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FOCUS: OBESITY AND METABOLIC SYNDROME 

Failures of Feedback: 
Rush Hour Along the Highway to Obesity 
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LEARNING OBJECTIVES 
After reading the following article, the reader should be 
able to: 
 1. Define obesity, in terms of body mass index or 

BMI. 
 2. Describe the hormones and functions of the HPA 

system and non-HPA hormones. 
 3. List and describe the three primary ways that the 

hypothalamus helps regulate body weight. 
 4. Describe the molecular types and tissue of origin for 

leptin, insulin and cortisol. 
 5. List and describe four “entrance ramps” to the 

“highway to obesity.” 
 6. Describe how leptin and insulin resistance are 

related to the development of obesity. 
 7. Describe “lipid buffering” and how it relates to 

ectopic fat deposition. 
 8. Describe how the dopamine “pleasure/reward sys-

tem” is involved with such diverse behaviors as drug 
and alcohol abuse and overeating. 

 9. Discuss the impact of inheritance on an individual’s 
tendency to become obese. 

10. Identify analytes that are typically elevated by the 
metabolism of obesity versus analytes that are 
decreased or unchanged. 
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Abstract 
From hot dogs to Hashimoto’s and inheritance to 
inactivity, many “entrance ramps” converge onto the 
“Highway to Obesity”, each contributing caloric intake 
that exceeds expenditure. Initially, the hypothalamus 
regulates appetite and energy based on leptin feedback, 
until feedback failure increases appetite, and allows 
deposition of abdominal fat, metabolic dysregulation, 
and metabolic syndrome. Without feedback controls, 
progress toward obesity is unimpeded unless diet, 
exercise, and/or medications provide an exit ramp. 
 
Introduction 
The worldwide obesity epidemic extends well beyond 
the borders of the United States or North America. 
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Two-thirds of US adults are overweight and 67 million 
(32%) are obese.1,2 The percentages of obese adults in 
the United States increased substantially from 1994 to 
2007 as shown in Figure 1.2 Over half of Germans are 
overweight.3 Although the percentage of obese adults is 
lower in China and India, each country has twice as 
many obese people as the United States.3 The obesity 
epidemic includes less developed countries, such as 
Mexico, where 70% are overweight, and Egypt, where 
60% are overweight.3 
 

 
 
Figure 1: Changes in Percentage of Adult Obesity 
The 1994 map shows that most states had adult obesity percentages 
below 15% and no states had percentages over 20%. By 2001, all 
states except Colorado had obesity percentages over 15%, and 28 
states had more than 20%. In 2007, only Colorado had less than 
20% obesity and three states had increased to more than 30% adult 
obesity. Modified with permission from CDC website on Obesity. 
(http://www.cdc.gov/nccdphp/dnpa/Obesity accessed 11/10/2008) 
 
Obesity results from a positive energy balance (PEB) 
and is associated with type 2 diabetes mellitus (DM2); 
colon, endometrial, and breast cancer; renal, gall 
bladder, and liver diseases; polycystic ovarian syndrome, 
coagulation disorders, sleep apnea, stroke, osteoarthritis, 
gynecological problems, ocular diseases, and develop-
ment of atherosclerosis and cardiovascular disease 
(CVD).4-11 
 
Body mass index (BMI), mass (kg)/height2 (m) is 
commonly used to classify status: BMIs greater than 25 
indicate overweight, over 30 is obese, and over 40 is 
considered extremely obese.4,5,7,12 People with large lean 

muscle mass and minimal body fat could mistakenly 
qualify as obese. For example, Arnold Schwarzenegger 
in his Mr. Universe prime, had a BMI over 30. 
 
Molecular physiology has significantly increased our 
understanding of the development of obesity, yet it 
offers an incomplete picture. We must also consider 
that many dietary choices represent conscious decisions 
to ignore internal signals of satiety, often in futile 
attempts to quiet noise from a stressed-out society.6,13,14 
Patients who are stressed and/or depressed may overeat 
because they find control and comfort in food. Children 
learn bad eating habits, while others overeat simply 
because they enjoy food. Advertising promotes 
economical “supersized” portions that offer large 
quantities of cheap calories and prolong the enjoyment 
of eating, but require us to ignore molecular signals of 
satiety. Overeating often represents addictive behavior, 
involving the dopamine pleasure-reward system similar 
to the basis of drug and alcohol addictions.13,14 Figure 2 
illustrates many of the “entrance ramps” for the 
“Highway to Obesity.” 
 

 
 
Figure 2: Multiple Entrance Ramps Along the Highway to Obesity 
Many roads enter the obesity highway, each one delivering excessive 
calories or decreased caloric requirements, or both. The common 
characteristic is a chronic positive energy balance (PEB) that 
overwhelms metabolic and hormonal controls and eventually 
demands ectopic fat deposition. Development of leptin and insulin 
resistances leads inevitably to obesity if diet, exercise, and/or drugs 
cannot provide an exit ramp. 
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Genetics accounts for approximately half of the 
observed weight or BMI variation within a population, 
but the genetic contribution is polygenic and individual 
“obesity genes” typically make small contributions 
toward a person’s BMI.15,16 To date, most poly-
morphisms alter feedback mechanisms, and cause 
ineffective control of appetite and metabolism.15,16 
Regardless of the underlying cause, a consistent PEB 
precedes obesity and destroys delicate feedback systems. 
Simplistically, the body ignores signals intended to 
suppress overeating, and excess calories are deposited as 
abdominal fat, resulting in lipotoxicity, inflammation, 
CVD, and other diseases.4,5,7 This review concentrates 
on hormonal and metabolic changes resulting in 
chronic overindulgence and obesity. The accompanying 
article focuses on metabolic syndrome and the toxic and 
destructive consequences of obesity.17 Examples of 
clinical case data, including lipid profiles, glucose, and 
hormone levels will be presented in a future article. 
 
Methods 
A comprehensive list and description of methods used 
to investigate the complex molecular interactions 
leading to obesity is beyond the scope of this article. 
Molecular Diagnostics, by Buckingham and Flaws, 
offers an excellent “primer” of molecular techniques 18 
and Tietz Fundamentals of Clinical Chemistry, edited 
by Burris and Ashford, provides an excellent 
background of clinical methodology.11 
 
Expanding Our Search for Molecular Explanations 
Adipocytes: Factories, Not Just Warehouses 
Traditional endocrinology described the roles of insulin, 
glucagon, cortisol, epinephrine, thyroxin, and the 
hypothalamus-pituitary axis (HPA) in metabolism, but 
failed to adequately explain the development of 
obesity.12 The hypothalamus, through the HPA directs 
three major functions associated with body weight and 
obesity:4,5,12,19,20 
 
 1. Control of metabolism (anabolic, catabolic, and 

thermogenesis).  
 2. Sensations of hunger or satiety and food preferences 

(such as comfort foods). 

 3. Control of physical activity (for energy use or 
conservation). 

 
But what signals elicit the appropriate responses by the 
hypothalamus, allowing it to maintain normal meta-
bolism and avoid weight gain? Complex input from 
sensory and neuronal circuits are balanced with hor-
monal feedback to provide a remarkably effective 
homeostasis mechanism. When signals are ignored, as 
occurs with insulin resistance in DM2, homeostasis is 
destroyed.10,12,19,20 Questions concerning weight gain, 
appetite, and the frustrations of dieting remained 
unanswerable without additional factors. The unex-
pected source of these factors was adipocytes, previously 
visualized as primarily fat warehouses. Adipocytes are 
now considered major endocrine tissues, secreting 
products derived from 30% of their expressed genes, 
including the hormone leptin and several “adipokines” 
that contribute to the new “endocrinology of obesity”.4-

11,19-22 Leptin reports energy status, or “adiposity” to the 
hypothalamus, which then controls metabolism, 
appetite, and activity. 
 
The hypothalamus mechanisms that control 
metabolism and appetite are incredibly complex and are 
beyond the scope of this article. However, some 
mention of the unique neurotransmitters is helpful. For 
example neuropeptide Y (NPY) and melanocortins have 
potent effects on appetite.4,5 NPY stimulates appetite 
and appears to be inhibited by leptin. Melanocortins 
(MCH) inhibit appetite and are stimulated by leptin.4,5 
Animal models with defective MCH-4 receptors lack 
appetite control and become obese. 
 
So, Why Do We Overeat? 
Why do so many people overeat when they know it is 
unhealthy? Any comprehensive model of overeating 
should consider several levels of influence. One level of 
appetite control involves a complex balance between the 
hormonal and metabolic signals. This level is the focus 
of most cellular and molecular research (and most of 
this article). Level two is a sub-conscious neuronal 
“pleasure-reward system”, based (simplistically) on the 
neurotransmitter dopamine, which influences and 
overlaps with these hormonal interactions. This system 

 on June 17 2025 
http://hw

m
aint.clsjournal.ascls.org/

D
ow

nloaded from
 

http://hwmaint.clsjournal.ascls.org/


 
 

FOCUS: OBESITY AND METABOLIC SYNDROME 
 
 
 

 
42 VOL 23, NO 1 WINTER 2010   CLINICAL LABORATORY SCIENCE  

originally rewarded behaviors that led to physical safety 
and wellbeing, such as successfully avoiding a saber-
toothed tiger, building a warm fire, or gathering tasty 
berries. Unfortunately many negative activities such as 
drug or alcohol abuse and overeating can subvert the 
dopamine reward system.14,19 In effect, negative 
behaviors are rewarded with the same dopamine 
elevations (by snorting cocaine, or consuming baskets of 
chips and salsa) that would ideally be reserved for 
behaviors that did more to secure safety and wellbeing.14 
Another level of decision-making includes subconscious 
habits, such as “compulsively cleaning up one’s plate”, 
even though full, or anticipating a feast every time you 
return home for the holidays. Finally our conscious 
choices may override all other levels. Sometimes we 
simply choose to eat for enjoyment or companionship, 
without regard for subconscious or molecular input. 
Whatever the motivation, consistent overindulgence in 
pleasurable foods quickly results in leptin resistance and 
diminished appetite control. Once hormonal restrict-
tions are removed, the neuronal systems may 
continually reward overeating behaviors. 
 
Leptin and the “Obesity Gene” 
In 1973, Coleman demonstrated that mice with the 
ob/ob genotype become obese, with 5-fold more body 
fat than normal mice on identical diets.4,5,7–10,20–22 In 
1994, Jeffrey Friedman described leptin, a 16 kd 
peptide hormone product of the “obesity gene” (ob), 
which is secreted from fat cells.4,5,20–22 Animals with the 
ob/ob genotype were leptin deficient. Without leptin, 
ob/ob mice had uncontrolled appetites (hyperphagia) 
and lacked thermogenesis (caloric expenditure to 
generate heat and without accumulation of ATP), 
causing development of obesity, insulin resistance, and 
diabetes.4,11,20 The incredible hyperphagia that leads 
leptin-deficient mice to eat until their size prevents 
them from reaching their food, also causes leptin 
resistant mice (fa/fa genotype) to do the same.4, 11, 20–23 
Insulin resistance and diabetes in leptin-deficient mice 
were reversed by infusion of leptin or adenovirus-
mediated insertion of the leptin gene.20–23 Leptin levels 
increase with adipocyte mass, and elevated leptin levels 
provide feedback to the hypothalamus concerning 
energy reserves.4,5,20-22 The leptin gene, therefore was 

widely hailed as the “obesity gene” and millions hoped. 
for an easy and quick solution to their weight 
problems4,5 However, obese patients are rarely leptin 
deficient, more often exhibiting elevated leptin levels 
and leptin resistance.4,5,11,15,16 This does not diminish 
leptin’s impact on the subject of obesity. As with 
diabetes, the hormone resistant condition can be as 
problematic as the deficiency state.  
 
Leptin’s Mode of Action 
Leptin binds to cell surface receptors, activating a 
signaling system commonly used by cytokines 
(designated JAK-STAT).9,10,19–21 As shown in Figure 3A, 
the system branches to activate the AMP-activated 
protein kinase (AMPK) system and various 
transcriptional control elements (designated PPARs, 
SREBPs, among others). Thus, leptin signaling includes 
immediate activation/deactivation of existing enzymes 
and transcriptional control of the amount of enzyme 
present.10,12,21,25–3 The AMPK system is often described 
as the cell’s “energy gauge” because it responds to the 
relative amounts of AMP and ATP.12 Note that leptin’s 
activation of the AMPK signaling sequence is AMP-
independent and overrides the intracellular gauge in 
favor of the external energy status. In liver and muscle 
cells, leptin binding leads to an activation of the AMPK 
system, while leptin binding to hypothalamic receptors 
decreases AMPK activity and tells the hypothalamus 
when to suppress appetite and increase caloric 
expenditure.30 
 
Leptin Limits Abdominal Fat Deposition 
Roger Unger and others suggest that leptin’s primary 
role is not prevention of obesity, but protection of non-
adipose tissues from excessive lipid deposition.9,10 Leptin 
initially limits abdominal fat deposition (ectopic fat or 
visceral adipose tissue, VAT, see Figures 3 and 4). 
Notice that both AMPK activation and the 
transcriptional signals discussed above promote in-
creased fatty acid oxidation and block TG synthesis in 
liver and muscle.9,10,21 Leptin sends a different message 
to adipocytes, where lipid synthesis and storage are 
promoted.9,10 Thus, by promoting β-oxidation in non-
adipose tissues and the TG synthesis in fat cells, leptin 
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directs fat deposition toward adipocytes and limits 
ectopic fat deposition.9,10 
 

 
 
A. Leptin binding to cell surface receptors (JAK/STAT signaling 
system) causes tissue specific responses at both the level of gene 
transcription and phosphorylation of existing enzymes. In non-
adipose tissues, these actions result in increased β-oxidation and 
decreased triglyceride (TG) synthesis. Thus, non-adipose tissues are 
protected from producing too many TGs (ectopic fat). In the 
hypothalamus, adenosine monophosphate-activated protein kinase 
(AMPK) is decreased, leading to appetite suppression, 
thermogenesis, and increased physical activity. 
 

 
B. Lipid buffering in adipocytes involves a “futile cycle” of lipolysis, 
followed by re-esterification of fatty acids (FAs) and glycerol to 
reform TGs. The glycerol liberated by lipolysis is not reused, but is 
exported to the liver for gluconeogenesis. Thus, glycerol must be 
replaced through the process of glyceroneogenesis. This multi-step 
process is controlled by the enzyme phosphoenolpyruvate 
carboxykinase (PEPCK). Approximately 40% of FAs released by 
lipolysis are re-esterified by this lipid buffering system. Lipid 
buffering prevents large amounts of free fatty acids (FFAs) from 
entering plasma. For additional explanation, see reference 16. 
 
Figure 3: Leptin’s Signaling and the Lipid Buffering Cycle 

 

 
 
A. Normal individual is on a good diet and healthy lifestyle. 
Occasional excess calories cause increased leptin and thermogenic 
metabolism to burn excess calories. Lean tissues have minimal 
ectopic fat. 
 

 
 
B. Chronic overindulgence causes leptin resistance and massive 
ectopic fat deposition occurs in and around visceral organs. 
 
Figure 4: Development of Obesity and Deposition of Ectopic Fat 
Modified with permission from Unger RH, Biochimie 2005; 87: 
57–64. 
 
Normal rats on 60% fat diets became obese, and 
deposited 3-fold more fat in their liver. Leptin-deficient 
animals had ravenous appetites, developed insulin 
resistance, and deposited up to 100-fold more hepatic 
triglycerides (TGs), even on 6% fat diets.9,10,20 Leptin 
replacement controlled appetites, reversed insulin 
resistance, and decreased liver TGs.9,10,20,24 in deficient 
animals. Similarly, leptin-deficient rats fed high sucrose 
diets, deposited abdominal fat, with increased liver 
export of TGs.9,10,20 Again, leptin infusion caused rapid 
decreases of TGs in both liver and plasma.24 
 
Leptin normally limits abdominal fat and promotes 
expansion of subcutaneous fat tissues.27,31,32 Leptin 
resistance lowers metabolic rates, increases appetite, and 
leads to limited physical activity, ultimately causing 
abdominal obesity and expansion of metabolically 
hyperactive and toxic VAT (Figure 3).4-11 
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Lipid Buffering and Re-esterification 
Elevated levels of free fatty acids (FFAs) play a key role 
in the development of obesity and the associated 
lipotoxicity.9,10,20 Lipolytic release of FFAs and glycerol 
is catalyzed by hormone sensitive lipase (HSL) during 
fasting conditions (low insulin: glucagon ratio).12 Ap-
proximately 40% of FFAs released by lipolysis are 
resynthesized to TGs without leaving the fat cell. This 
futile cycle “buffers” the body from large fluctuations of 
serum FFA.9,10,12,31,32 Glyceroneogenesis, controlled by 
phosphoenolpyruvate carboxykinase, or PEPCK, 
produces glycerol to complete this cycle, because the 
glycerol released by lipolysis is exported, rather than 
recycled.32-34 As seen in Figure 3B, animals that 
overexpress PEPCK were able to effectively buffer 
serum lipids when on a normal diet, minimizing ectopic 
fat, maintaining insulin sensitivity, and having lower 
serum FFAs and TGs.32-34 However, on a high fat diet, 
these animals were ineffective at lipid buffering; they 
became obese, displayed insulin and leptin resistances, 
and had elevated FFAs and TGs.33 
 
Unger suggests that throughout evolution leptin 
elevations provided a survival advantage by curbing 
appetite, increasing metabolism, and restricting lipid 
deposition after feasting.9,10,20 He asserts that leptin 
prevents excessive weight gain when food is plentiful, 
promoting a trimmer physique for future food-
gathering. Hypercaloric diets override this mechanism, 
resulting in leptin resistance, ectopic fat deposition, and 
lipotoxicity.4,5,9,10,20 
 
Where Do Adipocytes Originate? 
Pre-adipocytes, which originate from the macrophage 
cell line, are phagocytic, express macrophage-specific 
cell surface antigens, and secrete high levels of pro-
inflammatory adipokines, such as TNF-α and IL-6.34, 35 
These macrophage-like characteristics are absent or 
muted in mature adipocytes. Occasional overeating 
causes expansion of storage within pre-existing 
subcutaneous adipocytes and stimulates thermogenesis 
to eliminate excess calories. Chronic overindulgence 
results in leptin resistance and facilitates recruitment 
and maturation of pre-adipocytes into the larger 
adipocytes of VAT.32-35 

Leptin Resistance Leads to “Starvation Physiology” 
Fasting conditions decrease caloric requirements as 
metabolism “downshifts” in response to high 
insulin/glucagon ratios. Leptin deficiency (in ob/ob 
mice) or resistance (in fa/fa mice) induces “starvation 
physiology” that includes a dramatic shift beyond 
catabolic metabolism and reduced BMR, to include 
hyperphagia, and decreases in physical activity, body 
temperature, immune function, and fertility.9,10,20-22 
Leptin-deficient or resistant mice exhibit these 
physiologic and behavioral changes that promote weight 
gain and obesity, even when caloric intake is matched 
with those of normal-weight control mice.9,10,22 These 
changes are eliminated by leptin infusion or insertion of 
functional genes.9,10,20,24 
 
Many Roads Converge onto the Obesity Highway 
As illustrated in Figure 2, there are many “entrance 
ramps” onto the obesity highway. Each ramp 
contributes to a PEB, resulting from some combination 
of increased consumption and decreased caloric 
expenditure. Before merging onto the obesity highway, 
hormonal feedback systems effectively compensate for 
wide daily variations in food intake and exercise. 
However, consistent caloric excesses inevitably lead to 
leptin resistance and obesity. Figure 2 shows that leptin 
resistance often precedes insulin resistance and impaired 
glucose metabolism.4,5,9,10 Increasing hormonal resis-
tance accelerates progression on the obesity highway, as 
the natural deterrents (leptin) to weight gain are 
removed, making it more difficult to exit the highway.  
 
The following section describes a number of “entrance 
ramps” onto the obesity highway. A subsequent article 
describes several cases that include the metabolic and 
endocrine profiles of obese patients. 
 
Cortisol, Coping, and Comfort Food 
Chronic stress is manifest in many aspects of modern 
society, initiating the chronic stress-response network, 
including elevation of cortisol as shown in Figure 5.6,13  
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Figure 5: Stimulation & Hormonal Feedback to Hypothalamus  
Many outside stimuli are integrated by the hypothalamus with 
hormonal and metabolite feedback systems that provide status 
reports concerning internal conditions. For example, glucose and 
fatty acids would indicate current energy status, while insulin and 
leptin report on energy storage or “adipodisity.”  
 
The hypothalamus helps control appetite, metabolism, 
thermogenesis, and physical activity. It also releases corticotropin-
releasing hormone (CRH), which signals the pituitary to release 
adenrocorticotropic hormone (ACTH). Finally, ACTH stimulates 
the release of cortisol. 
 
Failure of these feedback systems (hormonal resistance) is a critical 
landmark on the obesity highway, because it perpetuates the positive 
energy balance by allowing increased appetite, decreased physical 
activity, starvation metabolism, and deposition of abdominal fat. 
 
 
Studies of animal models demonstrate stress-induced 
hyperphagia and a preference for “comfort” foods that 
are high in fats and carbohydrates.6,13 In humans, high 
cortisol levels seem to promote compulsive or 
pleasurable, stress-relieving activities, such as eating 
sweet or fatty foods, taking drugs, and drinking 
alcohol.13 Cortisol promotes overeating and redistri-
bution of energy reserves (toward abdominal fat) by 
increasing gluconeogenesis and TG synthesis, fueled by 
increased catabolism of muscle protein.6,12,13 Relieving 
stress by “vegging out” with a TV remote and plate of 
comfort food is a popular “entrance ramp” onto the 
highway to obesity. 
 

Cushing disease 
Cushing disease is hypercortisolemia that originates 
from endocrine dysfunction rather than stress. Classic 
symptoms of Cushing disease are the round “moon 
face” and “buffalo hump” accompanied by the 
characteristic central obesity with thin appendages. 
Cushing disease causes substantial muscle wasting, 
thinning of skin, immune suppression, and increased 
bruisability and bleeding, all associated with protein 
degradation to support gluconeogenesis.6,11-13 
 
Pleasure-Seeking Lifestyle Choices and Habits 
Obesity often results from pleasure-seeking choices, 
reinforced by the dopamine pleasure/reward system.14 
Many unfortunate choices result from habits learned in 
childhood (and unchanged in adulthood), behaviors 
influenced by slick advertising, lack of physical activity 
or exercise, and consumption of readily available, high 
calorie foods. Current cultural emphasis on “immediate 
gratification” also favors pleasurable eating over exercise 
or dietary restriction. 
 
Genetic Predisposition 
A strong genetic influence on the development of 
obesity is suggested by close similarities in BMIs found 
in identical twins raised apart.15,16 Analysis from family 
and twin studies estimates that 30–70% of body mass 
variation within the population results from inherited 
factors.15,16 However, experts agree that inheritance of a 
tendency toward obesity is usually not due to a single 
gene defect but is, instead, polygenic. Studies show that 
each individual gene typically exerts a modest impact on 
BMI.4,5,7,15,16 Very rare exceptions are monogenic de-
fects, such as deficiencies of leptin, leptin receptor, or 
genes controlling hypothalamic feedback. In all of these 
cases, the result is loss of appetite suppression and early-
onset obesity.4,5,15,16 Less dramatic polymorphisms with-
in human genes for leptin, leptin receptors, adiponectin 
(ADN) and ADN receptors exist, but most variants are 
associated with minor changes in weight or BMI.15,16 
 
Several large population studies, using genomic and 
bioinformatics techniques have found specific alleles of 
a gene (designated FTO) that is associated with 1–3 kg 
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weight increases.36 Obviously, this small weight gain 
seldom raises a normal BMI into the obese range.  
 
Hypothyroidism Reduces BMR 
Thyroid hormones control our basal metabolic rate 
(BMR), and hypothyroidism, most commonly an 
autoimmune disease called Hashimoto disease, reduces 
the BMR by 10-15%. Such consistent reductions in 
BMR make weight gain difficult to avoid. Patients with 
Hashimoto disease also tend to suffer from exercise and 
cold intolerance, lethargy, and constipation.12,37 Fortu-
nately, thyroid hormone supplementation can moderate 
the effects of Hashimoto disease.11,12,37 
 
Alcohol, Drugs, and Neurochemistry 
Many addictive or compulsive behaviors, including 
alcoholism, are often associated with dopamine. Obese 
patients often express fewer dopamine receptors, similar 
to levels found in people addicted to drugs and/or 
alcohol.14 Dopamine is a component of the brain’s 
“pleasure center”, and drugs such as cocaine potentiate 
dopamine activity by blocking its re-uptake. This 
provides a neurochemical link between obesity and 
obsessive-compulsive behaviors, which are 25% more 
likely to occur in obese patients compared to patients of 
normal weight.14 Additionally, the β-adrenergic and 
sympathetic nervous systems are involved with ther-
mogenic response.39,40 Mice with β-adrenergic receptor 
deficiencies lacked the thermogenic response to over-
nutrition and became obese, compared to control mice 
of normal weight.40 
 
Some prescription drugs, such the second-generation 
antipsychotics (e.g. olanzapine and clozapine) are 
associated with significant weight gain, abdominal fat 
deposition, and insulin resistance.14, 38 Interestingly, 
these drugs appear to affect the AMPK phosphorylation 
system, decreasing hypothalamic control of appetite.38 
 
Lifestyles Devoid of Physical Activity 
Many jobs and many leisure activities require little or 
no physical activity and make a PEB difficult to avoid. 
Typical Americans consume roughly 100 calories/day 
more than in 1900, but burn several hundred fewer 
calories/day during physical activity.2 For example, an 

employee at a computer-dominated job might burn 500 
work-related calories per day, compared to construction 
or farm workers, who burn more than 1500 work-
related calories.12 Unfortunately, inconsistent vigorous 
workouts at the gym seldom burn enough calories to 
cause substantial weight loss without dietary constraints. 
Since progression along the obesity highway is fueled by 
a PEB, a long-term commitment to a combination of 
exercise and diet provides the best “exit ramp”.4,5,41,42 
 
Yo-Yo Diets: Fighting Vainly Against Our Hypo-
thalamus 
Dieters know the feeling of “swimming against the 
current” to lose weight, and the term “yo-yo diet” 
describes our body’s resistance to weight loss. Popular 
myth suggests that body weight skyrockets whenever we 
look away, but endocrinology indicates that our 
hypothalamus initially limits weight gain above our 
current weight or “set point”. See Table 1 for a 
summary of the effects of energy balance on hormones 
and metabolism. 
 
Dieting decreases caloric intake and, at weights below 
the set point, decreased leptin levels signal the hypo-
thalamus of diminished “adiposity” (energy storage). 
Fasting metabolism results in decreased caloric re-
quirements, increased appetite, and limited physical 
activity.12, 39, 40, 41, 42 Another peptide hormone from the 
GI tract, called ghrelin (or the “hunger hormone”) also 
promotes increased appetite during dieting 43. 
 
Above the set point, elevated leptin signals the hypo-
thalamus that energy reserves are adequate. This results 
in appetite suppression, increased anabolic metabolism 
and thermogenesis, and encourages physical activity. 
However, chronic “over-nutrition” causes leptin/insulin 
resistances, negating hormonal feedback with its 
associated appetite and metabolic effects.12, 41,42 
 
Obesity’s Effect on Lifespan 
Given the depressing list of co-morbidities associated 
with obesity (described in the accompanying article), it 
is not surprising that weight loss has a positive impact 
on longevity. Numerous studies have documented the 
metabolic and health benefits of weight loss, by either 
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Table 1: Interaction of Hormones and Metabolism Resulting From Dietary Changes 
  

 Status of  Metabolic Rate    
 Energy Stores, Hormonal Storage or Appetite or Physical Activity Net Weight 
 Weight Change  Signals Starvation Satiety  Gain or Loss 
 

 Negative energy  ⇓ Leptin Starvation    
 balance (diet); ⇓ Insulin metabolism ⇑ Appetite ⇓ Physical activity Promotes 
 weight loss  ⇓ BMR  conserve energy weight gain 
       
 Neutral energy      
 balance; ⇔ Leptin Normal metabolism Normal appetite Normal physical Promotes current 
 No weight change ⇔ Insulin   activity weight 
 

 Positive energy     
 balance; ⇑ Leptin Storage metabolism ⇓ Appetite ⇑ Physical activity  Promotes current 
 (occasional feasting) ⇑ Insulin ⇑ BMR   weight or minimizes 
 little weight gain     weight gain 
       

 Chronic positive ⇑ Leptin (resist) Starvation  ⇓ Physical activity Promotes 
 energy balance; ⇑ Insulin (resist) metabolism ⇑ Appetite conserve energy weight gain 
 obesity  ⇓ BMR    
  

 
diet or exercise.4,5,7-10,41,42 Experts now predict a general 
decrease in lifespan for the first time in centuries, as 
obesity and metabolic syndrome overwhelm medical 
advances.46 As described in the accompanying article, 
surplus lipids lead to lipotoxicity and apoptosis, while 
adipokines promote inflammation, atherosclerosis, and 
CVD.17 
 
Unfortunately, given the complexities in development 
of obesity and the cellular damage caused by lipotoxicity 
and atherosclerosis, dietary “magic bullets” seem un-
likely. While the new “endocrinology of obesity” offers 
hope for new prevention strategies, it also reaffirms the 
benefits of diet and exercise in controlling stress and 
reversing obesity and hormone resistance.4,5,41-43 Caloric 
restriction, even to levels slightly below accepted “re-
quirements”, tends to extend lifespan. 
 
Benefits of Diet and Exercise 
Since obesity results from chronic over-nutrition, suc-
cessful weight loss requires a “healthy” negative energy 
balance. Although exercise options are often limited for 
obese patients, finding appropriate ones is an important 

lifestyle change, with benefits beyond simply burning 
calories. When combined with diet, an exercise regimen 
helps counteract the usual “metabolic downshift” and 
decreased physical activity directed by the 
hypothalamus. Exercise promotes anabolic metabolism, 
increases BMR, reduces stress, and promotes hormonal 
sensitivity by up-regulating receptors and signaling 
pathways.4,32,34 Additionally, exercise can provide an 
alternate method of stimulating the brain’s pleasure 
center, which may have previously been dominated by 
unhealthy eating behaviors. A healthy diet and exercise 
can help decelerate progress along the obesity highway 
and even provide an exit ramp. 
 
Approaches to Drug Treatments 
Drugs such as sibutramine and rimonabant are appetite 
suppressants that modify our perceptions of hunger in 
the brain.4,35,36 Orlistat (sold as Alli) is an FDA-cleared 
drug that blocks intestinal fat absorption.4,35 Our 
knowledge of signaling pathways for control of appetite 
and metabolism enables the design of specific inhibitors 
or agonists. For example, neuropeptide Y (NPY) is a 
potent stimulator of appetite. Leptin inhibition of NPY 
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explains part of its role in appetite suppression. 
Melanocortins also cause neuronal inhibition of 
appetite. Animal models with defective melanocortin-4 
receptors become obese.4,5,47-49 Other appetite-signaling 
pathways include obvious targets, such as ghrelin, the 
“hunger hormone”.4,47-49 
 
The thiazolidinediones (TZDs) are specific activators of 
peroxisome proliferator–activated receptor (PPAR) and 
have been shown to improve insulin sensitivity in type 2 
diabetic patients.11 TZDs have a direct antidiabetic 
effect on glucose metabolism in skeletal muscle and 
liver.12 In addition, TZDs increase insulin sensitivity by 
increasing lipid storage capacity of adipose tissue and 
reducing circulating FFA and triglyceride levels.13 TZDs 
decrease FA release from adipose tissue by increasing 
FFA re-esterification via the induction of both phos-
phoenolpyruvate carboxykinase (PEPCK), a regulatory 
enzyme of glyceroneogenesis, and glycerol kinase.14,15 
 
Other approaches include inhibition of adipocyte 
enzymes or transporters to prevent uptake or synthesis 
of TGs. Finally, stimulation of “fat burning” mecha-
nisms, by “uncoupler proteins,” may enable burn-off of 
unwanted calories. Although many dietary supplements 
and over-the-counter formulations already claim 
success, availability of drugs that have cleared clinical 
trials and obtained FDA approval is several years 
away.4,5,47-49 
 
Conclusion 
Leptin normally provides energy status reports to the 
hypothalamus, which then controls appetite and energy 
expenditure. Obesity generally involves a PEB that 
exceeds the adipocyte’s capacity to store fat and results 
in resistance to leptin. Once leptin resistance occurs, 
appetite suppression and control of energy expenditure 
are lost and starvation physiology defaults to conditions 
that actually promote continued weight gain (see Figure 
6). The alarming list of physiologic changes includes: 
decreased metabolism, hyperphagia, chronic inflame-
mation, deposition of abdominal fat, dysregulation of 
carbohydrate and lipid metabolism (and elevated 
glucose and FFAs), lipotoxicity, development of athero-
sclerosis, and CVD. All of these outcomes result in 

acceleration along the obesity highway toward meta-
bolic syndrome. 
 

 
 
Figure 6: Progression Along the Obesity Highway 
 
Clin Lab Sci encourages readers to respond with thoughts, 
questions, or comments regarding this Focus section. Email 
responses to westminsterpublishers @comcast.net. In the 
subject line, please type “CLIN LAB SCI 23(1) FO 
OBESITY AND METABOLIC SYNDROME”. Selected 
responses will appear in the Dialogue and Discussion 
section in a future issue. Responses may be edited for length 
and clarity. We look forward to hearing from you. 
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