
Hormonal Markers

Adrenal Function

The adrenal hormones cortisol and DHEA (dehydroepiandrosterone) modulate the body’s stress response and help regulate glucose and fat metabolism. Chronic imbalances of these hormones can help propel the vicious cycle that triggers and perpetuates hyperglycemia, abdominal obesity, eating disorders, hypertension, accelerated aging, and cardiovascular disease. Salivary assessment of cortisol and DHEA measures the unbound, bioavailable (active) portion of these adrenal hormones that can directly affect tissues and organs throughout the body. 

Cortisol

Cortisol is a glucocorticoid released in response to physical, metabolic, or psychological stress. The primary physiological action of cortisol is to raise blood sugar levels. Cortisol accomplishes this by stimulating gluconeogenesis in hepatic and skeletal muscle tissues, while inhibiting the skeletal muscle cells from taking up glucose. Cortisol also stimulates hormone-sensitive lipase causing an increase in serum triglyceride levels. Thus cortisol is fundamentally a catabolic hormone.

Cortisol helps raise blood sugar levels when they fall in healthy individuals. Thus, adequate levels of cortisol are important for energy and healthy stress response, but chronically high levels may stimulate glucose intolerance, insulin resistance, abdominal fat deposits (i.e., apple-shaped obesity) and lipid abnormalities—the constellation of imbalances associated with the Metabolic Syndrome and increased cardiovascular disease risk.12,45 In middle aged men, repeated cortisol oversecretion in response to everyday stress has been strongly correlated to negative anthropomorphic, endocrine, and hemodynamic complications.45,46 Women with polycystic ovary syndrome, a hormone disorder often characterized by hyperinsulinemia and abdominal obesity, are also prone to cortisol oversecretion, which further fuels the cycle of this condition.47
Chronic hypercortisolemia, which can amplify tissue sensitivity to cortisol, has been cited as a primary feature of a genetic predisposition for hypertension, rather than simply a secondary effect.45 In this scenario, high cortisol serves as the crucial physiological mechanistic link between hypertension, obesity, insulin resistance, and atherosclerosis.45,48,49 Lowering elevated cortisol levels, therefore, offers “a novel therapeutic target to enhance insulin sensitivity.”12 In more advanced stages of dysglycemia, obesity, and adrenal exhaustion, however, cortisol response may become blunted as adrenal glands become “worn out” from chronic oversecretion.50 In these situations, adequate blood sugar levels are not maintained and adrenaline is utilized as the “back-up” hormone, creating a debilitating cycle of exhaustion and anxiety.

DHEA

A precursor for testosterone and estrogen synthesis, DHEA is an androgen with its own important physiological and metabolic properties. DHEA stimulates increased lean muscle mass and reduced visceral fat and also appears to play an important role in glucose and lipid regulation. Experimental studies show that DHEA administration increases insulin sensitivity.51-54 In fact, the biologic effect of DHEA on glucose-metabolizing enzymes in the body has been likened to that of troglitazone, a drug commonly used to improve insulin action in patients with type-2 diabetes.55 DHEA may also guard against atherosclerosis by reducing lipid lev-els, regulating immune function, preventing platelet aggregation, and blocking smooth muscle cell proliferation.56
In a large, case-controlled cohort of middle- aged and elderly diabetic men, lower endogenous levels of androgens, including DHEA, were independently associated with diabetic dyslipidemia.57 Studies show that, in general, as levels of DHEA and its sulfated form, DHEA-S, decrease in men, the risk of cardiovascular disease rises.

In women, however, the effects of DHEA on glycemic control, fat metabolism, and cardiac function may be more age- and condition- specific. While decreased DHEA in conjunction with hyperinsulinemia has been linked to coronary atherosclerosis in pre-menopausal women,56 in postmenopausal women, particularly those with low estrogen concentrations, increased DHEA may reduce HDL cholesterol, increase abdominal obesity, and raise the risk of cardiovascular disease.59-61 Unhealthy elevations of DHEA may also contribute to androgen excess associated with hirsutism, abdominal obesity, and cystogenesis in polycystic ovary syndrome, and interfere with the cellular action of insulin.62-65 In women with PCOS, hyperinsulinemia may actually raise serum androgen levels.66 Such a varied response in women underscores the importance of testing to establish optimal though not excessive levels of this hormone for each individual. 

IGF-1 

Produced in the liver in response to growth hormone stimulus, IGF-1 (insulin-like- growth-factor-1) plays an important role in regulating metabolism. IGF-1 promotes healthy glycemic and lipid control, helping to lower insulin levels, increase insulin sensitivity, and reduce “bad” cholesterol levels. It also works in the body to increase lean muscle mass, reduce fat mass, and improve cardiovascular function.67
IGF-1 can elevate intracellular magnesium levels, which are commonly deficient in insulin-resistant states (in both normotensive and hypertensive patients).68 Experimental research indicates that IGF-1 cuts the rate of diabetes by nearly 50% in laboratory rodents with a genetic predisposition to the disease, possibly by protecting pancreatic beta-cells from autoimmune destruction.69 

Chronic deficiencies of IGF-1 have been linked to atherosclerosis, aging, and obesity. Low IGF-1 levels may also be an impotant underlying factor in the development of diabetic neuropathy. IGF-1 appears to help prevent neuronal death and to promote regeneration of impaired sensory nerves.73,74 A sudden up-regulation of IGF-1 in response to an acute reduction of chronically high glucose levels, however, may accelerate early diabetic retinopathy in type I diabetic patients with severe insulin deficiency.75
The ability to reverse insulin resistance and restore optimal glucose control ultimately depends on modifying dietary and lifestyle factors. The mainstay of treatment for insulin resistance and dysglycemia is caloric restriction, weight reduction, and regular exercise. No therapeutic program is likely to offer any significant help without these modifications. 

Overeating is the dietary factor that probably contributes most to transient hyperglycemia and the compensatory hyperinsulinemia. Excess calorie consumption forces the body to secrete more insulin to process excess calories, storing them as fat. Thus the recent trend to over consume “no-fat” and “low-fat” foods that are often high in calories (from sugar) can, ironically, actually further propel metabolic obesity and Syndrome X. 

In general, dietary goals should include reduced total calories, reduced consumption of all carbohydrates, but especially of sugars, sweets, fruit juices, and white flour. Increase the consumption of whole vegetables and fruits, and consume carbohydrates high in fiber like beans and whole grains. There is mounting evidence that higher protein diets may help to control blood sugar. And some fat should be included with every meal to slow gastric emptying, thereby blunting the rate at which glucose is absorbed into the system.

Colorful fruits and vegetables contain potent antioxidants that prevent the oxida-tive damage believed to contribute to aging and degenerative disease processes. Supplemental nutrients and phytonutrients like vitamin E, flavonoids, alphalipoic acid, L-arginine, magnesium, chromium, vanadium, and D-chiro- inositol may also help support insulin response and sensitivity, aid glucose regulation, reduce oxidative stress, and boost vascular and cell membrane function.76-84 B6 is critical for glycogenolysis and gluconeogenesis and is therefore very important in maintaining balanced glucose levels and preventing hypoglycemia.

Stress reduction is the cornerstone to maintaining optimal levels of cortisol and DHEA, and can contribute enormously to the effectiveness of a comprehensive treatment program.

Besides promoting weight reduction and boosting anabolic hormone levels, regular exercise increases insulin sensitivity and insulin clearance by stimulating the activation of GLUT-4, the primary intra-cellular insulin transport protein. It is GLUT-4 that actually carries glucose into cells when stimulated by insulin. Deficits in GLUT-4 pro-duction or mobilization in the cellular membranes can result in insulin resistance. Conjugated linoleic ac id (CLA) has been shown to improve GLUT-4 metabolism.

 Type 2 Diabetes & Syndrome X 
Adult-onset (type 2) diabetes develops when glucose homeostatic regulation breaks down. In this scenario, insulin deficiency is often not the problem, as evidence suggests that insulin therapy in these individuals may possibly raise the risk of cardiovascular disease, despite providing a greater degree of glycemic control.9 

Most type-2 diabetics produce enough insulin but have developed resistance to normal insulin action in target tissues. Insulin resistance causes serum hyperglycemia and intra-cellular hypoglycemia (since serum glucose cannot get into cells) and the cells perceive this as a state of starvation. In response, the body releases glucagon, cortisol, and catecholamines which further raise blood sugar levels. More insulin is pumped out in response, and over time, the resulting hyperinsulinemia can negatively stimulate triglyceride and cholesterol excess, hypertension, inflammatory cytokine release, and endocrine dysfunction.10,11 This cluster of metabolic imbalances, sometimes denoted “Syndrome X” or the “Metabolic Syndrome,” is an increasingly pervasive health problem associated with the development of cardiovascular disease and other degenerative disorders, including certain cancers.9,12,13
Early adulthood is a critical period of metabolic development, a time when increased abdominal fat may trigger hepatic insulin resistance and glucose intolerance, potentially setting diabetes into motion.14 It can also happen in reverse. Recent evidence suggests that insulin dysfunction may not just accompany, but actually precede and trigger key physiological mechanisms of intra-abdominal obesity.15
Each patient may benefit from an individualized program that, as much as possible, takes into account personal food and activity preferences. Please refer to the Metabolic Dysglycemia Interpretative Guidelines for suggestions based on specific test results. 

CONCLUSION

Insulin resistance appears to be the underlying metabolic mechanism that contributes substantially to the development of dyslipidemia, obesity, hypertension and adult-onset diabetes. The resulting metabolic dysglycemia is a primary contributor to overall morbidity and mortality in industrialized nations. While genetic factors no doubt play a role, the pri-mary cause of insulin resistance remains the standard American diet of excess calories combined with inadequate nutrition. Obesity, dia-betes and heart disease are at epidemic levels, yet are still increasing steadily and manifesting in individuals at younger and younger ages. Early testing is the key to identifying the metabolic and hormonal abnormalities underlying insulin resistance. And early, individualized treatment based on that testing is the key to preventing the debilitating complications associated with the insulin resistance, including accelerated aging, obesity, diabetes, cardio-vascular disease, blindness, renal disease, dementia, and neurological disorders.

CVD:

A study in the New England Journal of Medicine reported that the magnitude of the insulin response in healthy persons with normal glucose tolerance is independently associated with coronary artery disease.27 Higher insulin levels and insulin resistance have been linked to lipoprotein abnormalities, higher body mass index (obesity), hypertension, and the thickening of carotid arteries characteristic of early atherosclerosis

PCOS:

Polycystic ovary syndrome (PCOS) is the most common hormonal disorder in females, striking about one out of every twelve premenopausal women. As many as 75% of women with PCOS are insulin resistant and hyperinsulinemic, and the degree of insulin excess has been shown to correlate positively with cardiovascular risk in these women, independent of obesity.33 

Insulin also acts to stimulate somatic cell mitosis, the process of cellular reproduction which, at uncontrolled levels, has been linked to tumor development and growth. Somatic cells do not appear to ever become resistant to the mitotic effects of insulin. This may explain the strong association between chronic, excess insulin levels and cancers of the breast and colorectum.13,23,34,35 

Cortisol is a steroid hormone made in the adrenal glands, which are small glands adjacent to the kidneys. Among its important functions in the body include roles in the regulation of blood pressure and cardiovascular function as well as regulation of the body's use of proteins, carbohydrates, and fats. Cortisol secretion increases in response to any stress in the body, whether physical (such as illness, trauma, surgery, or temperature extremes) or psychological. When cortisol is secreted, it causes a breakdown of muscle protein, leading to release of amino acids (the "building blocks" of protein) into the bloodstream. These amino acids are then used by the liver to synthesize glucose for energy, in a process called gluconeogenesis. This process raises the blood sugar level so the brain will have more glucose for energy. At the same time the other tissues of the body decrease their use of glucose as fuel. Cortisol also leads to the release of so-called fatty acids, an energy source from fat cells, for use by the muscles. Taken together, these energy-directing processes prepare the individual to deal with stressors and insure that the brain receives adequate energy sources. 
	Cortisol: The "Stress Hormone" 

	

	This critical hormone is released in response to stress


The body possesses an elaborate feedback system for controlling cortisol secretion and regulating the amount of cortisol in the bloodstream. The pituitary gland, a small gland at the base of the brain, makes and secretes a hormone known as adrenocorticotrophin, or ACTH. Secretion of ACTH signals the adrenal glands to increase cortisol production and secretion. The pituitary, in turn, receives signals from the hypothalamus of the brain in the form of the hormone CRH, or corticotropin-releasing hormone, which signals the pituitary to release ACTH. Almost immediately after a stressful event, the levels of the regulatory hormones ACTH and CRH increase, causing an immediate rise in cortisol levels. When cortisol is present in adequate (or excess) amounts, a negative feedback system operates on the pituitary gland and hypothalamus which alerts these areas to reduce the output of ACTH and CRH, respectively, in order to reduce cortisol secretion when adequate levels are present. 
Cortisol


Cortisol production has a circadian rhythm - peak levels in the morning and low levels in the evening. Cortisol can have a powerful effect during times of stress. Your body needs proper cortisol balance to help you meet the daily challenges of life. 

In both sexes, proper cortisol function - rise and fall - is important. It is responsible for mineral control, sugar balance and how your body responds to stress. If the adrenal glands are not working properly (where most cortisol is produced) cortisol production will be affected. A lack of cortisol can lead to fatigue, allergies and arthritis. 

Conversely, too much cortisol can have a catabolic (break dwon) effect on the body. Cortisol excess has been associated with bone breakdown. If your body produces too much cortisol over a long period of time, it can trigger emotional problems making you constantly tired and weak. Chronic cortisol imbalances can lead to weight gain, muscle and joint pain, insommnia and premature aging. 

Cortisol is important to many bodily funcitons, but when there is a progesterone deficiency, cortisol can be stripped of much of its natural power. In other words, having abundant levels of progesterone is key to recieving the many benefits normal cortisol levels can offer. 
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