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Attitudes of the public and the medical profession toward
obesity have evolved through history.1,2 Excessive body fat
was once considered to be a sign of good health, wealth, and
even beauty. However, expanding medical knowledge about
the detrimental impact of obesity on health, and changing
aesthetic standards have dramatically altered perceptions of
obesity. Paradoxically, despite predominantly negative current
opinions of obesity, its prevalence is on the rise.3
Scientific information about obesity apparently abounds.
There are voluminous chapters in medical textbooks, and
hefty monographs dedicated to the subject. The number of
research papers dealing with various aspects of obesity is
staggering. In fact, there are numerous journals dedicated
solely to publication of basic and clinical studies of obesity. A
search of the National Guideline Clearinghouse reveals more
than 400 guidelines related directly or indirectly to obesity and
overweight. Unfortunately, this spurious plethora of scientific
knowledge does not translate into efficient and effective
clinical strategies. Medical management and prevention of
obesity remains extremely challenging and frustrating.
Disappointment with the scientific approach to weight
control prompted a disillusioned public to search for alternative
solutions. Sadly, those alternatives offer brief hope followed
by no solid results. The popular press and social media are
inundated with flashy commercials promoting allegedly
“marvelous” anti-obesity supplements, “groundbreaking”
weight control programs, and “miracle” diets, all to no avail. The
prevalence rates of obesity are still rising.3
Is It Always Bad To Be Obese?
Surprisingly, the answer appears to be: not necessarily.
The negative health consequences of obesity in the general
population are well supported by a long line of evidence.4,5
However, the health outcomes in specific subgroups appears
to be improved at an increased body mass index (BMI).
Those subgroups include patients affected by renal disease,
cardiovascular disease, hip fractures, rheumatoid arthritis, and
tuberculosis.6-12 The terms obesity survival paradox and BMI
paradox have been coined to denote this phenomenon. This
puzzling anomaly was initially described in 1999 in overweight
and obese hemodialysis patients.6 Similar observations in
the aforementioned pathological conditions have followed.
Moreover, further research has revealed that it was not obesity
per se that seemed to exert that unexpectedly positive effect
on survival. The common comorbidities of obesity such as
hypercholesterolemia and hypertension appeared to improve
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survival as well in certain subpopulations, especially in patients
with end-stage renal disease (ESRD).13,14
These counter-intuitive findings were hard to explain and
led to formulation of the “reverse epidemiology” hypothesis.15,16
In brief, this hypothesis is an over-arching concept that purports
to explain the unusual association between traditional risk
factors such as obesity, hypercholesterolemia, hypertension,
and improved clinical outcomes in patients with certain chronic
conditions. The as-yet-untested extension of this hypothesis
postulates further that “low normal” BMI, cholesterol level, and
blood pressure may be medically unfavorable by inducing
higher morbidity and mortality in asymptomatic people
belonging to certain sub-populations, such as the elderly.
These theories have baffled the academic community.
Some researchers treat the reverse-epidemiology hypothesis
with skepticism, pointing out that the unusual findings can
be explained by residual confounding of malnutrition and
competing mortality risks in the years preceding development
of chronic conditions such as ESRD.17 Indeed, the phenomena
underlying the “reverse epidemiology” do not necessarily
implicate that the pathological mechanisms operate differently
in selected groups of patients, as opposed to general population.
The unusual effects of the traditional risk factors may be simply
secondary to co-existence of certain confounders that cause
reversal of typical relationships between risk factors and
outcomes.
Debate continues, and the conundrum of “reverse
epidemiology” remains unsolved. For now, one can conclude
that the adage “take everything in moderation” as the best
way to live still holds true. Morbid obesity is clearly lethal in
the general population, but the aesthetically promoted leanand-mean phenotype may be not best for certain specific subgroups.
What Causes Obesity?
It is undisputed that the etiology of obesity is far more
complex than the simplistic paradigm of imbalance between
energy intake and output.18 Unfortunately, a majority
of the general public and many clinicians still base their
understanding of obesity on this traditional concept. This
situation is understandable. The model of obesity based on
energy disequilibrium is alluring in its simplicity. However, both
research and clinical practice show that this theory is highly
inaccurate.
Obviously, excessive energy input (caused by a high calorie
diet) and/or low energy output (due to sedentary lifestyle) will
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lead to accumulation of body fat. However, there are myriad
confounding factors and effect modifiers that substantially
influence the net effect of the processes involved in energy
homeostasis. It is therefore not surprising that the simple,
logical advice to “eat less, exercise more” fails miserably to
deliver expected clinical outcome in the majority of patients.
Diet plays an extremely important role in obesity
development. This statement is not a mere theory-driven
conclusion. Numerous laboratory studies and some
epidemiological data confirmed the obvious notion that
consumption of high-energy-content food is related to
obesity.19 Classic medical textbooks point out that for most
patients, notable weight loss is easier to achieve by simple
dietary modifications than by elaborate exercise programs.20
Consequently, dietary intervention is considered to be a
mainstay of routine weight control programs. It is therefore
not surprising that the consumer market is flooded with
a seemingly endless stream of purportedly “effective and
fail-proof” dietary programs: from Atkins to Zone. There are
numerous anecdotal reports of impressive individual successes
with many of those trendy diets. This optimistic picture is not
confirmed, however, by the results of well-designed clinical
trials.21 It is very likely that the absolute caloric restriction rather
than a relative macronutrient composition of a diet plays the
key role in its effectiveness. Regrettably, as discussed below, the
true voluntary compliance with calorie-restrictive diets is very
hard to achieve.
Sedentary lifestyle is unquestionably an important
contributor to obesity. Yet, the role of exercise in management
of obesity became controversial.22 Numerous authors recently
claimed that exercise is much less effective in management
of obesity than was traditionally believed.21 To explain those
findings, it was theorized that obese people who exercise
vigorously have increased appetite, and that prevents them
from losing weight. Other authors criticized those notions. The
dispute continues, yet it appears that weight-loss strategies
based on increasing physical activity alone produce very
disappointing results.22 At the same time, however, the
STRRIDE Trial actually showed that just 30 minutes of exercise
(in subjects on caloric restriction diet) is beneficial in terms of
decreasing body weight.23 Moreover, the positive health impact
of structured exercise programs, even without substantial
weight reduction, should be considered as well.
Clinicians frequently encounter patients claiming to be
affected by “diet-resistant” and/or “exercise-resistant” obesity.
Therefore it has been proposed that “slow metabolism” could
play a role in the etiology of obesity. Surprisingly, the evidence
showed a totally opposite phenomenon. Obese persons
usually have greater rates of resting energy expenditure (REE)
compared to height-matched lean subjects.24 This apparent
paradox actually makes perfect sense upon critical analysis.
Obese persons have greater total cell mass (lean + many
adipose cells) as compared to lean individuals (lean + fewer
adipose cells). Since REE reflects total cell mass, subjects with
larger cell mass will have larger REE.
Moreover, no abnormalities in REE or total energy
expenditure (TEE) have been found in patients who claimed
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inability to lose weight despite self-reported strict compliance
with exercise programs and low-calorie diets.25 Research has
revealed that such patients systematically underestimated
their food intake and overestimated their physical activity.
Studies demonstrated that they exercised much less and
consumed many more calories than they self-recorded in their
monitoring logs.26 Certainly, there could be some cases of
individuals with atypical metabolic rates. Those are, however,
rare exceptions. Unfortunately, the myth of high prevalence of
“slow metabolism” persists among the general public.
The role of physical and psychological stress in the
etiology of obesity tends to be either neglected or overemphasized. Proponents of stress-induced obesity point out
that chronic stress results in mild elevation of the cortisol level.
Unquestionably, chronic severe hypercortisolemia results in
steady buildup of adipose tissue that is not easily amenable to
reduction through diet and exercise.20 However, does that mean
that stress-related mild elevation of cortisol level is sufficient to
induce severe obesity? Perhaps such mild elevation is rather a
marker of the as-yet unknown process and not the main actor
here. This remains to be established.
In view of all the above, the etiology of obesity is most
likely multifactorial and diverse. Yet it is plausible that among
the multitude of etiological factors there are some dominant
integrative mechanisms that play a key role in the complex
pathophysiology of obesity. Understanding those mechanisms
could allow for a better management of obesity.
In the 20th century, genetics became queen of medical
sciences, and the obesity answer was sought there. Initial hopes
were high. Unfortunately, it soon became apparent that the
genetics of obesity poses more questions than answers.
Genetic etiologies of obesity were divided into monogenetic
(rare) and polygenetic (much more common). Yet, the genetic
background explains only an estimated 40 percent of variance
in body mass. Environmental and cultural factors play big roles,
as evidenced by the different prevalence of obesity in various
regions of the world in correlation with economy, sedentary
lifestyles, and dietary habits. The urbanization phenomenon is
being used to explain the explosion of obesity in populations
that were previously lean because of doing vigorous daily
physical labor. Yet, no one can explain why some members of
those tribes continue to be lean, others are moderately obese,
and yet others morbidly obese. Genetics does not fully account
for it.
The field of neuroendocrinology appears to hold many
promises of better understanding of obesity. During the last
century, neuroendocrinology’s scope broadened from the
narrow aspect of hypothalamic control of the pituitary to
studies of reciprocal relationships between the central nervous
system (CNS) and all hormones. In addition to examining
the intricate interplay between CNS and humoral factors in
response to external and internal stimuli, neuroendocrinology
focuses on various homeostatic mechanisms. Traditionally,
energy and weight homeostasis were the subject of intensive
neuroendocrine research. For instance, a groundbreaking
research by Hetherington and Ranson demonstrated that
stereotaxic destruction of the medial basal hypothalamus
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resulted in morbid obesity—similar to that observed in patients
with Fröhlich Syndrome (adiposogenital dystrophy).27 From
numerous neuroendocrine theories related to etiology obesity,
two are worth mentioning here.
The set-point theory is an attractive explanation of many
failures of classic weight management programs. This theory,
propounded by G. Kennedy, posits that body weight is
predetermined. Therefore, weight loss (or gain) promotes a
decrease (or an increase) in metabolic rate that acts to restore
body weight to a pre-set level.28 This is an analogy to the
thermostat—hence the name of “adipostat” was given to that
hypothetical homeostatic mechanism. The validity of the main
notions of the set-point theory has been recently questioned.29
However, even if this theory were to be proven to be correct, the
practical and safe way to change the setting of the “adipostat”
for individual patients remains a mystery.
The potential role of the endocannabinoid system in the
etiology and treatment of obesity is a quite novel concept
that generated clear enthusiasm.30 The endocannabinoid
system (ES) is a group of neuromodulatory lipids, enzymes
that synthesize and degrade those lipids, and the receptors for
those lipids. ES is involved in a variety of physiological processes
including appetite, pain sensation, mood, and memory. This
system mediates the psychoactive effects of cannabis. The main
components of ES include:
• Endocannabinoids—the endogenous arachidonate-based
lipids, which serve as physiological endogeneous ligands
for the cannabinoid receptors: All endocannabinoids are
eicosanoids. The best known endocannabinoids include
anandamide (N-arachidonoylethanolamide, AEA) and
2-arachidonoylglycerol (2-AG).
• Enzymes
that
synthesize
and
degrade
the
endocannabinoids: These include fatty acid amide hydrolase
or monoacylglycerol lipase.
• Cannabinoid receptors: CB1 and CB2 are two G-proteincoupled receptors that are located in the central and
peripheral nervous systems.
The dysfunction of the endocannabinod system is proposed
to explain the behavioral changes related to abnormal appetite
and compulsory food-seeking or avoidance. Changes in the
endocannabinoid system may potentially explain both the
anomalous increase of appetite in obese individuals and
decrease in the food-seeking behavior after bariatric surgery.
The initial enthusiasm related to the potential clinical utility
of manipulation of ES has decreased after a major debacle of
the designer drug rimonabant (Accomplia). Rimonabant is an
antagonist of the endocannabinoid receptor CB1. Randomized
controlled trials in obese patients have shown that treatment
with this compound decreases body weight.31 Unfortunately,
the clinical development program of rimonabant was
discontinued in 2008 in view of the emergence of serious side
effects in form of severe psychiatric disorders.

weight control. It has been demonstrated that observed weight
reduction and metabolic changes that follow bariatric surgery
cannot be explained simply by decreasing the absorptive
surface of the gut, or speeding up transit. However, the question
remains, what mechanisms play a role in this phenomenon?
Various hypotheses have been proposed. The following theories
have gained popularity recently:
Role of the Gut Hormones
An excellent review by Troke et al. succinctly summarizes
the purported role of the gut-brain neuroendocrine axis in
the effectiveness of bariatric surgery.32 The authors make a
compelling case about the positive impact of bariatric surgeryinduced changes in the gut hormones on the weight loss. They
discuss the hormonal manipulation involving gut hormones
as a promising treatment of obesity without surgery. They also
review the known physiology of the gut hormones. They argue
that the favorable effects of bariatric surgery are at least partially
related to changes of gut hormones such as GLP-1, PYY, PP and
oxyntomodulin, as well as changes in the ghrelin system.
Yet, a skeptical reader may notice many problems with
some of those neat theories. Most of the proposed notions
are theory-driven conclusions, based on studies showing
correlation between bariatric surgery and changes in the
gut hormones. Correlation does not imply causation. The full
effect of bariatric surgery (minus mechanical effect) could
not be duplicated with selected gut hormones manipulation.
The explanation given is that to achieve a full effect, multiple
hormonal changes have to be induced rather than using one
or two of the hormones. That is quite possible; however, given
the enormous complexity of the gut hormonal system, one can
worry that side effects of such massive hormonal manipulation
may outweigh the benefits. We really know much less about
the gut hormones than we are willing to admit. Moreover, we
are lacking the tools to study the very convoluted and complex
system of gut hormones. This may change in the near future.
For now, gut-hormone therapy for obesity remains an attractive
hypothesis worthy of vigorous pursuit. Realistically speaking,
the way to replicate the effects of bariatric surgery by medical
means using hormonal manipulation appears to be long and
treacherous.

Bariatric Surgery

Role of Gut Bacteria
This was a shocker for proponents of the major role of gut
hormones in effects of bariatric surgery. In their elegant study,
Liou and Kaplan showed that the transfer of the gut bacteria
(a.k.a “gut microbiota”) from bariatric surgery-operated mice
to non-operated, germ-free mice resulted in weight loss and
decreased fat mass in the recipient animals.33 No hormonal
manipulation was necessary. The change in the gut microbiota
following bariatric surgery in humans is well established. It
is a fascinating concept, but like the gut hormones theory,
translation of those results to clinical practice will be very
difficult.

There is no question that results of bariatric surgery are very
impressive, as compared with any other available method of

Endocannabinoids
As discussed above, the endocannabinoid theory can

40

Journal of American Physicians and Surgeons Volume 19 Number 2

Summer 2014

provide some additional clarifications of the effectiveness of
bariatric surgery in areas that cannot be fully explained either
by gut hormones or gut microbiota changes.
Conclusions
The homeostatic system related to the weight control is
very complex. The simplistic model of energy balance directed
by a relatively simple control mechanism appears to be invalid.
Clearly, there are multiple yet unknown mechanisms involved
in the pathogenesis of obesity. This explains the enormous
difficulties in achieving meaningful and safe weight loss in
overweight and obese patients. Despite the availability of many
non-surgical options, bariatric surgery appears to be the best
method available that can induce and maintain major weight
loss in severely obese patients.34-37
Intensive translational obesity research continues. Numerous
integrative approaches, including neuroendocrinology and
gastrointestinal microbiology concepts, are being applied to
develop a comprehensive theory of weight homeostasis. The
day may come when we will fully understand the intricate
pathophysiology of obesity. Based on this knowledge, safe,
effective, and cost-effective methods of weight control will be
developed. Until that time, clinicians and their patients are in the
obesity quagmire.
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