagher et al. 2012). A review article including 38 studies was
conducted in various clinical settings aimed at examining prevalence and correla-
tions of hypoactive delirium. The prevalence of hypoactive delirium varied consid-
erably among clinical settings, but hypoactive delirium was more common in
critically ill patients and less common in patients examined by consultation-liaison
psychiatric services and in mixed patient populations. C-L psychiatrists are more
likely to be called when a patient is agitated and uncooperative. The presence of
hypoactive delirium in ICU patients was associated with higher short- and long-term
mortality and other adverse outcomes (Peritogiannis et al. 2015) perhaps because
hypoactive patients are too sick to show hyperactive symptoms.

The typical antipsychotic medication, haloperidol, has been used as the primary
agent of choice for the treatment of hyperactive- and mixed-type delirium. The
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American College of Critical Care Medicine (ACCM) of the Society of Critical Care
Medicine (SCCM) published guidelines recommending haloperidol as the preferred
agent for the treatment of delirium in critically ill patients. They also recommended
that patients should be monitored for electrocardiographic changes such as arrhyth-
mias and QTc interval prolongation when utilizing haloperidol (Jacobi et al. 2002).
Consensus among clinicians regarding pharmacological treatment strategies for
hypoactive delirium has been elusive. Methylphenidate has been shown to improve
cognitive functioning in patients with advanced cancer and hypoactive delirium
(Gagnon et al. 2005). Aripiprazole has also been examined and been shown to be
a viable treatment option for patients with hypoactive delirium (Alao and Moskowitz
2006; Boettger and Breitbart 2011; Straker et al. 2006). Ramelteon demonstrated
improvement in a patient with hypoactive delirium in a single case report (Miura et
al. 2015). In addition, quetiapine was shown to reduce the duration of hypoactive
delirium in critically ill adults (Michaud et al. 2015). Finally, low doses of haloper-
idol or risperidone have been recommended for the treatment of hypoactive delirium
(Maldonado 2015).

Emergence Delirium

Emergence delirium is an acute confusional state lasting minutes to hours which
occurs during or immediately after emergence from anesthesia (Gross and Stern
2014). A prospective, observational cohort study assessed adult patients emerging
from general anesthesia in the operating room to determine incidence, predictors,
and consequences of emergence delirium. The authors found that 3.7% of the
patients showed signs of emergence delirium when emerging from anesthesia
which declined to 1.3% once reevaluated in the postanesthesia care unit. They also
determined that male sex, volatile anesthesia, and endotracheal tubes were factors
significantly related to emergence delirium. Finally, the most notable clinical con-
sequence was the need for additional staff to be called to maintain safety for agitation
(Munk et al. 2016). Dexmedetomidine appears to be emerging as a potential effective
treatment option. A case report described the successful treatment of emergence
delirium in a 71-year-old post-ECT patient with a dexmedetomidine infusion (Cohen
and Stewart 2013). Similarly, a systematic review and meta-analysis of 12 studies found
that intravenous alpha-2-agonists greatly reduced the risk of emergence delirium in
children after general anesthesia (Pickard et al. 2014). Further studies in adults are
required to determine effective treatment strategies.

Delirious Mania

Delirious mania is a neuropsychiatric syndrome characterized by the rapid onset of
delirium and mania co-occurring at the same time (Jacobowski et al. 2013). Fink and
Taylor 2003, wrote “the presence of the complex syndrome of mania and delirium,
with or without obvious catatonia, justifies the syndromal diagnosis of delirious
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mania.” Delirious mania may represent up to 15% of all acute mania cases
(Jacobowski et al. 2013). The syndrome itself is severe, under-recognized, and
potentially life threatening (Lee et al. 2012). It is often difficult to distinguish from
excited catatonia (Detweiler et al. 2009). Symptoms tend to have an acute onset,
rapid progression (hours to days), and fluctuating course. The patient can experience
symptoms of both delirium (disorientation, fluctuating sensorium, severe cognitive
dysfunction, altered consciousness) and mania (intense excitement, grandiosity,
irritability, insomnia, psychomotor agitation, disorganization, hypersexuality), and
neuropsychiatric complications can include psychosis and/or catatonia (Jacobowski
et al. 2013).

Fink and Taylor described the features of delirious mania as: “The outstanding
feature of a delirious mania is a nightmarish, dreamlike, derealization within an
altered sensorium. The change in perception is profound, frightening the subject and
leading to restlessness, agitation, and thrashing about. Patients harm themselves and
others. Stereotypy, grimacing, posturing, echolalia, and echopraxia are common.
Negativism and automatic obedience are almost always present. Patients sleep
poorly, are unable to recall their recent experiences, or the names of objects or
numbers given to them, and are disoriented. They confabulate, often with fantastic
stories. The onset develops rapidly, within a few hours or a few days. Fever, rapid
heart rate, elevated blood pressure, and rapid breathing are prominent. Patients hide
in small spaces, close the doors and blinds on windows, and remove clothes and run
nude from their home. Garrulousness, flights of ideas, and rambling speech alternate
with mutism” (Fink and Taylor 2003).

The similarities to catatonia are clear. As such, nonmalignant and malignant
delirious mania have been described with malignant delirious mania presenting
with delirium, mania, and autonomic instability (tachycardia and hypertension) or
hyperthermia, likened to a malignant catatonia. For nonmalignant delirious mania,
benzodiazepines and/or ECT can be initiated with mood stabilizers, and, if necessary,
atypical antipsychotics can be added adjunctively. Typical antipsychotics should be
avoided as they can precipitate the malignant subtype, NMS, or malignant catatonia.
If malignant delirious mania ensues, intensive support is warranted, and benzodiaz-
epines and/or ECT should be immediately initiated with discontinuation of any
antipsychotic medications. Delirious mania can quickly become life threatening.
Early recognition is paramount as high-dose lorazepam and/or ECT are highly
effective, first-line treatments which can significantly reduce morbidity and mortality
(Jacobowski et al. 2013; Detweiler et al. 2009; Lee et al. 2012; Fink and Taylor
2003).

Subsyndromal Delirium

Subsyndromal delirium (SSD) has been described in the literature as a delirium
subtype in which the presence of certain symptoms of delirium exists, but the patient
does not meet full criteria for delirium (Cole et al. 2013; Meagher et al. 2014).
Studies have been conducted to attempt to better define the characteristics of this
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subtype. A systematic review of 12 studies focusing on older patients determined
that the combined incidence of SSD was 13% (95% CI, 6-23%) and combined
prevalence was 23% (95% CI, 9—42%) and that episodes were often recurrent. The
authors defined SSD as the presence of one or more symptoms of delirium, not
meeting criteria for delirium and not progressing to delirium. They identified four
statistically significant risk factors including presence of dementia, admitted from an
institution, increasing severity of medical illness, and vision impairment. Outcomes
including rates of death and institutionalization were significantly worse for groups
with SSD (Cole et al. 2013). A point prevalence study conducted of adult patients in
a general hospital setting found that SSD was found in 7.7% when utilizing a DRS-
R98 score of 7-11 and 13.2% when utilizing a two fourth Confusion Assessment
Method (CAM) criteria score. The authors also reported that SSD with inattention
had greater disturbance with multiple delirium symptoms than subjects without.
They argued that inattention should be central to SSD definitions (Meagher et al.
2014). A prospective cohort study of patients 65 years or older undergoing major
noncardiac surgery was conducted to determine SSD’s prognostic significance. SSD
was defined as the presence of at least one tenth symptoms of delirium defined by
CAM criteria. The authors found that a patient with one SSD feature was 1.07 times
more likely to have delirium the following day (95% CI: 0.42-2.53), 3.32 times
more likely with two SSD features (95% CI: 1.42—7.57), and 8.37 times more likely
if greater than two SSD features were present (95% CI: 4.98-14.53). They also
reported a significant relationship between the number of SSD features present and
increased length of hospital stay and worsened functional status at 1 month after
surgery (Shim et al. 2015). Treatment studies have yielded mixed results. Adminis-
tration of low-dose oral risperidone (0.5 mg every 12 h) to elderly patients who
experienced SSD after on-pump cardiac surgery was associated with significantly
lower incidence of delirium compared to controls (Hakim et al. 2012). Conversely,
low-dose, scheduled, intravenous haloperidol (1 mg every 6 h), initiated early in the
ICU stay, did not prevent delirium and had little therapeutic advantage in mechan-
ically ventilated, critically ill adults with SSD (Al-Qadheeb et al. 2016). Further
research is warranted to better characterize this syndrome and develop effective
prevention and treatment strategies.

Imaging and Delirium

Recently, several studies have examined the relationship between brain imaging
findings and delirium. A retrospective chart review was conducted to examine if
there was an association between delirium and cerebral white-matter hyperintensities
(WMH) on magnetic resonance imaging (MRI) in patients who underwent cardiac
surgery. The authors reported that the prevalence of severe WMH (Fazekas score = 3)
was significantly higher in patients with delirium, and this suggested that white-
matter abnormality was an important risk factor for the development of delirium after
cardiac surgery (Hatano et al. 2013). A retrospective medical record review in a large
academic center was conducted to determine the diagnostic yield of head computed
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tomography when evaluating a hospitalized medical patient with delirium. The
authors found that the diagnostic yield was low and that head imaging was unnec-
essary in the majority of cases of delirium (Theisen-Toupal et al. 2014). A prospec-
tive cohort study utilized perioperative brain magnetic resonance imaging (MRI) to
determine the relationship between MRI findings and postoperative delirium in
patients undergoing elective off-pump coronary artery bypass grafting (OPCAB).
The authors found that magnetic resonance imaging findings of new cerebral
ischemic lesions, carotid stenosis, and deep subcortical white-matter hyperintensity
correlated significantly with postoperative delirium in patients who had undergone
OPCAB surgery (Omiya et al. 2015). A prospective cohort study was conducted to
determine the feasibility of functional magnetic resonance imaging (fMRI) assess-
ments in survivors of critical illness and analyze potential associations between
delirium and brain activation patterns observed during a working memory task (N-
back) at hospital discharge and 3-month follow-up. The authors reported that no
association was observed between delirium duration in the hospital and brain region
activity in any brain region at discharge or at 3 months after adjusting for relevant
covariates (Jackson et al. 2015).

A prospective cohort study investigated the association of magnetic resonance
imaging (MRI)-derived quantitative measures of white-matter damage, global brain,
and hippocampal volume with the incidence and severity of delirium in subjects
aged 70 years or older who were undergoing elective surgery. The authors found no
statistically significant differences in white-matter hyperintensities, whole brain, or
hippocampal volume between subjects with and without delirium (Cavallari et al.
2015). A prospective observational trial was conducted to examine the association
between brain MRI characteristics potentially associated with delirium vulnerability
and the development of postoperative delirium in patients who had brain MRI after
cardiac surgery. The authors found that increased brain ventricular size was inde-
pendently associated with delirium after cardiac surgery and hypothesized that
cerebral atrophy may contribute to increased vulnerability for postoperative delirium
(Brown et al. 2015). A prospective study in a university hospital of subjects
undergoing elective cardiac surgery found that magnetic resonance imaging revealed
a statistically significant reduction in the gray-matter volume of patients with
delirium in the defined gyri of the temporal and limbic lobes. The authors concluded
that decreased volume of gray matter could be associated with the vulnerability to
delirium after surgery (Shioiri et al. 2016). Finally, a subsample of an ongoing
prospective cohort study of older adults undergoing elective major noncardiac
surgery revealed that presurgical diffusion tensor imaging (DTI) abnormalities of
the cerebellum, cingulum, corpus callosum, internal capsule, thalamus, basal fore-
brain, and occipital, parietal, and temporal lobes, including the hippocampus, were
associated with delirium incidence and severity. The authors concluded that the
finding of an association of premorbid DTI abnormalities with delirium incidence
and severity supports the hypothesis that structural dysconnectivity and microstruc-
tural tissue changes can predispose to delirium under the stress of surgery (Cavallari
et al. 2016). It is likely that further imaging studies exploring the relationship of
structural changes in the brain to incidence, prevalence, and severity of delirium will



8 W.J. Kilpatrick Ill and B. Liptzin

continue as technology in this area continues to develop. It is unclear whether
identification of risk on imaging studies would change the management of patients.

Advances in Delirium Management

Over the past decade, a number of trials aimed to advance our approach to the
management of delirium have focused on both pharmacological and non-
pharmacological prevention and treatment strategies. The majority of clinical trials
reviewed here focus on these prevention strategies; however, some studies focusing
on treatment have been included for completeness. A significant number of screen-
ing tools for the detection of delirium have also emerged and been utilized in these
studies. The use of varied tools to detect delirium has not been found to bias results
across studies.

Melatoninergic Agents: Melatonin and Ramelteon

The use of melatonin and its synthetic analog, ramelteon, has garnered recent interest
as potential pharmacological agents that could be utilized in the prevention or
treatment of delirium, particularly in the elderly in acute care settings. Melatonin
or diurnal dysregulation has been identified as a potential hypothesis regarding the
neuropathogenesis of delirium and has been extensively reviewed (Maldonado
2013).

A randomized controlled double-blind study examining the role of perioperative
melatonin in both prevention and treatment of delirium was performed in patients
aged >65 undergoing hip arthroplasty under spinal anesthesia. The patients were
randomly assigned to four groups including control, melatonin (5 mg), midazolam
(7.5 mg), and clonidine (100 ug). The intervention groups received their respective
medications at bedtime the night before their procedure and 90 min prior to their
procedure at the above doses. Patient’s receiving melatonin demonstrated a statisti-
cally significant decrease in the percentage of postoperative delirium (32.65%
control group vs. 9.43% melatonin group; (P = 0.003) vs. 44% midazolam group
vs. 37.25% clonidine group). In addition, of the patients who did develop postoper-
ative delirium in the study 58.06% experienced resolution of delirium symptoms
after treatment with melatonin. The author concluded that preoperative administra-
tion of melatonin was successful in decreasing postoperative delirium and was also
effective in treating postoperative delirium when given for three consecutive post-
operative nights (Sultan 2010). Similarly, a randomized, double-blind, placebo-
controlled study was performed to evaluate the efficacy of low-dose exogenous
melatonin in decreasing delirium in patients aged 65 years or older who were
admitted to a medical unit in a tertiary care hospital. The patients were randomized
to receive either placebo or melatonin (0.5 mg) nightly for 14 consecutive days or
until discharge. The melatonin group saw significantly lower percentage rates of
delirium (12.0%) versus the placebo group (31.0%; P = 0.014). In addition, after
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excluding patients who were delirious at enrolment, melatonin was still associated
with a lower risk of delirium (3.6% in the melatonin group vs. 19.2% in the placebo
group, P < 0.02). The authors concluded that administration of low-dose melatonin
nightly to elderly patients in acute care settings may play a protective role against the
development of delirium (Al-Aama et al. 2011).

A multicenter, double-blind, randomized controlled trial examined the effect of
melatonin on the incidence of delirium among patients aged 65 or older with
emergent hip fractures in one academic and two nonacademic hospitals. The patients
in the trial received either melatonin 3 mg or placebo in the evening for five
consecutive days, starting within 24 h of admission. However, in this trial, there
was no difference in the incidence of delirium in the melatonin group (29.6%) versus
the placebo group (25.5%; P = 0.4). The authors also followed the two groups for
3 months following the primary trial and found no differences in cognitive outcomes,
functional outcomes, or mortality rates between the two treatment groups (de Jonghe
et al. 2014). A multicenter, rater-blinded, randomized placebo-controlled trial exam-
ined the effect of ramelteon, a synthetic analog of melatonin, on the incidence of
delirium among patients aged 65 or older admitted to intensive care units and regular
acute wards of four university hospitals and one general hospital. The patients in the
trial received either ramelteon 8 mg or placebo nightly for 7 days. The incidence of
delirium in the ramelteon group (3%) was significantly less than the placebo group
(32%; P = 0.003). Thus, ramelteon was associated with a lower risk of delirium,
with a relative risk of 0.09 (95% CI, 0.01-0.69). The authors concluded that nightly
ramelteon administration to elderly patients admitted to acute care settings may
provide protection against the development of delirium (Hatta et al. 2014).

A prospective single-center observational nonrandomized study was performed
to determine if prophylactic treatment with melatonin could reduce the incidence of
postoperative delirium in elective or urgent cardiac surgery patients. The treatment
group received melatonin 5 mg the evening before the operation, and the treatment
was continued until postoperative day 3. The authors found that the incidence of
delirium was 8.4% in the melatonin group versus 20.8% in the control group
(P = 0.001). They concluded that prophylactic treatment with melatonin decreased
the incidence of postoperative delirium after cardiac surgery (Artemiou et al. 2015).
A randomized double-blind study involving patients with mean age of 60 examined
the effect of melatonin versus oxazepam on post-cardiac surgery sleep disorder. The
patients were randomized to receive either melatonin 3 mg or oxazepam 10 mg 1 h
before sleep time, from 3 days before surgery until the time of discharge. The authors
found that patients in the oxazepam group demonstrated significantly higher distur-
bance in their mean postoperative quality of sleep versus the melatonin group. They
did not find a statistically significant difference in the incidence of delirium between
the two groups (Dianatkhah et al. 2015).

A systematic review examining melatonin treatment on circadian rhythm distur-
bances in dementia found that melatonin improved sundowning and agitated behav-
ior in patients with dementia and argued that melatonin treatments could be effective
in patients with delirium (de Jonghe et al. 2010). An editorial commenting on the
above studies argued that melatonin and ramelteon prevent delirium in acutely ill
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medical, elective surgical, and ICU patients (de Rooij et al. 2014). A meta-analysis
of randomized controlled trials examining the role of melatonin for delirium pre-
vention, including the above four RCTs, concluded that melatonin supplementation
had a significant preventive effect in decreasing the incidence of delirium in elderly
patients that were presented to medical wards but not surgical wards (Chen et al.
2015). A systematic review of pharmacological interventions for preventing delir-
ium in the elderly, including melatonin and ramelteon, found that the above trials
suggested a potential role for melatonin in preventing and treating delirium in older
adults (Ford and Almeida 2015). A review examining circadian rhythm disruption in
the critically ill also examined the above studies and argued for further testing of
lighting and melatoninergic interventions in full-scale trials (Oldham et al. 2016).
Finally, a recent systematic review was performed of randomized controlled trials to
assess the effectiveness of interventions for the prevention of delirium in hospital-
ized non-intensive care unit patients. The authors concluded that there was no clear
evidence to support the effectiveness of melatonin or ramelteon in reducing delirium
incidence compared to placebo in hospitalized non-intensive care unit patients
(Siddiqi et al. 2016). At this time, further large-scale randomized controlled trials
are warranted to assess the effectiveness of melatonin for the prevention or treatment
of delirium.

Acetylcholinesterase Inhibitors: Rivastigmine and Donepezil

Acetylcholinesterase inhibitors have also been studied as potential pharmacological
agents that could reduce the incidence of delirium. Donepezil and rivastigmine have
each been studied in randomized controlled trials examining their potential use for
the prevention of delirium.

A retrospective cohort study examined the efficacy of chronic rivastigmine usage
in patients with dementia on incidence of delirium. In the study, patients who were
treated by a geriatrics consultation service in a general teaching hospital were
screened for chronic rivastigmine usage and compared with a randomly selected
subgroup of all patients not treated with rivastigmine. 45.5% of subjects in the
rivastigmine group developed delirium compared to 88.9% in the control group
(p < 0.05). The authors concluded that chronic rivastigmine usage may be associ-
ated with a lower incidence of delirium in elderly hospitalized patients with dementia
(Dautzenberg et al. 2004). A prospective study was conducted to determine if
rivastigmine had an effect on delirium in patients with vascular dementia. Patients
between the ages of 65-80 who were diagnosed with vascular dementia were
included in the study and randomized to receive rivastigmine 6 mg or cardioaspirin.
The authors found that 40% of the patients receiving rivastigmine developed delir-
ium versus 62% (p < 0.001) in the cardioaspirin treatment group. They concluded
that rivastigmine may help in reducing the frequency of delirium episodes in this
patient population (Moretti et al. 2004).

A prospective open-label study was conducted to assess the feasibility and safety
profile of rivastigmine in elderly patients who developed delirium after a recent
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stroke. Patients found to be delirious were treated with orally administered
rivastigmine with a total dose between 3 and 12 mg/day. The authors reported
there was a considerable decrease in severity and duration of delirium. No major
side effects were recorded. They concluded that rivastigmine was safe in stroke
patients with delirium, even after rapid titration, and that in the majority of patients
the delirium improved after treatment (Oldenbeuving et al. 2008). A double-blind,
randomized, placebo-controlled trial was conducted to determine if rivastigmine
could reduce the incidence of delirium in elderly patients undergoing elective cardiac
surgery. Patients aged 65 years or older undergoing elective cardiac surgery with
cardiopulmonary bypass in a university hospital were included in the study. The
patients were randomly assigned to receive three doses of rivastigmine 1.5 mg per
day or three doses of placebo per day, starting the evening preceding surgery and
continuing until postoperative day number six. Delirium developed in 32% of the
patients in the rivastigmine group and 30% of the patients in the placebo group. The
difference was not statistically significant between the two groups. The authors
concluded that this was a negative trial that did not support the short-term prophy-
lactic use of rivastigmine to prevent postoperative delirium in elderly patients who
underwent elective cardiac surgery (Gamberini et al. 2009).

A large, double-blind, randomized placebo-controlled trial was initiated to study
the effect of rivastigmine on duration of delirium in critically ill patients. Patients,
aged 18 years or older, were enrolled from six different intensive care units. They
were randomized to receive either placebo or an increasing dose of rivastigmine, as
an adjunct to usual care with haloperidol. The authors reported that the data safety
and monitoring board recommended that the trial be halted because the percentage of
mortality in the rivastigmine group (22%) was higher than in the placebo group (8%;
p = 0.07). The authors also commented that median duration of delirium was longer
in the rivastigmine group (5.0 days) versus the placebo group (3.0 days; p = 0.06).
They concluded that rivastigmine did not decrease duration of delirium and might
have increased mortality. They recommended against the use of rivastigmine to treat
delirium in critically ill patients (van Eijk et al. 2010). A double-blind, randomized,
placebo-controlled, pilot clinical trial was conducted to study the effect of transder-
mal rivastigmine on the incidence of postoperative delirium. Patients aged 70 years
or older undergoing major surgery were included in the study. Patients received
rivastigmine 5-cm? transdermal patch or a placebo patch preoperatively. The study
was halted because of a warning letter issued by Novartis, the rivastigmine manu-
facturer, indicating the possibility of increased mortality associated with oral admin-
istration of the drug in critically ill patients (van Eijk et al. 2010) as mentioned in the
above study. The authors found that 18% of the patients in the rivastigmine group
developed delirium versus 23% (p = 0.075) in the placebo group. The authors
concluded that the difference in incidence of postoperative delirium in the
rivastigmine group versus the placebo group was not statistically significant
(Zaslavsky et al. 2012).

A double-blind, randomized, placebo-controlled trial was conducted to study the
effects of donepezil on the prevention and treatment of postoperative delirium.
Patients aged 50 years or older undergoing elective total knee or hip arthroplasty
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in a major academic hospital were included in the study. Patients were randomly
assigned to receive either donepezil (5 mg) or placebo daily for 14 days prior to
surgery and 14 days after surgery. The authors found that 20.5% of the patients
receiving donepezil developed postoperative delirium versus (17.1%; p = 0.69) in
the placebo group. The difference in incidence of delirium between the two groups
was not statistically significant. They concluded that the study did not demonstrate a
benefit for donepezil in preventing or treating this cohort of patients undergoing
elective orthopedic surgery (Liptzin et al. 2005).

A double-blind, placebo-controlled, parallel-group randomized trial was
conducted to determine the efficacy of donepezil in preventing postoperative delir-
um. Patients with mean age of 67 years old undergoing elective total hip replace-
ment surgery were included in the study and were randomly assigned to receive
either donepezil (5 mg) or placebo immediately after surgery and then every 24 h
following for 3 days. The authors found that 9.5% of the patients receiving donepezil
developed postoperative delirium versus 35.7% (p = 0.08) of the patients receiving
placebo. The difference was not statistically significant perhaps because of the small
sample size. They concluded that donepezil did not reduce the incidence of delirium
(Sampson et al. 2007). A pilot, double-masked, randomized, placebo-controlled trial
was conducted to determine if donepezil could be effective in reducing the preva-
lence and severity of delirium after hip fracture. Patients aged 70 years or older
undergoing hip fracture repair in an academic medical center were included in the
study and were randomly assigned to receive either donepezil (5 mg) or placebo. The
authors reported that in longitudinal models, there were no significant differences
between the treatment groups (donepezil vs. placebo) with regard to delirium
presence over time. They concluded that donepezil had no significant benefit
(Marcantonio et al. 2011).

The use of acetylcholinesterase inhibitors for the prevention of delirium remains
controversial. The current evidence suggests that they are not effective agents for
reducing the incidence of delirium in elderly patients. In addition, the fact that one
trial involving rivastigmine was halted for concerns regarding increased mortality
should give providers pause if considering this agent for delirium prevention. A
recent systematic review analyzing the randomized controlled trials discussed above
concluded that the current evidence did not suggest efficacy of acetylcholinesterase
inhibitors for the prevention or management of delirium (Tampi et al. 2016).

Alpha-2 Agonists: Dexmedetomidine and Clonidine

Recently, considerable research has been conducted by intensivists and anesthesiol-
ogists examining the role of the central acting alpha-2 adrenergic receptor agonists,
dexmedetomidine and clonidine, in intensive care unit settings and postoperative
settings, regarding their efficacy in the prevention of delirium. In these trials, patients
were typically screened for delirium utilizing the Intensive Care Delirium Screening
Checklist (ICDSC) or the Confusion Assessment Method for the ICU (CAM-ICU),
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and sedation was typically measured using the Richmond Agitation and Sedation
Scale (RASS).

A double-blind, randomized controlled trial (MENDS trial) was conducted in two
tertiary care centers to study the effects of dexmedetomidine (DEX) on duration of
delirium and coma, while providing adequate sedation in ICU patients who were
mechanically ventilated. Patients were randomly assigned to receive sedation with
DEX (0.15-1.5 ug/kg/h) or lorazepam (1-10 mg/h) for up to 120 h. The authors
reported that the patients who received DEX for sedation experienced more days
alive without delirium or coma (median days, 7.0 vs. 3.0; p = 0.01) and had a lower
prevalence of coma (63% vs. 92%; p < 0.001) compared to lorazepam. Patients
sedated with DEX also spent more time at sedation goals (p = 0.04) (Pandharipande
et al. 2007). A large, prospective, double-blind, randomized trial (SEDCOM Trial)
was conducted in ICUs in 68 centers in five countries comparing the efficacy and
safety of dexmedetomidine (DEX) with midazolam (MID) for prolonged sedation in
mechanically vented patients. Patients were randomly assigned to receive light seda-
tion (RASS scores —2 to +1) with DEX (0.2—1.4 ug/kg/h) or MID (0.02—-0.1 mg/kg/h)
from enrollment until extubation or 30 days. The authors reported that the prevalence
of delirium during treatment was lower in the DEX treatment group (54%) versus the
MID treatment group (76.6%; p < 0.001). Patients receiving DEX experienced shorter
median time to extubation (3.7 days vs. 5.6 days, p = 0.01), less likelihood of
tachycardia (25.4% vs. 44.3%, p < 0.001), and less hypertension requiring treatment
(18.9% vs. 29.5%; p = 0.02) (Riker et al. 2009).

A randomized, open-label, parallel-group, pilot trial was conducted in a univer-
sity hospital ICU to compare the efficacy of dexmedetomidine (DEX) and haloper-
idol (HAL) in facilitating extubation in delirious, agitated, mechanically ventilated
patients. Patients were randomly assigned to receive an infusion of DEX
(0.2-0.7 ug/kg/h) or HAL (0.5-2.0 mg/h). The authors reported that DEX shortened
medium time to extubation (42.5 vs. 19.9 h; p = 0.016) and decreased ICU length of
stay (6.5 vs. 1.5 days; p = 0.004), and for patients who required ongoing propofol
sedation, DEX halved the proportion of time that propofol was required by (79.5%
vs. 41.2%; p = 0.05) (Reade et al. 2009). An open-label, prospective, randomized
clinical trial was conducted in a tertiary care university medical center to examine the
effects of postoperative sedation utilizing dexmedetomidine (DEX), propofol
(PROP), or midazolam (MID) on the development of delirium in patients undergo-
ing cardiac valve operations with cardiopulmonary bypass. Patients were randomly
assigned to receive one of three sedation protocols in the postoperative period
including DEX (loading dose: 0.4 ug/kg, maintenance drip: 0.2-0.7 ug/kg/h),
PROP (25-50 ug/kg/min), and MID (0.5-2.0 mg/h). The authors reported that the
incidence of delirium in the DEX sedation protocol group was 3% versus the PROP
group (50%; p < 0.001) versus the MID group (50%; p < 0.001). In addition, the
number of delirious days was significantly lower in the DEX sedation protocol group
(1%) versus the PROP group (16%; p < 0.001) versus the MID group (29%;
p < 0.001). They concluded that sedation with DEX was associated with a signif-
icantly reduced incidence of postoperative delirium in patients undergoing cardiac
valve operations with cardiopulmonary bypass (Maldonado et al. 2009). A double-
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blind, randomized, controlled clinical trial (DEXCOM trial) was conducted in two
tertiary referral university-affiliated hospitals to examine the effects of
dexmedetomidine (DEX) compared to morphine, at equivalent levels of sedation
and analgesia, on the prevalence of delirium. Patients aged 60 years or older
undergoing pump cardiac surgery were randomized to receive either DEX
(0.1-0.7 ug/kg/h) or morphine (10—70 ug/kg/h). The authors reported that delirium
incidence was comparable between the DEX treatment group (8.6%) and the mor-
phine group (15%; p = 0.088) but that the duration of delirium was significantly less
in the DEX group compared to the morphine group (2 vs. 5 days; p = 0.0317). They
concluded that DEX reduced the duration but not the incidence of delirium after
cardiac surgery in this cohort of patients (Shehabi et al. 2009).

Two phase 3 multicenter, randomized, double-blind trials were conducted to
compare dexmedetomidine (DEX) with midazolam (MID) (MIDEX trial) in ICUs
of 44 centers in nine European countries and DEX with propofol (PROP) (PRODEX
trial) in ICUs in 31 centers in six European countries and two centers in Russia, to
determine efficacy in maintaining sedation, reducing duration of mechanical venti-
lation, and improving patients’ interaction with nursing care. Adult ICU patients
receiving mechanical ventilation who needed light to moderate sedation for more
than 24 h were randomly assigned to receive sedation with DEX (0.2—1.4 ug/kg/h)
versus MID (0.03-0.2 mg/kg/h) (MIDEX trial) or DEX (0.2-1.4 ug/kg/h) versus
PROP (0.3-4.0 mg/kg/h) (PRODEX trial). With regard to delirium, the authors
reported that in the MIDEX trial, rates of neurocognitive adverse events, including
delirium, were not different between patients receiving DEX or MID. In the PRO-
DEX trial, DEX was associated with fewer neurocognitive disorders, including
delirium, than PROP (18%, vs. 29%; p = 0.008), respectively. They added that
DEX was not inferior to MID and PROP in maintaining light to moderate sedation;
DEX reduced duration of mechanical ventilation compared with MID; and DEX
improved patients’ ability to communicate pain compared to MID and PROP (Jakob
et al. 2012). Finally, a prospective, randomized, single-blinded, controlled clinical
trial was conducted in a single center to compare dexmedetomidine (DEX)- and
propofol (PROP)-based postoperative sedation regimens on the incidence of post-
operative delirium after cardiac surgery. Patients aged 60 years or older who
underwent cardiac surgery were randomly assigned to receive either DEX (loading
dose: 0.4 ug/kg, maintenance drip: 0.2-0.7 ug/kg/h) or PROP (25-50 ug/kg/min) in
the postoperative period. The authors reported that sedation with DEX reduced the
incidence of postoperative delirium when compared with PROP (17.5% vs. 31.5%;
p = 0.028), respectively. The median onset of postoperative delirium was on
postoperative day 2 for the DEX group versus postoperative day 1 in the PROP
group (p = 0.027), and duration of postoperative delirium in the DEX group was
2 days compared to 3 days in the PROP group (p = 0.04). They concluded that
postoperative administration of a DEX-based sedation regimen resulted in reduced
incidence, delayed onset, and shortened duration of postoperative delirium in elderly
patients after cardiac surgery (Djaiani et al. 2016).

A meta-analysis of ten RCTs examining dexmedetomidine (DEX) versus pro-
pofol in adult ICU patients found that DEX may offer advantages over propofol in
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terms of risk of delirium and decreased length of stay in the ICU. The authors also
reported that bradycardia and hypertension were notable side effects associated with
administration of DEX (Xia et al. 2013). A meta-analysis of 14 RCTs versus any
comparator in the ICU setting was also conducted. The authors reported that DEX
reduces the incidence of delirium in critically ill patients. This was particularly
evident in the general ICU setting and in the subgroup of patients requiring nonin-
vasive mechanical ventilation. They added that the advantages were very encourag-
ing when DEX was compared with midazolam (Pasin et al. 2014). Finally, a meta-
analysis of 16 RCTs examined the efficacy and sedation of DEX with comparators
(propofol, midazolam, and lorazepam) in critical care patients. The authors found
that DEX was associated with a 48-h reduction in ICU length of stay and duration of
mechanical ventilation. DEX was also associated with a significant reduction in
incidence of delirium. They also reported that DEX was associated with an increase
in bradycardia and hypotension which was consistent with other studies (Constantin
et al. 2016).

At this point, there is strong evidence that DEX lowers the incidence of delirium,
reduces duration of mechanical ventilation, and shortens length of stay in intensive
care units. Larger, multicenter, randomized, clinical trials will help to further define
the role of DEX in the prevention of delirium. Further advantages of DEX include its
ability to provide sedation, reduce concurrent analgesic requirements, and maintain
patient arousability without inducing respiratory depression. One of its limitations is
that it is only available in intravenous formulations. This prompted examination of
clonidine, an alpha-2 receptor agonist, which can be administered in intravenous or
enteral formulations.

A prospective, randomized, pilot trial was conducted to examine the effect of IV
clonidine on incidence and severity of delirium in patients undergoing surgery for
acute type A aortic dissection. Patients were prospectively randomized to receive
either clonidine (0.5 ug/kg bolus, followed by continuous infusion at 1-2 ug/kg/h) or
placebo (normal saline) upon starting and throughout the weaning period from
mechanical ventilation. The authors reported that there was no significant difference
between the clonidine group and the placebo group (33% vs. 40%; p = 0.705) with
regard to incidence of delirium, respectively. They did report that the severity of
delirium was less in the clonidine group compared to the placebo group. They
concluded that the use of clonidine during the weaning period after surgery reduced
the severity of postoperative delirium (Rubino et al. 2010). A novel, single academic
center, prospective, observation, pilot study was conducted to assess the efficacy,
safety, and cost of transitioning selected ICU patients from dexmedetomidine (DEX)
to enteral clonidine. The authors reported that 75% of the patients were successfully
transitioned from DEX within 48 h of starting clonidine. Clonidine was the sole
alpha-2 receptor agonist administered for 45 h while in the ICU and 54 h outside the
ICU. They reported that patients who were receiving clonidine alone as the sole
alpha-2 receptor agonist had lower fentanyl requirements compared to DEX alone
(387 ug/day vs. 891 ug/day; p = 0.03), respectively. They reported that the potential
drug acquisition cost avoidance was between $819 and $2338 per patient during the
3-month study. They concluded that transitioning from DEX to clonidine may be
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safe, efficacious, and a less costly method of maintaining treatment with alpha-2
receptor agonists in critically ill adults (Gagnon et al. 2015).

Clonidine does appear to have a potential role in the management of delirium in
ICUs and on general medical/surgical floors, indicating that alpha-2 receptor ago-
nists should continue to be studied. At this time, further larger, randomized, con-
trolled trials are warranted to determine clonidine’s efficacy and potential role in the
management of delirium.

Antiepileptic Drugs: Valproic Acid and Gabapentin

A case series was published in which the authors described the management of
delirium or psychotic agitation in six patients with either the intravenous or liquid
oral form of VPA (dose ranges: 500-2500 mg daily in divided doses). VPA was used
in these cases due to either ineffectiveness or side effects of antipsychotic medica-
tions or benzodiazepines used as first-line therapies. Treatment with VPA adjunctive
to conventional therapies led to improvement in behavioral symptoms in all six
cases. In addition, there were no significant side effects associated with VPA use in
these cases. The authors concluded that VPA can be an effective treatment for
delirium when conventional treatments are ineffective or cause concerning side
effects (Bourgeois et al. 2005). A retrospective chart analysis was conducted on 16
patients in an academic hospital to examine the effectiveness of VPA as an adjunc-
tive treatment for patients presenting with hyperactive delirium who were not
responding to conventional treatment with antipsychotic medications. The authors
reported that complete resolution of delirium was achieved in 13 of the 16 patients
after treatment with VPA. The average daily dose of VPA through day 4 of treatment
was 1133-1258 mg which was given in two or three divided doses. The average time
from starting treatment with VPA to complete resolution of symptoms of delirium
was 6.2 days. They stated that adjunctive treatment with VPA resulted in significant
improvement in symptoms of hyperactive delirium and that the agent was well
tolerated and had minimal adverse effects. They concluded that VPA may represent
a promising treatment modality for hyperactive delirium and called for randomized
controlled trials to further determine efficacy of this agent in this patient population
(Sher et al. 2015).

A double-blind, placebo-controlled, randomized, pilot clinical trial was
conducted in an academic hospital to examine the effect of gabapentin on the
incidence of delirium in patients receiving spinal surgery. Patients undergoing
surgery involving their spine were randomly assigned to receive either gabapentin
(900 mg) or placebo, 1-2 h before surgery and anesthesia and then daily for the first
three postoperative days. The authors reported that the gabapentin treatment group
experienced a lower incidence of delirium compared to the placebo group (0% vs.
42%; p = 0.045), respectively. They concluded that treatment with gabapentin
produced a significantly lower incidence of postoperative delirium (Leung et al.
2006). A randomized, double-blind, placebo-controlled study was conducted to
examine if perioperative gabapentin could improve in-hospital rehabilitation and
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physical function after total knee arthroplasty. Two hours prior to surgery, patients
received celecoxib 400 mg and were then randomly assigned to receive either
gabapentin (600 mg) or placebo, followed by gabapentin (200 mg) or placebo
three times per day for 4 days. The authors reported that use of gabapentin decreased
postoperative analgesic requirements and improved knee range of motion (Clarke et
al. 2014). A post hoc analysis of this study was conducted to examine rates of
postoperative delirium in the two treatment groups. The authors found that there was
no difference in the incidence of delirium between the gabapentin or placebo
treatment groups (12% vs. 9%; p = 0.53) respectively. They concluded that there
was no difference between treatment with gabapentin or placebo on the incidence of
delirium in patients receiving TKA (Dighe et al. 2014).

To date, no randomized controlled studies have been conducted examining the
role of valproic acid (VPA) in the management of delirium. Despite this, VPA is
commonly used in intensive care units and on medical/surgical floors for the
treatment of delirium, often when antipsychotic medications are contraindicated or
have been ineffective. There is a clear need for randomized controlled trials to further
explore VPA’s effectiveness in the management of delirium. Similarly, the
contrasting results of the studies examining gabapentin’s role in the management
of delirium also warrant further, larger, randomized controlled trials. At this time,
these agents remain potential adjunctive treatments for delirium. Their function as
glutamate antagonists and calcium channel modulators may help to explain their
potential benefits in the treatment of delirium from a pathophysiological perspective
(Maldonado 2013, 2015).

Antipsychotic Agents: Prevention Studies

The typical antipsychotic medication, haloperidol, has been recognized as the
primary agent of choice for the treatment of hyperactive- and mixed-type delirium
as noted above. Recently, though, several studies examined the role of antipsychotic
medications for the prevention of delirium, representing a potential shift and advance
in delirium management. It is important to note, however, that a black box warning
exists for conventional or atypical antipsychotics due to increased mortality risk in
elderly dementia patients utilizing these medications. As such, it is imperative to
discontinue these medications at time of discharge if they are utilized for the
treatment or prevention of delirium in dementia patients.

A randomized, double-blind, placebo-controlled trial in a medical school-affili-
ated general hospital was conducted to examine the effect of haloperidol on inci-
dence, severity, and duration of postoperative delirium. Patients aged 70 years or
older who were undergoing hip surgery were randomly assigned to receive haloper-
idol (1.5 mg/day) or placebo on admission with a maximum delay to surgery of 72 h
and continued until 3 days after surgery. The authors reported there was no statis-
tically significant difference in the incidence of delirium between the haloperidol
treatment group (15.1%) versus the placebo group (16.5%). They did find that, on
average, delirium severity was less in the haloperidol group versus the placebo group
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and the mean duration of delirium was shorter in the haloperidol group compared
to the placebo group. In addition, the mean length of stay until discharge was
shorter in the haloperidol group versus placebo (Kalisvaart et al. 2005). A ran-
domized, double-blind, placebo-controlled trial was conducted to examine the
efficacy of risperidone on incidence of delirium in patients undergoing cardiac
surgery with cardiopulmonary bypass. Patients aged 40 years or older were
randomly assigned to receive a single dose of either sublingual risperidone
(1 mg) or sublingual placebo, when they regained consciousness from the surgical
procedure. The authors reported that the incidence of delirium was lower in the
risperidone treatment group (11.1%) versus the placebo group (31.7%; p = 0.009)
(Prakanrattana and Prapaitrakool 2007).

A randomized, double-blind, placebo-controlled trial was conducted in an
orthopedic teaching hospital to examine the effect of prophylactic administration
of olanzapine on the incidence of postoperative delirium. Patients aged 65 years
or older undergoing elective knee or hip replacement surgery were randomly
assigned to receive orally disintegrating olanzapine (5 mg) or orally
disintegrating placebo, one dose just before and after surgery (10 mg total).
The authors reported that the incidence of delirium was lower in the olanzapine
treatment group (14.3%) versus the placebo group (40.2%; p < 0.0001) for the
entire sample. They concluded that prophylactic, perioperative administration of
olanzapine significantly lowered the incidence of postoperative delirium in this
patient population (Larsen et al. 2010). A prospective, randomized, double-blind,
placebo-controlled trial was conducted in two tertiary teaching hospitals to
examine the effect of prophylactic administration of haloperidol on the incidence
of postoperative delirium. Patients aged 65 years or older who were admitted to
the intensive care unit after noncardiac surgery were randomly assigned to
receive either haloperidol (0.5 mg intravenous bolus injection followed by
continuous infusion at a rate of 0.Img/h for 12 h) or intravenous placebo. The
authors reported that the haloperidol group experienced a lower incidence of
delirium during the first 7 postoperative days compared to the placebo group
(15.3% vs. 23.2%; p = 0.031), respectively (Wang et al. 2012).

A before and after evaluation of a delirium prevention protocol targeting
critically ill patients considered to be high risk for delirium was conducted in a
single intensive care unit to determine if the protocol produced improved delir-
ium outcomes. Patients with a predicted risk for delirium of >50% or with a
history of alcohol abuse or dementia received intravenous haloperidol (1 mg/8 h)
within a 24-h period after ICU admission and were compared to a historical
control group who did not receive haloperidol prophylaxis. The authors reported
that the incidence of delirium was lower in the haloperidol group (65%) com-
pared to the control group (75%; p = 0.01) (van den Boogaard et al. 2013). A
randomized, open-label prospective trial was conducted to examine the effective-
ness of prophylactic treatment with haloperidol on the incidence of postoperative
delirium. Patients aged 75 years or older who underwent orthopedic or abdominal
surgery were randomly assigned to receive intravenous haloperidol (2.5 mg/day)
from postoperative days 1-3 or no treatment (control group). The authors
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reported that the incidence of postoperative delirium did not significantly differ
between the haloperidol group (42.4%) and the control group (33.3%;
p = 0.309). The authors concluded that prophylactic administration of haloper-
idol did not significantly decrease the incidence or severity of postoperative
delirium (Fukata et al. 2014).

Several systematic reviews and meta-analyses have examined the efficacy of
antipsychotic medications for the prevention of delirium. A meta-analysis of five
studies examined whether antipsychotic prophylaxis with haloperidol (three stud-
ies), risperidone (one study), and olanzapine (one study) prevented delirium. The
authors reported that in patients who received prophylactic administration of
antipsychotic medications, the pooled relative risk of the five studies resulted in
a 50% reduction in the relative risk of delirium compared with placebo (p < 0.01).
They concluded that in elderly patients, prophylactic administration of antipsy-
chotic medications in the perioperative period may reduce the overall risk of
postoperative delirium (Teslyar et al. 2013). A meta-analysis examining six studies
(haloperidol [three studies], risperidone [two studies], and olanzapine [one study])
produced similar results, with the authors reporting that prophylactic administra-
tion of antipsychotics demonstrated significant efficacy in reducing delirium
occurrence (RR = 0.50, p = 0.0003). The authors performed further sensitivity
analysis and found that second-generation antipsychotics were superior to placebo
(RR = 0.36, p < 0.00001), but haloperidol did not show superiority to placebo.
They concluded that second-generation antipsychotic medications were more
beneficial than placebo for preventing the incidence of delirium (Hirota and
Kishi 2013).

A systematic review examining 15 studies on pharmacological interventions to
treat or prevent delirium in intensive care units found that the use of antipsychotic
medications for surgical ICU patients as a preventive strategy may reduce the
prevalence of delirium in the ICU (Serafim et al. 2015). A systematic review
examining three of the larger delirium prevention trials (haloperidol [two studies]
and olanzapine [one study]) found that pooled analysis of the trials was inconclusive
regarding an effect of prophylactic antipsychotic treatment on the incidence of
delirium (Siddiqi et al. 2016). Finally, a systematic review and meta-analysis
examined seven studies which compared prophylactic antipsychotic administration
with placebo or no treatment for the prevention of delirium. The authors also found
that antipsychotic medications had no significant effect on delirium incidence
(OR = 0.56, 95% CI = 0.23—1.34, > = 93%). They concluded that the current
evidence did not support the use of antipsychotics for the prevention of delirium
(Neufeld et al. 2016).

Despite several early positive trials and meta-analyses demonstrating efficacy
for the prevention of delirium with prophylactic administration of antipsychotic
medications, the practice has not been widely established. In addition, more
recent systematic reviews and meta-analyses have presented contradictory evi-
dence regarding the effectiveness of this practice. Given concerns regarding the
use of antipsychotic medications in the elderly, there is a need for larger and
more rigorous studies examining the efficacy of this potential intervention.
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Nonpharmacological Prevention Studies: General Medical and
Intensive Care Unit Settings

Nonpharmacological management strategies for the prevention of delirium have
been explored in both general medical and intensive care unit settings. A number
of positive studies have emerged in the literature.

A controlled clinical trial was conducted to determine if a nonpharmacological
multicomponent intervention strategy could prevent the onset of delirium in elder
hospitalized patients. Patients aged 70 years or older (n = 852) who were admitted to
a general medicine service in a single teaching hospital were enrolled in the study.
The study was conducted on one intervention unit and two usual care units, and
patients were enrolled utilizing a prospective matching strategy. Standardized inter-
vention protocols targeted cognitive impairment, visual impairment, hearing impair-
ment, sleep deprivation, immobility, and dehydration. Delirium was measured daily
utilizing Confusion Assessment Method (CAM) criteria. The authors reported that
the incidence of delirium was significantly lower in the intervention group (9.9%)
compared to the usual care group (15%; p = 0.02). In addition, the intervention
significantly lowered the total number of days of delirium compared to usual care
(105 vs. 161 days; p = 0.02), respectively, and significantly lowered the total number
of episodes of delirium compared to usual care (62 vs. 90 episodes; p = 0.03),
respectively. The authors added that the intervention did not significantly affect the
severity of delirium nor the recurrence rates of delirium. They concluded that a
multicomponent, targeted intervention strategy could effectively prevent delirium in
older, hospitalized, medical patients (Inouye et al. 1999). This novel model of care
came to be described as the Hospital Elder Life Program (HELP) (Inouye et al. 2000).
The study has been successfully replicated in various care settings and has been shown
to be both sustainable and cost-effective (Rubin et al. 2011; Zaubler et al. 2013;
Strijbos et al. 2013).

Two randomized controlled trials have examined nonpharmacological interven-
tions on elderly patients receiving orthopedic surgery. A prospective, blinded,
randomized controlled trial was conducted to examine the effect of proactive
geriatrics consultation on delirium incidence in patients aged 65 years or older
receiving emergent surgical repair of hip fracture. The authors reported that the
intervention significantly reduced the incidence of delirium compared to the usual
care group (32% vs. 50%; p = 0.04), respectively (Marcantonio et al. 2001).
Similarly, a randomized, controlled intervention trial was conducted to examine
the effect of receiving postoperative care on a geriatric ward versus an orthopedic
ward on incidence of delirium in patients aged 70 years or older after femoral neck
fracture repair. The authors found that the intervention reduced the incidence of
delirium compared to the usual care group (54.9% vs. 75.3%; p = 0.003), respec-
tively (Lundstrom et al. 2007). These studies represented positive trials in hospital-
ized surgical patients.

The National Institute of Health and Clinical Excellence published a set of
guidelines aimed at the prevention of delirium in at risk elderly patients. Thirteen
guidelines were produced aimed at delirium prevention and included:
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1. Ensuring that persons at risk for delirium are cared for by clinicians who are
familiar with the person at risk.

2. Providing a tailored, multicomponent intervention package.

. Instituting that package by a specialized multidisciplinary team competent in
delirium prevention.

. Address cognitive impairment or disorientation.

. Address dehydration and constipation.

. Address hypoxia.

. Address infection.

. Address mobility.
9. Address pain.

10. Perform a medication review.

11. Address poor nutrition.

12. Address sensory impairment.

13. Address sleep hygiene.
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The authors emphasized that delirium is a neglected condition that too often goes
unrecognized and underdiagnosed. They argued that approximately one third of all
delirium episodes could be prevented and that delirium prevention would represent a
cost-effective strategy (O’Mahony et al. 2011).

Nonpharmacological intervention trials have also been conducted in the ICU
setting. A novel randomized controlled trial conducted in two university hospitals
examined the effects of daily interruption of sedation with occupational therapy on
functional outcomes. Patients aged 18 years or older in the ICU were randomly
assigned to receive early exercise and mobilization (physical and occupational
therapy) versus daily interruption of sedation with therapy as ordered by the primary
care team. The authors reported that the intervention group had shorter duration of
delirium compared to the control group (median 2.0 vs. 4.0 days; p = 0.02), respec-
tively. They added that the intervention also resulted in statistically better functional
outcomes at discharge and more ventilator-free days (Schweickert et al. 2009). A two-
stage prospective observational study was conducted to assess the impact of a
reorientation strategy in an ICU setting on occurrence of delirium. Older patients
admitted to a single medical-surgical ICU were included in the study. Phase 1 of the
study was observational and phase 2 consisted of the intervention in which patients
underwent both a reorientation strategy and environmental, acoustic, and visual
stimulation. The authors reported that delirium occurrence was significantly lower in
the intervention group compared to the observational group (22% vs. 35.5%;
p < 0.020), respectively (Colombo et al. 2012).

As part of the Society of Critical Care Medicine’s pain, agitation, and delirium
guidelines, nonpharmacological recommendations were proposed including the
following: (1) maintain a light enough level of sedation to allow the patient to
participate in care activities, and (2) promote early mobility to prevent physical
deterioration and lower the risk of delirium. They argued that while they recognize
that implementing practice guidelines can be challenging, the growing data demon-
strating significant morbidities in survivors of critical illness warrants taking on that
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challenge (Davidson et al. 2013). Despite evidence that nonpharmacological man-
agement strategies for delirium are efficacious in both general medical and intensive
care unit settings, these strategies have yet to be implemented on a broader level.

Delirium Sequelae: Cognition, Post-traumatic Stress Disorder,
and Depression

Recent advances in delirium research have come from a closer examination of the
post-delirious period. Researchers have closely examined the relationship between
delirium and the development of neurologic and psychiatric sequelac. A new
spotlight has also been placed on family members of patients with delirium and
the effect of delirium on the caregiver.

Several studies have examined the effect of delirium on cognition in the elderly.
A secondary analysis from a large prospective cohort, the Massachusetts Alzheimer’s
Disease Research Center’s patient registry, examined the impact of delirium on
cognitive functioning in patients with Alzheimer’s disease (AD) who developed
delirium versus those who did not. Cognitive performance was measured by change
in score on the Information-Memory-Concentration (IMC) subtest of the Blessed
Dementia Rating Scale. The authors found that among patients who developed
delirium, the average decline at baseline was 2.5 points per year, but after an episode
of delirium, there was further decline to an average of 4.9 points per year
(p = 0.001). This represented a significant acceleration in the slope of cognitive
decline following an episode of delirium in patients with AD, and the rate of change
in IMC score occurred about three times faster compared to patients who did not
develop delirium (Fong et al. 2009). Further prospectively collected longitudinal
data from the same cohort of hospitalized patients with AD found that 56% of the
patients developed delirium. The authors reported that in the year following hospi-
talization, patients who developed delirium experienced greater cognitive deteriora-
tion (3.1 IMC points/year, 95% CI: 2.1,4.1) compared to patients who did not
(1.4 IMC points/year, 95% CI: 0.2,2.6). They added that the ratio of these changes
suggested that cognitive deterioration proceeds at 2.2 times the rate in patients
who develop delirium compared to those who do not in the year after hospitalization.
In addition, the delirium group maintained a more rapid pace of cognitive deterio-
ration throughout the 5-year period following hospitalization (Gross et al. 2012).
A systematic review and meta-analysis examined critically ill patients in 42 studies
and found that nearly a third of patients admitted to an ICU develop delirium. In
addition, patients who developed delirium had significantly higher mortality during
admission, longer durations of mechanical ventilation, longer lengths of stay in the
ICU and in hospital, and cognitive impairment after discharge (Salluh et al. 2015).

The effect of critical illness and delirium on the development of post-traumatic
stress disorder (PTSD) and depression has also been examined. A prospective cohort
study was conducted in medical and coronary intensive care units in a university-
based medical center to identify risk factors associated with the development of
PTSD symptoms in patients following critical illness who required mechanical
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ventilation. Forty-three patients who were CAM-ICU positive were screened for
PTSD symptoms utilizing the Post-Traumatic Stress Syndrome 10-Questions Inven-
tory (PTSS-10) 6 months after discharge. At time of follow-up, 14% of patients had
high levels of PTSD symptoms. In addition, the authors found that PTSD symptoms
were more likely to occur in female patients and those receiving high doses of
lorazepam. Interestingly, they also reported that high levels of PTSD symptoms were
less likely to occur in older patients (Girard et al. 2007).

A systematic review was conducted of 15 eligible studies to further clarify data on
the prevalence of PTSD in general ICU survivors and identify risk factors for post-
ICU PTSD and the effect of this on health-related quality of life. The authors
reported that the median point prevalence of questionnaire-ascertained “clinically
significant” PTSD was 22% and the median point prevalence of clinician-diagnosed
PTSD was 19%. They also found that consistent predictors of post-ICU PTSD
included prior psychopathology, greater ICU benzodiazepine administration, and
post-ICU memories of in-ICU frightening and/or psychotic experiences. They also
found that female sex and younger age were less consistent predictors, and severity
of clinical illness was consistently not a predictor. They did find that post-ICU PTSD
was associated with a substantially lower health-related quality of life (Davydow et
al. 2008).

A prospective cohort study of elderly patients undergoing hip fracture surgery
investigated whether in-hospital delirium was associated with increased anxiety and
depressive levels, along with PTSD symptoms, 3 months after discharge. Fifty-three
patients were included in the study and 23 (43.4%) developed in-hospital delirium.
The authors reported that patients who experienced in-hospital delirium showed
more depressive symptoms at 3-month follow-up than patients who did not develop
delirium, but the level of anxiety and symptoms of PTSD did not differ between the
two groups (Slor et al. 2013). A prospective, multisite cohort study was conducted to
characterize depression, post-traumatic stress disorder, and functional disability in
medical/surgical ICU patients with respiratory failure or shock. Critical care survi-
vors were assessed at 3- and 12-month intervals after discharge. The authors reported
that at the 3- and 12-month follow-up intervals, 37% and 33% of patients reported at
least mild depression, respectively, driven primarily by somatic rather than cognitive
symptoms. In addition, at either the 3- or 12-month interval, only 7% of patients
presented with symptoms consistent with PTSD. The authors also found that dis-
abilities in basic activities of daily living (ADLs) and instrumental activities of daily
living (IADLs) were present at 3 months (32% and 26%) and at 12 months (27% and
23%), respectively. They concluded that depression is more common than PTSD
after critical illness and is driven by somatic symptoms indicative of physical
disabilities rather than by cognitive symptoms (Jackson et al. 2014).

A literature review examined ten prospective cohort studies to investigate the
relationship between depression and delirium. The authors reported that three studies
involving patients undergoing hip fracture repair demonstrated more severe depres-
sive symptoms both during delirium and after delirium ended. They reported that the
remainder of the studies did not produce any statistically significant correlations
between depression and delirium. They recommended closer monitoring of depressive
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symptoms in patients with delirium undergoing surgical repair of hip fractures and
called for further research to be performed exploring this relationship (Nelson et al.
2016). In addition, O’Sullivan et al. (2014) argued that in elderly populations, the
interrelationship between symptoms of delirium and depression might include more
complex interactions such as shared pathogenesis and pathophysiology. The authors
added that the fact that depression and delirium are both defined as syndromes may
account for some clinical overlap. They also called for further prospective studies to
explore the contributions of cognitive and affective symptoms pre and post the
delirious episode to clarify the features of depression versus delirium (O’Sullivan
et al. 2014).

Finally, the adverse effect on family members of hospitalized patients with
delirium has been studied. A literature review exploring the effect of delirium on
patients, relatives, and staff found that some patients recall delirium and that
recollections are generally distressing. In addition, distress may be greater in rela-
tives witnessing delirium and is also reported in professional staff. The distress may
also result in longer-term psychological sequelae (Partridge et al. 2013). An obser-
vational, cross-sectional analysis of caregivers of hospitalized patients with delirium
found that they were at elevated risk for experiencing severe acute traumatic and
depressive symptoms (Lloyd and Rosenthal 2015). Finally, a literature review
explored the experiences of caregivers of patients with delirium in palliative care
settings. The authors found that caregivers of patients with delirium experience high
levels of distress which is heightened in palliative care settings because of the
uncertainty around whether the caregiver-patient relationship can be re-established
before death. They called for future interventions aimed at reducing caregiver
distress (Finucane et al. 2016).

Conclusion

Research on delirium has expanded dramatically in recent years. However, many
questions still remain on the best preventive and treatment interventions as well as
the psychosocial consequences of an episode of delirium. As our elder population
continues to remain at high risk for the development of delirium, it is hoped that
further research will clarify these issues.
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Depression in Late Life: Etiology,
Presentation, and Management

C. Power, E. Greene, and B. A. Lawlor

Abstract

Depression in late life is common with a community prevalence of approximately
15%. The figures are higher among hospital inpatients (20-25%) and patients in
long-term care (10—40%). It is the most frequent cause of emotional suffering in
the elderly and can have a significant impact on a person’s physical health and
cognitive and social functioning. Suicide among older adults is more often
associated with depression than at any other age, and suicide attempts are more
likely to be fatal. Depression in late life may refer to either depression with first
onset in later life (late-onset depression) or depression that occurs for the first time
in younger years and recurs in later life (early-onset depression). The two
syndromes differ in terms of etiology, presentation, and natural history. Late-
onset depression can be considered to be a geriatric syndrome similar to frailty,
falls, or incontinence. Affective symptoms may be less to the fore with motiva-
tional-type symptoms and somatic complaints relatively more prominent. The
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physiological and psychological effects of poor physical health and the organic
changes of the aging brain are fundamental considerations in this age group.
Successful management of depression in late life, regardless of the subtype,
requires a flexible and thoughtful multidisciplinary approach. While pharmaco-
therapy undoubtedly plays a vital role in moderate to severe cases, it must be used
cautiously given the increased risk of adverse side effects in the elderly. Physical
health, social disconnection, and functional or occupational decline must also be
identified and targeted according to the individual needs and abilities of the
patient.

Keywords
Late life depression * Comorbidities * Dementia » Cognitive impairment ¢ Social
network ¢ Psychological factors * Antidepressant ¢ Prevention
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Introduction

When considering many of the factors associated with later life — personal loss,
physical ill health, and cognitive decline — the onset of a depressive syndrome could
seem to be almost an inevitability. However, with community prevalence rates of
between 8% and 16% for a clinically significant depression (Blazer 2003; Kirby et
al. 1997), it is clear that the majority of the older population are not depressed and
depression cannot, therefore, be seen as part of the normal aging process. Late life
depression is associated with poorer physical and cognitive health, impaired social
functioning, increased suicide risk, and higher overall mortality. It is hugely
distressing for patients and impacts widely on families and friends.
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One of the greatest challenges faced by clinicians when treating patients with late
life depression is unpicking the etiological and clinical heterogeneity of the condi-
tion. Increasingly, however, we are seeing that the successful management of late life
depression requires a multidisciplinary approach that takes advantage of this very
heterogeneity. The aim of this chapter is to explore our current understanding of the
etiology, presentation, and management of late life depression. By drawing from the
rapidly expanding knowledge base in this area, we hope to provide a framework for
how late life depression may be formulated and managed in order to improve
outcomes and enhance the quality of life of patients.

Definitions

“Depression” refers to a disorder of mood that causes persistent feelings of sadness
or loss of interest that impact negatively on a person’s quality of life and normal
occupational or social functioning. DSM-5 and ICD-10 have classified and defined
depressive episodes as summarized in Figs. 1 and 2. In milder forms of depression,
where the symptom count falls below the threshold required for a diagnosis of major
depression, the terms “minor depression,” “subsyndromal depression,” or “sub-
threshold depression” are used interchangeably.

“Depression in late life” refers to a major depressive episode that occurs in later
years. The debate as to when “later life” begins, however, is contentious with age
thresholds differing significantly between countries, cultures, and health services.
Traditionally, an age cutoff of 65 years is used to determine access to specialist
geriatric care. However, 65 is no longer considered to be “old” in many developed
countries where life expectancy now exceeds 80 years and the general health of the
population is better than ever before. Studies which address specific age-related
issues, such as physical frailty, increasingly draw from populations of the “old old,”
a term used more frequently now to describe those aged over 80 or 85 years of age.
By and large, however, “late life” is still taken, by convention, to refer to those aged
65 years and older and will be used in that way throughout this chapter unless stated
otherwise.

“Depression in late life” encompasses both depression with first onset in younger
years that recurs in later life and depression that occurs for the first time in later years.
Approximately half of the older depressed population experience their first depres-
sive episode in later life. This will be referred to as late-onset depression (LOD),
while depression of earlier life that recurs in later years will be referred to as early-
onset depression (EOD).

Etiology
Successful treatment of depression in late life requires an approach that carefully

considers all of the potential biological, psychological, and social factors which
contribute to the individual’s experience of depressive illness and a
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A. At least 5 of the following symptoms present during the same 2-week period,
representing a change from previous functioning. One of the symptoms must
be either depressed mood or loss of interest or pleasure

e Depressed mood most of the day, nearly every day

e Markedly diminished interest or pleasure in all, or almost all,
activities most of the day, nearly every day

e Significant weight loss when not dieting or weight gain or decrease
or increase in appetite nearly every day

e Insomnia or hypersomnia nearly every day

e Psychomotor agitation or retardation nearly every day

e Fatigue or loss of energy nearly every day

e Feelings of worthlessness or excessive or inappropriate guilt nearly
every day (which may be delusional)

e Diminished ability to think or concentrate, or indecisiveness, nearly
every day

e Recurrent thoughts of death (not just fear of dying), recurrent
suicidal ideation or a suicide attempt or specific plan for committing
suicide

B. There is significant distress or impairment in social, occupational or other
important areas of functioning due to these symptoms

C. The episode is not attributable to the effects of a substance or another
medical condition

D. The episode is not better explained by a schizophrenia spectrum or other
psychotic disorder

E. There has never been a manic or hypomanic episode

Fig. 1 DSM-5 diagnostic criteria for major depressive disorder (Adapted from the Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition: DSM-5)

multidimensional treatment plan that targets them. Figure 3 illustrates the interplay
of these multiple factors in the etiology of depression in late life.

Biological Factors

The pathophysiology of depression in late life can be conceptualized, in part, as a
series of dysfunctional physiological processes that lead to disruption of the neural
networks responsible for mood. Of the multiple neural networks implicated in the
experience, regulation, and expression of mood, cortical and limbic structures appear
to be of most significance. The prefrontal cortex, cingulate cortex, amygdala,
hippocampus, and hypothalamus are each densely interconnected, and disruption
at any level can cause a range of emotional, behavioral, and cognitive disturbances
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Symptoms Group A Symptoms Group B

Depressed Mood Reduced concentration & attention

Loss of interest & enjoyment Reduced self-esteem and self-confidence
Reduced energy and activity Ideas of guilt and unworthiness

Disturbed sleep
Diminished appetite
F32.0 Mild Depressive Episode

At least 2 symptoms from Group A and 2 from Group B present to a mild degree for a minimum
duration of 2 weeks

F32.1 Moderate Depressive Episode

At least 2 symptoms from Group A and at least 3 from Group B present to a marked degree for a
minimum duration of 2 weeks

F32.2 Severe Depressive Episode without Psychotic Symptoms

All 3 symptoms from Group A and at least 4 from Group B should be present, some with severe
intensity. Symptoms should be present for at least 2 weeks but an earlier diagnosis may be
justified if symptoms are particularly severe or of very rapid onset

F32.3 Severe Depressive Episode with Psychotic Symptoms

A severe depressive episode which meets the criteria for F32.2 and in which delusions,
hallucinations or depressive stupor are present

Fig. 2 ICD-10 criteria for depression (Adapted from the International Statistical Classification of
Diseases and Related Health Problems 10th Revision)

that produce the clinical depression phenotype. Figure 4 depicts how the biological
factors discussed below may interact as potential insults to the fragile neural
networks of the aging brain.

Medical lliness
Medical ill health and late life depression are intimately related. Poor physical health
is implicated in both the onset and persistence of depression and presages a poorer
outcome, while depression adversely affects medical outcomes. It is uncertain
whether this relationship is propelled by the illness entity or by the symptom
experience though the likelihood is that a combination of both psychological and
physiological factors is at play.

A wide array of illnesses has long been known to be associated with depression
(Table 1), and many are screened for routinely as part of the initial work-up process.
Disorders which are common in elderly populations such as chronic obstructive
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Medical illness

Loneliness - Frailty
Isolation - Sensory impairment Disability
- Cardiovascular disease
- Pain

Poor Social Networks
- Inadequate support
- Reduced social contacts
- Poor spousal relationships

Executive Dysfunction
- Reduced problem-solving
- Reduced attention
- Reduced abstraction

Altered Reduced
identity/role inhibition of

negative

material

Stressful Life Events .
Vulnerable Personality

- Bereavement " ) :
- Eesmemie sl - Cognitive distortions
- Carer role - Unhelpful thinking patterns

- Pre-morbid anxious traits

Reduced
coping
abilities

Fig. 3 Biopsychosocial model of depression in late life

pulmonary disease (COPD), osteoporosis, arthritis, type 2 diabetes, chronic pain,
and obstructive sleep apnea (OSA) are frequently comorbid with depression. The
link between Parkinson’s disease and depression is particularly notable with a 2008
systematic review finding major depression among 19% of Parkinson’s patients and
clinically significant depressive symptoms in another 35% (Reinjders et al. 2008).
Depression and stroke are highly comorbid also with pooled data from a systematic
review showing a prevalence of 21.7% for major depression in stroke patients
(Robinson and Spalletta 2010), while depression was seen to increase stroke risk
among a large sample of 85-year-olds in Sweden when followed for 3 years
(Liebetrau et al. 2008).

The relationship between cardiovascular disease (CVD) and late life depression
has been extensively explored and can serve as a paradigm for the bidirectional
association between poor physical and mental health. Large, multicenter studies
have conclusively shown that CVD increases the risk of depression over time, while
those who are depressed are at higher risk of suffering cardiovascular events. Even
after correction for other cardiovascular risk factors, major depression has been
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Pro-Inflammatory HPA Poor
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Environment Dysfunction Lifestyle eurodegeneration

Cognitive
Impairment
Medical ill Health Genetics

Vascular Disease

Depression in Late Life

Fig. 4 The interplay of biological factors in the etiology of depression in late life

Table 1 Medical conditions associated with depression

Medical conditions

Endocrine/metabolic Hypo-/hyperthyroidism
Type 2 diabetes
Pernicious anemia

Hypercalcemia

Cushing’s disease

Addison’s disease

Malignancy Pancreas
Lung
Breast

Bowel

Infections Hepatitis
HIV
Mononucleosis

Brucellosis

Hematological disease Anemia

Lymphoma

Leukemia

Organic brain disease Cerebrovascular disease/stroke
Parkinson’s disease

Alzheimer’s and vascular dementia
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shown to confer an 80% increased risk of CVD on older adults, and outcomes for
each disease are worse when comorbid (Choi et al. 2014; Gallagher et al. 2012). A
meta-analysis of over 10,000 postinfarction patients (mean age 61 years) which
adjusted for cardiac disease severity showed that depression was associated with a
22% increased risk of all-cause mortality (including cardiac mortality) and 13%
increased risk for cardiovascular events (Meijer et al. 2013).

Anunderlying genetic vulnerability common to both conditions would be plausible
to explain the degree of reciprocity between depression and cardiovascular disease.
Physiological factors such as increased platelet reactivity, reduced heart rate variabil-
ity, dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, elevated inflam-
matory markers, and activated cytokine and chemokine cascades are common to both,
implicating a pro-inflammatory physiological environment as common to their etiol-
ogy. Psychological stress and poor lifestyle habits contribute to hypertension, vascular
damage, and a weakened immune system, and depression is associated with poor
maintenance of cardiovascular risk factors at a population level (Choi et al. 2014).

The physiological mechanisms underlying the relationship between depression
and medical illness are, therefore, manifold. It is essential, however, to be cognizant,
also, of the psychological and social effects that physical illness and disability can
have on mental health, particularly in the elderly. These factors will be discussed in
further depth at a later point but should be borne in mind when considering the
research literature on late life depression and medical illness. The highest rates of
depressive symptoms in older people are to be found among those receiving high-
level home support, hospital, or institutional care. This could be interpreted purely as
a function of the medical burden seen invariably in this cohort of patients. However,
it is important to be aware of the wider meaning and impact of the particular illness
on the individual patient and to appropriately contextualize the contribution of
biology when considering the etiology of depression.

Vascular Risk

The strong association between vascular risk factors, white matter lesions (WMLs),
and depression led to the development of the vascular depression hypothesis which
proposes that cerebrovascular disease can predispose, precipitate, or perpetuate a
distinct clinical phenotype of depression in late life (Alexopoulos et al. 1997). It is
thought that damage to the vasculature supplying cortico-striato-pallido-thalamic
pathways disrupts the neural circuitry responsible for the regulation of mood.
Fronto-striatal dysfunction may impair executive cognitive processes also, and the
common co-occurrence of depressive symptoms and executive dysfunction in older
adults, particularly those experiencing depression for the first time in later life, gave
rise to the so-called depression-executive dysfunction syndrome. Neuroimaging
findings bolster these propositions by demonstrating that white matter change is
associated with incident depression in later life, higher scores on depression scales,
and lower remission rates with treatment (Firbank et al. 2012; Gunning-Dixon et al.
2010). Opinions diverge on whether WML location or volume is of greater clinical
import in the pathogenesis of these syndromes.
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The vascular depression hypothesis implies a unidirectional relationship between
vascular risk factors and depression, but this is likely an overly simplistic view. For
example, WMLs are seen in an array of nonvascular conditions such as multiple
sclerosis and hydrocephalus. In addition, not everyone with significant white matter
disease burden is depressed. There must, therefore, be other factors mediating the
relationship between cerebrovascular disease and depression.

The threshold hypothesis provides a useful model to conceptualize this. It pro-
poses that after crossing an initial vulnerability threshold, vascular or other pro-
cesses, e.g., inflammatory or endocrine, may serve as one of the multitude of factors
that increase susceptibility to depression through disruption of affective and cogni-
tive neural circuits (Taylor et al. 2013).

Cognitive Impairment

The dementia prodrome hypothesis is based on the findings of longitudinal studies
that demonstrate an increased risk of progression to cognitive impairment among
those with late-onset depression (Baldwin et al. 2006). It is thought in these cases
that the emergence of depressive symptoms may be the first manifestation of the
neurodegenerative processes responsible for the later effects on cognition. Consis-
tent with this is the finding that depression in earlier or midlife does not seem to
confer the same level of risk, though it is additive for a person who suffers both early
and late life episodes (Barnes et al. 2012). Progression to both Alzheimer’s dementia
and vascular dementia is increased when compared to the nondepressed population,
and the severity of depressive symptoms is linked to a greater risk of cognitive
decline. Emerging data suggests that the risk of later dementia may be predicted by
the particular course that depressive symptoms take over time. A recent study that
followed over 3,000 depressed but dementia-free patients aged over 55 for 11 years
monitored the trajectories of depressive symptoms and assessed for incident
Alzheimer’s dementia. Those whose depressive symptoms followed a course of
persistently increasing severity over time had a significantly higher risk of trans-
itioning to dementia compared with those whose symptoms followed a trajectory of
lower severity as measured on the Center for Epidemiologic Studies Depression
Scale (CES-D) (Mirza et al. 2016).

Given the link between depression and Alzheimer’s disease, amyloid plaque
deposition is coming under increasing scrutiny as potentially contributory to the
etiology of certain types of depression. A postmortem examination of the brains of
patients with cognitive impairment and major depression showed that Alzheimer’s
pathology predominated (Sweet et al. 2004). Another study using amyloid PET
imaging to investigate amyloid deposition in patients with remitted major depression
showed that half of the patients who met the criteria for MCI had amyloid patterns in
the range of Alzheimer’s patients (Butters et al. 2008). These are small studies,
however, which are still a long way from establishing a causal link.

Cerebrovascular, neuroendocrine, and inflammatory processes are also impli-
cated in the link between depression in late life and later dementia. For example,
the hippocampus, which is integral to both mood regulation and memory
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functioning, has been identified as an area which is particularly vulnerable to the
effects of elevated circulating glucocorticoids and ischemia.

These factors — poor vascular health, amyloid deposition, and a chronic pro-inflam-
matory environment — are not mutually exclusive, and a threshold model can be useful
in this context, also, to conceptualize the accumulation of various neuropathological
insults which may account for the link between late life depression and dementia.

Genetics

A family history of depression is significantly less likely in late-onset depression
than in depression of earlier onset (Gallagher et al. 2010). Studies are inconsistent as
to the contribution of genetics to the overall variance of depression, but the interplay
of genes with the environmen