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T

he Metabolic Applied Research Strategy (MARS) is
a multi-year, multi-generational, collaborative
research program between the Massachusetts
General Hospital, the University of Cincinnati, and
Ethicon Endo-Surgery. Its focus is to interrogate and
understand the physiologic and metabolic changes that
occur after bariatric surgery (i.e., how these operations
improve conditions such as type 2 diabetes) with the
goal of inventing new, less invasive, and less expensive
treatments for the many patients suffering from obesity
and related disorders who will not undergo surgery. This
compendium, which was published as a seven-part series
in Bariatric Times from March to September 2012, is
dedicated to the MARS initiative. The authors discuss
present understanding of how bariatric surgery works,
the known mechanistic differences among the various
procedures, and how these findings can help surgeons,
researchers, companies and patients harness the
remarkable effectiveness of these GI manipulations.
Drs. Kaplan, Seeley, and Harris dispel commonly
believed myths associated with obesity and bariatric
surgery and illuminate the current state of the art. In
Myth 1, they tackle a common misconception that weight
can be reliably controlled by purposefully adjusting
calorie balance through diet and exercise. They discuss
important factors needed for durable weight control,
including achieving a healthy physiological set point. In
Myth 2, the authors dispel the notion that bariatric
surgery induces weight loss primarily by mechanical
restriction and nutrient malabsorption and discuss
physiological mechanisms that determine the clinical
effects of these procedures. In Myth 3, the authors
describe the evidence that vertical sleeve gastrectomy
(VSG) is a metabolic procedure, explaining its powerful
benefits for the treatment of type 2 diabetes mellitus
(T2DM). Myth 4 continues the discussion of bariatric
surgery and T2DM, explaining that both RYGB and VSG
cause improvement in diabetes and pancreatic function
by mechanisms above and beyond the associated weight
loss. Lastly, Myth 5 indicates why patient behavior is not
the primary determinant of outcomes after bariatric
surgery. The authors describe biological factors,
including a patient’s genetic make-up, that influence
surgical outcomes
The MARS initiative strives to discover the longobscure “magic” of bariatric surgery and to harness that
understanding to develop new therapies that more
effectively address the enormous challenges of obesity,
diabetes, and their devastating consequences.

Sponsored by Ethicon Endo-Surgery. © 2012 Matrix Medical Communications. All rights reserved. Opinions expressed by authors, contributors, and advertisers are their own and not
necessarily those of Matrix Medical Communications, the editorial staff, or any member of the editorial advisory board. Matrix Medical Communications is not responsible for accuracy
of dosages given in the articles printed herein. The appearance of advertisements in this journal is not a warranty, endorsement, or approval of the products or services advertised or of
their effectiveness, quality, or safety. Matrix Medical Communications disclaims responsibility for any injury to persons or property resulting from any ideas or products referred to in the
articles or advertisements. Reprints are available. Contact Matrix Medical Communications for information. Bariatric Times (ISSN 1551-3572) is published by Matrix Medical
Communications, 1595 Paoli Pike, Ste. 103, West Chester, PA 19380. Telephone: (866) 325-9907 or (484) 266-0702, Fax: (484) 266-0726. Printed in USA.

[Bariatric Times SEPTEMBER 2012, SUPPLEMENT C]

THE METABOLIC APPLIED RESEARCH STRATEGY INITIATIVE SERIES

Bariatric Surgery: The Road Ahead
by LEE M. KAPLAN, MD, PhD, and RANDY J. SEELEY, PhD
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T

he growing epidemic of obesity and its myriad
medical and economic complications have highlighted
the limitations of the available therapeutic options.
Statistically, lifestyle modification remains the most effective
public solution for obesity in general. However, for
individual patients with severe or medically complicated
obesity, bariatric surgery provides the greatest, most
reliable, and most durable benefit. Initially introduced in the
1950s and 1960s, numerous bariatric procedures have been
developed with the goal of reducing food intake or causing
malabsorption of ingested calories. This approach fit well
with the then-perceived causes of obesity, including
excessive food ingestion and inadequate physical activity. In
recent years, however, we have become increasingly aware
of the complexities of body weight regulation.
Obesity, the accumulation of excess body fat, results
from imbalances in the physiological mechanisms that
regulate nutrient intake and assimilation, energy balance,
and metabolic function. Dysfunction of these powerful
regulatory systems, whatever the cause, has proven
extremely difficult to fix, making the effectiveness of
bariatric surgery that much more remarkable.
So what is it about these gastrointestinal operations that
allows them to generate such profound and durable weight
loss, and how do they cause the dramatic improvements in
diabetes and other metabolic disorders that disrupt the lives
of so many people with obesity? Answering these questions
is the goal of many basic and clinical scientists who believe
that surgery holds the key to finding new, more effective
therapies for obesity, diabetes, and other metabolic
disorders.

CREATING THE ROADMAP FOR BARIATRIC SURGERY

As with many medical interventions, bariatric surgery is
used simply because it works. How it works is interesting
but fundamentally less important than the simple fact that it
works. Indeed, the benefit-risk relationships of these
operations are, and should be, the primary determinants of
their clinical use. We must recognize that despite their
powerful therapeutic benefits, bariatric surgical procedures
also have risks that limit their use to people with the most
severe or medically complicated obesity. Reducing these
risks is one way to enhance the utility and acceptance of
bariatric surgery. But there is also a need for more effective

therapies for patients with obesity and metabolic disorders
who should not, cannot, or will not undergo surgery.
Whatever the mechanisms underlying the unique
effectiveness of bariatric surgery, understanding and
harnessing them is likely to open the door to such new,
more effective, and less invasive treatments. The precise
mechanisms of action of bariatric surgery, once determined,
can be a “roadmap” for their development. The singular
failure of other approaches in creating effective, nonsurgical
treatments of obesity only increases the value of this
approach.

MORE THAN RESTRICTION AND MALABSORPTION

Central to using bariatric surgery as a roadmap for the
design of new therapies is establishing a more complete
understanding of how these operations work. Early thinking
was that they caused weight loss by mechanical restriction
of food intake, malabsorption of ingested calories, or both.
More recent observations, fueled in part by the apparent
weight loss-independent effects of surgery on type 2
diabetes mellitus (T2DM), demonstrate that many forms of
bariatric surgery directly, and beneficially, affect the body’s
normal weight regulatory mechanisms. By altering
endocrine, neural, and endoluminal signaling from the gut,
these operations cause the body to seek a state of
diminished fat storage and healthier metabolic function. In
many cases, the responses to surgery include enhanced
secretion and activity of hormones, such as glucagon-like
peptide-1 (GLP-1), peptide YY (PYY), and amylin, reduced
secretion of ghrelin, altered activity of sympathetic and
parasympathetic (e.g., vagus) nerves, and changes in the
concentrations and dynamic responses of several luminal
signaling factors, including bile acids, endocannabinoids,
and metabolically important bacteria (microbiota) that
reside within the body. The outlines of the complex, and
exquisitely effective, mechanisms of bariatric surgery are
only beginning to emerge, but one thing is clear—when they
work, these operations change physiology at all levels. They
change the body’s set point for fat storage; they change
perceptions about hunger, satiety, and the reward value of
food; they change behaviors in response to those
perceptions; and they change the way the body processes
ingested nutrients and regulates metabolic function. Indeed,
there are few aspects of metabolic regulation that escape
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influence by these operations. These findings are both
surprising and enabling. If the benefits of surgery came only
from mechanical restriction and malabsorption, then the
best we could hope for would be to find less invasive ways
of changing gut structure.

HARNESSING THE MAGIC OF SURGERY

Because the effects are primarily physiological—
physiological changes caused by physical manipulation—we
can envision multiple new ways of harnessing the “magic” of
surgery. Such novel approaches could include less invasive
laparoscopic or endoscopic procedures, new therapeutic
devices, medications, therapeutic foods and food
supplements, and individually-targeted manipulation of the
patient’s behavior or environment.
So, armed with this new information, how should we
proceed? Many investigators have begun to elucidate
components of the physiological response to surgery. These
efforts have included numerous observational studies in
human patients, and more recently, a growing effort that
exploits animal models of bariatric surgery to reveal
important mechanisms. Animal models are never identical
to their human counterparts, but they can be powerful tools
in the study of mechanism. We have already learned that all
forms of bariatric surgery can be performed successfully in
both large and small animals, and that their effects, even in
mice, closely mimic their effects in our patients. These
animal studies have revealed that most of the causes of
obesity, diabetes, and other metabolic functions, and most
of the effects of surgery to correct these disorders, are
conserved across species. Using these animal models, we
can develop and explore novel surgical procedures designed
specifically to explore mechanisms of action, and by
carefully manipulating the environments of these animals
and using sophisticated pharmacological and genetic tools,
we can explore how surgery works in ways that are simply
not possible in our human patients. Overall, by combining
these important advantages of animal studies with direct
clinical and physiological assessment of our patients, we
should be able to drive most efficiently toward a more
complete mechanistic understanding.

PUTTING RESEARCH INTO ACTION

How can we use this developing understanding? As
noted previously, all therapies for all diseases present some
combination of benefit and risk to the patient. By
understanding the mechanisms underlying both the benefits
and risks of bariatric surgery, we should be able to find ways
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of enhancing the benefit of individual procedures without
increasing their risk, or of decreasing the risk without
reducing the benefit. Ways to achieve these goals in the
future may include the following:
• Predicting which patients will receive the most benefit
from individual procedures and targeting those
procedures to those patients
• Predicting which patients will experience specific
adverse events from individual procedures and taking
steps to counter these effects
• Designing therapies that preferentially treat one or more
complications of obesity, such as diabetes, hypertension,
cancer, or inflammatory disorders, and targeting those
therapies to relevant patients
• Using specific medications or other therapies to
complement and enhance the physiological effects of
specific operations
• Developing novel, less invasive therapies, including morelimited surgical proecedures, medical devices, drugs, and
combinations of these interventions, whose benefit-risk
ratio favors their use in the enormous number of patients
with less severe or medically complicated obesity.
Of the many ongoing efforts in this area, the Metabolic
Applied Research Strategy (MARS) program supported by
Ethicon Endo-Surgery (EES [Cincinnati, Ohio]) stands out.
MARS represents a comprehensive approach to the study of
bariatric surgical mechanisms that combines intensive study
of animal models with human studies of physiological
response, outcome predictors, and clinical trials. The
approach of the MARS program is to deconstruct these
surgical procedures, better understand their mechanisms of
action, and invent new ways of harnessing them. It
represents an academic-industry collaboration unusual in its
scope and unique in the area of bariatric surgery.
Over the next several months, a series of articles in
Bariatric Times will describe various components of the
MARS program and the new understanding about obesity,
diabetes, and bariatric surgery that has resulted from these
efforts. MARS is but one component of the worldwide effort
to understand and use the mechanisms of bariatric surgery
to improve the treatment of obesity and its many
complications. Together with complementary programs
supported by numerous health institutes and corporate
partners across the world, the long-secret “magic” of
bariatric surgery will become known and help us address
the seemingly unstoppable epidemics of obesity and
diabetes and their devastating consequences.
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Myths Associated with Obesity and Bariatric Surgery
Myth 1

Weight can be reliably controlled by
voluntarily adjusting energy balance
through diet and exercise
by LEE M. KAPLAN, MD, PhD; RANDY J. SEELEY, PhD; and JASON L. HARRIS, PhD
Original citation: Bariatric Times. 2012;9(4):12–13

T

he epidemic of obesity and its medical,
sociological, and economic consequences continue
to reach further into our society. Its influence
touches all specialties of medicine; profoundly affects
the quality of life of those affected; and engenders
enormous medical, workplace, and personal costs.
Obesity has also adversely affected our national security.
From 1995 to 2008, the portion of United States military
recruits rejected for weight problems jumped from 12 to
to 21 percent, even as the prevalence of obesity among
military personnel doubled.1 For the United States
population as a whole, the National Bureau of Economic
Research (NBER) has estimated that obesity increases
annual health care expenses by more than $168 billion,2
and the Society of Actuaries, which includes lost
workplace productivity, estimates the annual cost at
closer to $300 billion.3 For the more than 90 million
adults and children with obesity, the consequences are
far more severe and include increased likelihood of more
than 65 diseases, shortened life expectancy by up to 25
years, inferior quality of life, and exposure to substantial
prejudice and stigma. Nearly 1,000 people die each day
in the United States from the medical complications of
obesity, a rate second only to tobacco as a cause of
“preventable” death. So, if obesity is so preventable, why
has its prevalence more than doubled in the past 50
years, and why have our efforts to prevent and treat it
been so ineffectual?
This article, the second in a series highlighting the
Metabolic Applied Research Strategy (MARS) initiative,
details some of the frequently cited “myths” surrounding
obesity and bariatric surgery, highlighting knowledge
gained from MARS and related research efforts across
the globe.

DEBUNKING THE MYTH: WHY WEIGHT CANNOT BE
RELIABLY CONTROLLED BY VOLUNTARILY
ADJUSTING ENERGY BALANCE THROUGH DIET AND
EXERCISE

Clinical evidence: long-term failure is the rule.
While lifestyle modification remains the mainstay of
treatment for obesity and has been shown to be effective
in the short term, its ability to provide substantial,
durable weight loss is very limited. Among people with
established obesity (body mass index [BMI]>30kg/m2),
approximately 80 percent will initially lose at least 10
percent of their body weight with a concerted weight
loss regimen, but more than 95 percent will regain all of
the lost weight (or more) within the subsequent 2 to 5
years. This weight regain has been thought to result
from volitional failure of the patient to maintain the
regimen that caused the weight loss, but this
interpretation overlooks the physiological forces that
almost certainly undermine that maintenance.
The regulation of fat mass and, in turn, body weight,
require a delicate balance between caloric intake and
energy expenditure. To gain one pound over the course
of one year (or 45 pounds between the ages of 20 and
65) requires a daily imbalance of just 11 calories. For a
person on a diet of 2,500 calories per day, this imbalance
represents a mismatch between caloric intake and
expenditure of only 0.4 percent. In other words, people
who naturally maintain their weight burn 100 percent of
ingested calories, while those who are 90 pounds
overweight by the age of 65 have burned an average of
99.2 percent—a very small difference in physiology
leading to dramatic physical, physiological, and often
medical effects. This small mismatch is a minor
disturbance of the body’s normal regulatory efficiency,
but one that is difficult to overcome.
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FIGURE 1. Body fat mass, a close correlate of body weight, is tightly
regulated by several regions of the brain in response to a series of
physiological feedback loops from other metabolically active tissues.

FIGURE 2. The set point for body fat mass is determined by
physiological responses that regulate both food intake and energy
expenditure. These regulatory processes seek to maintain an
appropriate fat mass and can counteract even modest imposed
changes in energy balance and fat mass.

It is important to note that success is far more likely
for those who need to lose only 5 to 15 pounds because
the adjustment in physiological set point is so modest.
Even so, weight regain and recurrent dieting is usually
the norm rather than the exception.
Energy balance is tightly regulated. So, why is it
so difficult to lose large amounts of weight and even
harder to maintain the weight loss? Among its other
functions, body fat is the primary storage depot for
energy in the body. We need to maintain appropriate
energy stores so that we have adequate reserves both for
normal activities and for situations that require additional
energy (e.g., infection, illness, injury, increased physical
activity), many of which also interfere with acquisition of
new energy supplies (eating). As one would expect for
any critical metabolic function, the amount of stored
energy is highly regulated based on genetic,
developmental, and environmental influences. The
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physiology of body weight regulation is complex (Figure
1) with robust and redundant systems to ensure
sufficient, but not excessive, energy stores. Numerous
studies in laboratory animals have demonstrated that,
even in the presence of infinite food availability, animals
regulate their food intake and defend an appropriate fat
mass (and consequently, body weight) provided that the
available food is “healthy.” This tight regulation of fat
mass can be shown in overfeeding or underfeeding
studies. Forced alteration of food intake initially has a
predictable effect on defended fat mass, with overfeeding
causing weight gain and underfeeding causing weight
loss. Over time, however, the fat mass and corresponding
weight seek a new stable point despite continued
overfeeding (e.g., weight gain stops and the weight
becomes stable). This happens because physiological
changes occur in response to the initial weight gain that
cause the animal to increase its total energy expenditure
(resting metabolic rate and spontaneous physical
activity) in an attempt to shed the excess stored calories.
This process of metabolic adaptation also occurs in the
setting of food restriction and consequent weight loss. In
response to the diet-induced weight loss, metabolic
adaptation causes conservation of energy expenditure
and stimulation of hunger, both of which help to
counteract further weight loss and promote regain of the
lost weight, shown in an idealized form in Figure 2. The
overall effect of these mechanisms is to defend a stable
body fat mass, or energy storage “set point.” Numerous
neuro-hormonal mechanisms appear to account for the
adaptive response to diet-induced weight change,
including increased circulating levels of ghrelin, an
appetite-stimulating hormone secreted by the stomach,
and decreased levels of peptide YY, cholecystokinin
(CCK), glucagon-like peptide 1 (GLP-1), and amylin,
hormones that promote satiety and tend to limit food
intake. Notably, recent human studies have shown that
changes in these hormones are maintained even after
prolonged dieting, confirming the findings in animals that
even long-term maintenance of lost weight rarely resets
the set point.4 The strength and durability of these
physiological mechanisms easily account for the
widespread failure of food restriction and enhanced
exercise to provide long-term control of obesity.
So, if it’s all about energy storage or body fat “set
point,” why do so many of us now have such elevated set
points? This, of course, is the key to obesity. Body fat set
points appear to be regulated like so many other
metabolic and physiological functions in the body, such
as blood glucose, LDL cholesterol, blood pressure, and
hematocrit. In each case, the “set points” are not firmly
fixed; rather, they reflect the integration of genetic
predisposition (e.g., some people are just more prone to
hypertension), developmental (life) history (e.g., skin
color tends to darken, and muscle mass tends to
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decrease with age), and environmental exposure (e.g.,
living at high altitudes results in an elevated hematocrit,
and medication usage can produce powerful physiological
responses). Genetics, developmental history, and
environment all contribute to an individual’s set point for
body fat mass, but the recent epidemic rise in obesity
results primarily from changes in the modern
environment leading to an inappropriately elevated set
point. Once that elevated set point is established, normal
physiological mechanisms defend it. As a result, diet
restriction, even modest restriction, can trigger increased
hunger and craving, and decreased satiety and
conservation of energy expenditure—responses designed
to prevent starvation—even in an individual with a BMI
that is far from starvation.
Environmental change has increased the set
point. There are many changes in the modern
environment that appear to promote obesity and its
metabolic consequences. Alterations in the chemical and
nutrient content of food influence brain physiology
through multiple mechanisms (e.g., satiety, palatability,
hedonic reward) in ways that affect both food intake and
fat mass set point. These changes in our more highly
engineered food supply include but are not limited to
antibiotics and other chemicals. Lack of exercise changes
muscle physiology in ways that appear to promote
increased food intake and preference for less healthy
varieties. Chronic stress, personal distress, and
disruption of sleep and circadian rhythms all promote
obesity and metabolic dysfunction. And the widespread
use of medications that promote weight gain add to these
effects. The net result is a pathophysiological adjustment
of the set point that often continues to rise over time.
Need to adjust physiological set point, not only
calories in or out. We have learned from clinical
observation and carefully controlled studies in animal
models that merely contesting the defense of set point is
rarely a productive strategy. The key to successful
treatment of obesity appears to be in changing the
physiological set point back toward a healthier weight, a
process that is promoted by a return to healthier, more
natural and complex foods, improved muscle function
(through regular exercise), stress reduction, improved
sleep and circadian patterns, and avoidance of weight-

promoting drugs. For effective weight loss, the number of
calories ingested needs to decrease and the number of
calories burned needs to increase. For long-term success,
however, these changes need to be mediated by the
normal regulatory processes rather than imposed by
voluntary will in an attempt to counteract those
processes. Indeed, when the willful actions contradict the
physiology, the physiology almost always wins.
Unfortunately for many if not most people with severe
obesity, the effects of these environmental and lifestyle
changes are not adequate in providing optimal long-term
weight loss or reduction in the clinical and psychosocial
complications of obesity. This is where surgery can be
most helpful. As will be discussed in the next article in
this series, many bariatric surgical procedures exert
profound effects on fat mass set point, driving down body
weight through their direct effects on the regulation of
energy balance and metabolic function. These profound
physiological effects on fat mass, glucose homeostasis,
lipid biology, and many other metabolic functions have
given rise to the concept and the growing discipline of
metabolic surgery.
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Myths Associated with Obesity and Bariatric Surgery
Myth 2

Bariatric surgery induces weight loss
primarily by mechanical restriction and
nutrient malabsorption
by LEE M. KAPLAN, MD, PhD; RANDY J. SEELEY, PhD; and JASON L. HARRIS, PhD
Original citation: Bariatric Times. 2012;9(5):12–13

B

eginning in the 1950s, several thoughtful and
creative surgeons developed a variety of
procedures to promote weight loss and combat
obesity. Based on the then-current understanding of
the causes of obesity, the goals of these surgical
procedures were to restrict the patient’s ability to
overeat and/or to prevent absorption of the ingested
calories. Over the past several decades, with the
development of new procedures, technical advances,
increased surgical experience, and improved pre-, periand post-operative care, the overall safety and
effectiveness profiles of bariatric procedures have
improved substantially. Today, bariatric surgery remains
the most effective long-term treatment of obesity by a
wide margin. Moreover, bariatric procedures have been
shown to strongly enhance the management of diabetes
and other metabolic disorders in ways that can
complement or substitute for currently available
medical therapies.

RECONSIDERING MECHANISMS OF ACTION

The uniquely high efficacy of these procedures begs
the question of how they work. Although initially
developed as a means of promoting food restriction
and/or macronutrient malabsorption, a variety of clues
suggests that these operations work by other means.
Restriction. It seems surprising that restriction of
food intake at the level of the proximal stomach would
be effective when restricting food by physically wiring a
patient’s jaw shut has been so ineffective. Indeed, after
jaw wiring, patients remain hungry and seek means of
bypassing the mechanical restriction.1
In contrast, after gastric “restriction” procedures,
most patients describe a decrease in hunger and other
appetitive drives, suggesting that these operations
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influence central nervous system (CNS) pathways that
regulate food intake.
Malabsorption. Operations that are demonstrably
malabsorptive of macronutrients, such as the jejunoileal
bypass and biliopancreatic diversion (BPD), have been
shown to be associated with decreased food intake in
both human patients and animal models. In contrast,
diseases and operations that generate isolated proteincalorie malabsorption are typically associated with an
increase in hunger and food intake as a means of
trying to counteract the missing calories. The
decreased hunger associated with “malabsorptive”
bariatric procedures suggests that these operations
primarily modulate CNS regulation of appetite.
Physiological changes. Beyond the dramatic
changes in hunger, satiety, and reward-based appetitive
drives, several additional clinical observations support a
primarily physiological mechanism of weight loss after
bariatric surgery. Few patients become underweight
after surgery unless a complication ensues. It would be
common to expect such “overshooting” if the
mechanisms were primarily mechanical. In addition,
patients who become pregnant after bariatric surgery
typically gain weight appropriately, suggesting that the
physiological changes during pregnancy can overcome
even the powerful physiological effects of bariatric
surgery. Bariatric surgery occasionally performed on
relatively thin patients (BMI<30kg/m2) or animal
models is associated with minimal weight loss.
Moreover, several gastrointestinal (GI) peptide
hormones that regulate appetite, including ghrelin,
glucagon-like peptide-1 (GLP-1), peptide YY (PYY),
CCK, and amylin, change after diversionary (bypass)
bariatric procedures and sleeve gastrectomy in ways
that are the opposite of changes induced by voluntary
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or forced dietary restriction.2,3 While not necessarily the
primary cause of the associated weight loss, the
changes in the circulating concentrations of these
hormones after surgery suggest that they contribute to
a changed postoperative physiology. In contrast, the
opposite changes observed after dietary restriction
suggest the body’s attempt at physiological counterregulation to combat the induced weight loss.4 The
absence of this counter-regulatory effect after surgery
clearly demonstrates that food restriction is not the
primary mechanism of action, at least for the various
diversionary procedures and sleeve gastrectomy. Finally,
recent studies have demonstrated that isolated genetic
manipulation can block the weight loss effects of Rouxen-Y gastric bypass (RYGB), a dramatic outcome that
would not be expected to occur if the surgery worked
primarily through mechanical (restrictive or
malabsorptive) mechanisms.

THE PHYSIOLOGICAL MODEL

Numerous recent studies in human patients and
animal models have provided strong evidence for the
physiological model of bariatric surgery. Together, they
demonstrate that these effects are fundamentally and
broadly different from the effects of weight loss by
other means, such as dietary restriction. As described in
Part 2 in this series,5 under normal circumstances, body
weight is tightly regulated by a complex network that
controls energy balance and metabolic function. A
major output of this powerful network is the defense of
an appropriate physiological set point for body fat mass.
Obesity results from one or more disruptions in this
network that lead to defense of an abnormally high set
point, and the current epidemic of obesity likely results
from the effects of changes in our modern environment
on this regulatory network. A major environmental
contributor appears to be the progressive change in the
chemical composition of the food supply, with an
abundance of homogeneous and processed foods, which
both incorporate non-natural additives (e.g.,
preservatives, trace concentrations of hormones and
antibiotics) and lack many substances (e.g., fiber,
phytochemicals, and other trace compounds) normally
present in natural foods. These ingested foods likely
alter the normal signaling from the gut to the brain and
elsewhere, thereby affecting the normal physiological
regulation of energy balance and metabolic function
(Figure 1). By altering signals emanating from the GI
tract, bariatric surgery appears to counteract these
environmental effects. Ultimately, surgery causes
changes in the regulatory network so as to reset the
physiological set point for fat mass to a level closer to
normal.
So how does bariatric surgery cause these changes?
And why are the effects so profound and durable?

Answering these questions and harnessing the resulting
understanding to develop effective but less invasive
therapies are the primary goals of the Metabolic Applied
Research Strategy (MARS) and similar research efforts.

SPECIFIC PHYSIOLOGICAL MECHANISMS

Changes in appetitive drives and energy
expenditure. Numerous human studies and preclinical
studies in animal models have demonstrated that
several bariatric procedures cause patients to
experience changes in food preference, increased
satiety, decreased hunger and reward-based eating,
improvements in glucose metabolism out of proportion
to the induced weight loss and blunting of the metabolic
adaptation (decreased energy expenditure) that
normally accompanies weight loss. Dramatically in
rodent models and to a lesser extent in human patients,
diversionary procedures, such as RYGB and BPD,
induce an increase in resting and diet-induced energy
expenditure, an effect that contributes substantially to
the associated weight loss.6 In diet-induced obese rats,
only about half of the weight loss after RYGB can be
attributed to the reduction in food intake associated
with the procedure (Figure 2), with increased energy
expenditure accounting for the rest (there is a
negligible contribution from increased caloric excretion
in the stool).
MC4R gene. The pathways underlying the
stimulation of energy expenditure after RYGB remain
largely unknown. Neuronal signaling through the
melanocortin type 4 receptor (MC4R) is known to be a
critical regulator of energy expenditure, so we
hypothesized that the MC4R signaling system might be
required for the effects of RYGB. A recent study by
Hatoum et al7 showed that genetic deletion of the MC4R
gene blocks the ability of RYGB to induce weight loss
and reduce body fat mass in mice (Figure 3).
Interestingly, only animals with deletions of both copies
of the gene MC4R were resistant to the normal
outcomes of surgery. Those with one mutated and one
normal copy of the gene responded normally to RYGB,
which explains why human patients with MC4R
mutations (nearly all of whom have only one mutated
copy) respond normally to this operation.
Gut hormones. Recognizing the powerful
physiological effects of RYGB and other bariatric
surgical procedures, we still do not know precisely how
structural alterations in the GI tract influence this
physiology. As noted previously, the levels of several gut
regulatory peptides change in a manner that could
contribute to decreased food intake and improved
glucose homeostasis. Proving their contribution is more
difficult, but studies using a pharmacological inhibitor
(exendin-9) have provided strong evidence that
increased postprandial GLP-1 levels after surgery
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FIGURE 1. Gastrointestinal regulation of energy balance and metabolic
function. In addition to its digestive and absorptive roles, the GI tract serves
as a key neuroendocrine regulator, responding to and transmitting signals
originating in the chemical structure of ingested nutrients.

FIGURE 2. Increased energy expenditure after Roux-en-Y gastric bypass
(RYGB) in rats. Pair-feeding studies demonstrate that increased energy
expenditure accounts for nearly half the weight loss after RYGB in this
model. From Stylopoulos N et al., 2009

FIGURE 3. The melanocortin type 4 receptor (MC4R) is required for weight
loss after RYGB in mice. Deletion of both copies of the MC4R gene (right
panel) prevents the sustained weight loss seen after RYGB in normal (wildtype) mice (left panel). From Hatoum IJ et al., 2012.

FIGURE 4. Changes in the set point for body fat mass after RYGB. The physiological responses that regulate both food intake and energy expenditure
are altered after RYGB. These changes generate a reduced set point that
forms the target for weight loss after this procedure. Adapted from Weigle

contribute to the improvement in insulin secretion, if
not insulin sensitivity or weight loss.8 One study using
antibodies to PYY suggests an important role of this
peptide as well.
Other changes. Beyond altered gut hormone
levels, bariatric surgery induces changes in the levels,
distribution, or activity of a variety of other factors
known to regulate energy balance and metabolic
function. These include altered vagal and sympathetic
neural activity, increased circulating bile acids, changes
in the distribution of bacteria in the gut microbiota, and
many others. The relative importance of changes in
these different systems is currently unknown, but the
dramatic changes in each of them provide further
support for the physiological basis of these operations.

Postoperative set point. Within the framework of
a physiological set point, and based upon growing
evidence in the literature, we may view bariatric
surgery as driving the defended set point to a lower
level, leading to decreased fat mass and body weight
(Figure 4). The new set point is defended similarly to
the inappropriately high preoperative set point. As a
result, dietary restriction to augment surgically-induced
weight loss is likely to be as difficult and unsuccessful
as similar attempts occurring before the operation.
However, the postoperative set point remains
susceptible to additional physiological influences, thus
explaining the retained response to pregnancy after
surgery and the continued susceptibility to the broadly
obesogenic environment that can promote late
postoperative weight regain.

DS, FASEB J. 1994;8:302–310 and Kaplan LM. J Gastrointest Surg.
2003;7:443–451.
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DISCUSSION

Despite the profound positive impact bariatric
surgery has on patient health, the percentage of eligible
patients who undergo these operations remains very
low. There are several likely reasons for this limited
utilization, including misconceptions about the causes
of obesity and the effectiveness of nonsurgical
therapies, the perceived appropriateness of a surgical
solution, and the overall risk-benefit profile of surgery.
To the degree that we misconstrue obesity as either a
primarily voluntary or behavioral problem (rather than a
primarily physiological disorder), we are likely to reject
surgery as an inappropriate solution. Such conclusions
are reinforced by overestimation of the benefit of
lifestyle or pharmacological interventions. They are
further reinforced by misapprehension of the true risks,
benefits, and costs of each of the various bariatric
procedures. Fortunately, several recent studies,
including three well-controlled and well-publicized
clinical trials, provide a more accurate picture to
patients and the general medical community.9–11
Nonetheless, the concept that surgery acts primarily
through behavioral modification, by forcing diminished
food intake or malabsorption of ingested calories, can
promote a sense of mismatch between the severity of
the disease and the invasiveness of the treatment.
Fortunately, we now know that forced behavioral
change is not the dominant outcome. Through
mechanisms that are not completely understood,
surgery alters the endogenous regulators of body
weight, body fat, and metabolic function. Bariatric
surgery can thus be considered as a particularly
powerful type of medical therapy, a “pharmacology on
steroids,” that should make it more understandable, and
thus more acceptable, to those of us who need, support,
and pay for its use.
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Myths Associated with Obesity and Bariatric Surgery
Myth 3

Vertical sleeve gastrectomy is not a
metabolic procedure
by RANDY J. SEELEY, PhD; JASON L. HARRIS, PhD; and LEE M. KAPLAN, MD, PhD
Original citation: Bariatric Times. 2012;9(6):16–17

INTRODUCTION

The term metabolic surgery has been used to
describe the important effects of at least some
bariatric procedures on a variety of metabolic control
systems. In particular, attention has been focused on
the resolution of type 2 diabetes mellitus (T2DM) in
patients after bariatric surgery. While it is difficult to
underestimate the beneficial effects of weight loss
alone to improve glucose regulation, metabolic
surgery refers to the ability to improve such
metabolic systems beyond those that are accrued
from the weight loss itself. The two procedures that
have received the most attention in terms of their
ability to produce weight-independent effects on
glucose regulation are biliopancreatic diversion
(BPD) and Roux-en-Y gastric bypass (RYGB).

VERTICAL SLEEVE GASTRECTOMY: MECHANISMS
OF ACTION

A key question becomes whether other
procedures share the ability of these two procedures
of inducing metabolic effects beyond their effect on
body weight. Vertical sleeve gastrectomy (VSG) is
often termed a “restrictive” procedure and does not
involve the rerouting of nutrients in the small
intestine that is presumably an important aspect of
both BPD and RYGB. A wide range of data for VSG
points to the notion that much of the effect of VSG
cannot be explained by its gastric restrictive
component. 1

EVIDENCE

It seems that reduction in food intake is not
directly related to the restrictive elements of VSG.
This can be seen in studies of rodent models where it
is easier to make accurate measurements of food
intake. While food intake suppression is a hallmark of
VSG immediately following surgery, Wilson-Perez et
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al2 have recently shown that after three weeks rats
increased their intake such that it was back to the
levels seen before surgery even though the stomach
itself had not increased in volume.
More dramatically, this study also showed that
rats that have been forced to lose more weight after
surgery via direct food restriction returned to their
post-VSG weight in a manner that was identical to
that of animals who had not had surgery; they did so
by increasing their food intake.2 Consequently, they
were not only capable of eating the normal amount of
food for a rat, they could eat even more when called
upon to do so.
Finally, when VSG rats were given a choice in
their food consumption, they showed a profound shift
in food choice toward less calorically dense foods.3
This stands in stark contrast to what would be
expected if the physical restriction was a primary
driver of the change in ingestive behavior since the
animal should prefer more calorically dense
substances.
Such behavioral results highlight that VSG must
have an important impact on key signals that come
from the gastrointestinal (GI) tract. It is possible that
these altered physiological signals also affect glucose
regulation in a weight-independent way. Again, a wide
range of evidence would indicate that there is a
potent effect of VSG to improve multiple aspects of
glucose regulation.

VERTICAL SLEEVE GASTRECTOMY AND GLUCOSE
REGULATION

First, in both rat and human models, VSG results
in improvement in post-prandial glucose levels, an
effect that is associated with a potent increase in the
early insulin secretory response to nutrients in the GI
tract.4 Circulating GI hormone levels are also affected
by VSG. In both rats and humans, dramatic increases
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in the secretion of glucagon-like peptide-1 (GLP-1)
occurs after meals. Another key question is whether
any of these important effects are “weightindependent.” Preliminary work in rodents would
indicate that it is. In particular, when rats were
evaluated at 14 days after VSG, RYGB, or dietary
restriction, both VSG and RYGB had larger reductions
in hepatic glucose production than the food-restricted
controls. In addition to glucose regulation, rodent
data indicate a potent and weight-independent effect
of VSG to improve plasma triglycerides.5 Such work
points to an important effect of VSG to alter the liver
in a manner that would reduce glucose levels in
patients with T2DM.

DISCUSSION

While there remains controversy about whether
RYGB is substantially superior to VSG in inducing
diabetes remission, recent data have shown that both
operations result in diabetes remission that is
substantially superior to medical management.6 It is
important to note that these results do not directly
address the clinical question of which procedure
should be the preferred metabolic surgery for an
individual with T2DM or at elevated risk for T2DM.
Further work is needed to help patients and surgeons
match the best procedure for each individual.
Nevertheless, the available data point to key
metabolic effects of VSG that appear to be far greater
than what would be expected from a purely restrictive
procedure.
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Myths Associated with Obesity and Bariatric Surgery
Myth 4

Diabetes improvement after bariatric
surgery is dependent on weight loss
by LEE M. KAPLAN, MD, PhD; RANDY J. SEELEY, PhD; and JASON L. HARRIS, PhD
Original citation: Bariatric Times. 2012;9(7):12–14

S

trategies for addressing the obesity epidemic
have reached the national and international
stage with well-publicized efforts from local,
state, and federal governments launched with
increasing regularity. A particularly important driver
of these efforts is the large and rapidly growing
burden of type 2 diabetes mellitus (T2DM), arising as
a direct result of the increasing prevalence and
severity of overweight and obese individuals. At
present, approximately 8.3 percent of the United
States population, or 25.8 million children and adults,
have diabetes, with 7 million individuals undiagnosed
and unaware of their diabetes.1 A parallel concern is
the estimated 79 million Americans with prediabetes.1
In 2010 alone, 1.9 million new cases of diabetes were
diagnosed in people aged 20 years and older.1
The cost of treating diabetes and it associated
complications was estimated to be $218 billion in
2007, and diabetes contributed to more than 230,000
deaths.1 While many effective strategies exist for
managing T2DM, success at controlling this disorder
and its complications remains elusive in many
patients.

BARIATRIC SURGERY AND ITS EFFECT ON
DIABETES

Over the past several years, there has been a
growing recognition of the highly beneficial effects of
bariatric surgery on T2DM, with a large number of
patients exhibiting what appears to be a complete
remission of this disorder.2 The high speed of the
improvement in markers of diabetes, particularly after
diversionary procedures, such as Roux-en-Y gastric
bypass (RYGB) and biliopancreatic diversion (BPD) or
duodenal switch (DS), suggest that these operations
may exert beneficial effects on diabetes independent
of the weight loss induced by the surgery. Such
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effects could best be explained by changes in the
physiology of metabolic regulation, an observation
that has given rise to the idea that these “bariatric”
procedures exert direct physiological influences. The
fact that bariatric surgery works by altering the
physiology of energy balance and weight regulation is
now clear, 3,4 but the rapid effects of several such
procedures on T2DM further underscores their direct
metabolic effects, an observation that has given rise
to the concept of “metabolic” surgery. Indeed, with
the publication of two seminal, randomized, controlled
trials earlier this year5,6 that demonstrate the powerful
effects of RYGB, vertical sleeve gastrectomy (VSG),
and BPD, there is increasing awareness and
acceptance of the use of surgery for the treatment of
T2DM.

THE SCIENCE OF DIABETES

So, how do the various gastrointestinal weight loss
surgical (GIWLS) procedures cause improvement or
remission of T2DM? It turns out that the answer to
this question is complex.
T2DM results from disorders of glucose and lipid
metabolism, a complex web of nutritional and
metabolic regulation that can be perturbed in many
ways. Central to this regulatory process is insulin, a
key regulator of carbohydrate and lipid metabolism
that is made and secreted by pancreatic beta-cells.
T2DM starts with the development of cellular
resistance to the actions of insulin, which leads to a
compensatory increase in the secretion of insulin to
overcome the resistance. The increased requirement
for beta-cell insulin secretion, combined with the
toxic effects of chronically elevated concentrations of
glucose and fatty acids on beta-cell function, cause
progressively worse dysfunction of these pancreatic
endocrine cells such that they can no longer meet the
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need for enhanced insulin secretion (Figure 1). The
reduced insulin secretory capacity, combined with the
increased need to overcome insulin resistance, causes
an effective insulin deficiency state, or diabetes
mellitus.

MECHANISMS OF ACTION IN DIABETES
IMPROVEMENT

Several pharmacological approaches are available
to treat T2DM. Some, such as insulin itself, or drugs
that stimulate beta-cell insulin secretion (e.g., GLP-1
agonists and sulfonylureas) help overcome the betacell dysfunction that underlies T2DM. Others, such as
thiazolidinediones (e.g., pioglitazone) and metformin,
enhance effective insulin signaling so that less insulin
is required to be secreted.
Metabolic surgery exerts effects that are in many
ways similar to these drugs, causing improvement in
both insulin secretion and insulin sensitivity
(signaling); however, different operations appear to
work through different mechanisms, as demonstrated
by their differing clinical effects. For example,
laparoscopic adjustable gastric banding (LAGB) has
been shown to have substantial beneficial effects on
T2DM, but these improvements occur over several
weeks and months, in parallel with the associated
weight loss. In contrast, the diversionary procedures
(RYGB and BPD/DS) and VSG induce more rapid
improvement in diabetes and appear to have effects
above and beyond those caused by the associated
weight loss alone.
As described previously, numerous studies have
demonstrated that weight loss leads to improvement
in T2DM, an unsurprising observation given the close
association between obesity and the development of
diabetes. Importantly, however, diet-induced weight
loss causes a dramatic improvement in T2DM that
begins well before significant weight loss. A similar
improvement has been shown to result from the acute
decrease in food intake that is an intrinsic component
of most diets. Since food intake is severely limited
immediately after bariatric surgery, the early
postoperative improvement in T2DM certainly results
in part from the acute drop in food intake. This
important effect cannot be the whole story, however,
since the rate of improvement varies among different
bariatric procedures, and many other operations that
require decreased postoperative food intake do not
lead to the same degree of acute improvement in
glucose regulation. Thus, we have to consider: 1) that
some of the early effects of surgery occur
independently of the decreased postoperative food
intake (and thus enhance those effects), and 2) that
different operations affect these early mechanisms
differently.

FIGURE 1. Natural history of type 2 diabetes mellitus.
Adapted from Ramlo-Halsted BA, Edelman SV. The natural history of type 2
diabetes. Implications for clinical practice. Prim Care. 1999;26(4):771–789;
LeRoith D. Beta-cell dysfunction and insulin resistance in type 2 diabetes:
role of metabolic and genetic abnormalities. Am J Med. 2002;113 Suppl
6A:3S–11S.

From the available clinical data RYGB and BPD/DS
appear to cause the most rapid postoperative
improvement in glucose regulation, with an
intermediate effect of VSG and a more gradual
improvement after LAGB. 7
Studies in animal models of RYGB and VSG8–10 have
clearly demonstrated an improvement in glucose
homeostasis that is greater than that observed by a
similar degree of food restriction alone, providing
strong evidence for a direct and immediate metabolic
effect of these procedures and differentiating them
from LAGB in this regard.
A similar effect has been shown after implantation
of an endoluminal duodenal-jejunal liner in rats,9
suggesting that the duodenal bypass component of
RYGB and BPD/DS (rather than the gastric
manipulation) is the primary mediator of this
metabolic effect in the diversionary procedures. If this
is true, however, how can we explain the direct
metabolic effect of VSG, since it does not include
duodenal exclusion? The answer to this question is
still unknown and is an important focus of ongoing
investigation.
Late after each of these operations, the acute
decrease in food intake is less profound, but of
course, weight loss is nearly universal. Since weight
loss, and particularly the substantial weight loss
induced by these procedures, is unquestionably
associated with improvement in T2DM, it is
reasonable to conclude that the weight loss is the
primary driver of the long-term improvement in
T2DM. There is no doubt that weight loss makes a
crucial contribution. However, the differences in
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TABLE 1. Remission of type 2 diabetes after bariatric procedures

STUDY

TYPE OF STUDY

PERCENT REMISSION
RYGB

VSG

LAGB

COMMENTS

Gan et al, 200711

Prospective

69

33

17

VSG group with significantly greater BMI (mean 53 kg/m2) than RYGB group
(mean 44 kg/m2)

Lee et al, 201112

Randomized,
single blind

93

47

N/A

Particularly high preoperative HbA1c (mean 10%)

Chouillard et al,
201113

Retrospective

69

33

N/A

Groups not matched for severity or duration of T2DM

Vidal et al, 200714

Prospective

62

51

N/A

4-month outcomes; groups matched for duration of T2DM, preoperative
medication usage and glycemia

Vidal et al, 200815

Prospective

85

85

N/A

12-month outcomes; groups matched for duration of T2DM, preoperative
medication usage and glycemia

Lakdawala et al,
201016

Retrospective

100

98

N/A

Groups similar in BMI and preoperative HbA1c

Abbatini et al, 201017

Retrospective

81

81

60

Groups matched for preoperative BMI

Benaiges et al, 201118

Prospective

92

86

N/A

Groups matched for preoperative BMI and HbA1c

Nocca et al, 201119

Prospective

66

82

N/A

Groups matched for preoperative BMI and HbA1c

Ruiz de Gordejuela et
al, 201120

Prospective

92

89

N/A

Groups similar in duration of T2DM and HbA1c, but VSG group with
significantly greater BMI (mean 56 kg/m2) than RYGB group (mean 46 kg/m2)

Schauer et al, 20125

Prospective,
randomized

42

37

N/A

Stringent criteria for remission of T2DM; longer average duration of T2DM

The reported remission rates of T2DM after LAGB, VSG and RYGB. For most of these studies, patients in different groups were not matched for the
severity of their diabetes. In cases where they were matched and the diabetes was severe, remission rates are generally higher after RYGB than VSG.
Different studies measured outcomes at different times after surgery.
RYGB=Roux-en-Y gastric bypass; VSG=vertical sleeve gastrectomy; LAGB=laparoscopic adjustable gastric banding; T2DM=type 2 diabetes mellitus;
BMI=body mass index; HbA1c=hemoglobin A1c

outcomes from different bariatric procedures provide
strong evidence for another, weight loss independent
mechanism, at least for RYGB, BPD/DS, and VSG (See
Table 1 for a summary of recent comparative studies).

WEIGHT LOSS INDEPENDENT MECHANISMS OF
ACTION

In the past few years, both human and animal
studies8–10 have demonstrated that the improvement in
glucose tolerance (the response to ingestion or
intravenous administration of a large dose of glucose)
after these procedures is greater than that produced
with an equivalent amount of weight loss induced by
food restriction alone. Glucose tolerance testing is an
assessment of the overall glucose regulatory system,
reflecting both insulin secretory activity and the
effectiveness of insulin action (i.e., insulin
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sensitivity). While glucose regulation and insulin
sensitivity are improved after all forms of bariatric
surgery, RYGB, BPD/DS, and VSG improve insulin
secretion to a far greater extent than seen after
weight loss alone.

CONCLUSION

So, why is this important? First, it helps us
differentiate among different procedures. All bariatric
surgery causes decreased food intake and weight loss,
both of which lead to improvements in T2DM. VSG
and diversionary procedures appear to exert an
additional effect above and beyond decreased food
intake and weight loss. This direct physiological effect
provides a means of differentiating bariatric surgery
from true metabolic surgery, and the metabolic effects
of these operations may explain the high rates of full
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remission and the durability of improvement in T2DM.
Second, the direct metabolic effects of surgery
could be particularly valuable in the treatment of
patients with T2DM without severe obesity. Many
patients with T2DM, particularly those of south or
east Asian origin, have a much lower body mass index
(BMI) than typical T2DM patients of European or
African descent. The weight loss independent effects
of these metabolic procedures may be essential to
maximizing the benefit in these lower weight
populations.
Finally, the ability of these procedures to induce
direct metabolic effects provides a unique and
valuable opportunity. The physiological mechanisms
that mediate these effects, once better understood,
could be harnessed to develop new therapies for
T2DM, such as specialized surgery, medical devices,
and drugs that complement and enhance our current
approaches. Elucidating those mechanisms and using
that understanding to develop novel therapies are
primary goals of MARS and similar efforts to address
the growing worldwide epidemic of diabetes. In the
meantime, we still have surgery itself, a regulator of
metabolic function, that is likely to have an increasing
role in the long-term management of T2DM and its
often devastating consequences.
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Myths Associated with Obesity and Bariatric Surgery
Myth 5

Patient behavior is the primary
determinant of outcomes after bariatric
surgery
by LEE M. KAPLAN, MD, PhD; RANDY J. SEELEY, PhD; and JASON L. HARRIS, PhD
Original citation: Bariatric Times. 2012;9(8):8–10

INTRODUCTION

The therapeutic effects of bariatric surgery are
clear. Compared with other treatments for obesity,
these operations routinely induce substantially more
sustained weight loss than lifestyle changes and
medication (Figure 1). Moreover, as a result of both
the weight loss itself and weight-independent
physiological effects of the gastrointestinal (GI)
manipulation, bariatric procedures lead to long-term
improvements in diabetes, other metabolic disorders,
cardiovascular risk factors, cancer outcomes, quality
of life, and overall mortality.1–7 Despite these
impressive results, however, many studies have
demonstrated that outcomes after each of these
operations vary widely from patient to patient. For
Roux-en-Y gastric bypass (RYGB), which is reliably
associated with an average 65 to 70-percent excess
weight loss (EWL), several studies8 have
demonstrated a broad distribution around that
average, with a standard deviation of approximately
20-percent EWL (Figure 2). When the distribution of
weight loss outcomes is examined for other
procedures, a similarly broad variation is observed.8 In
addition, this high degree of variability extends to
other outcomes from surgery, including the magnitude
of weight regain, improvements in diabetes, lipid
levels, hypertension, and the occurrence of adverse
metabolic and nutritional effects.

VARIATIONS IN SURGICAL OUTCOMES

Several hypotheses have been put forward to
explain these broad variations in outcome. They
include 1) major and subtle differences in technique
among surgeons, 2) differing patient behavior and
adherence with postoperative care plans, and 3)
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intrinsic, biological differences among patients. Often,
the focus is on surgical “failures,” defined arbitrarily
as a percent EWL below a particular cutoff, leading to
a search for a specific cause of the clinical failure.
However, this approach overlooks the continuous
nature of the variability with results in individual
patients distributed across a broad spectrum of
weight loss, improvement in glucose regulation, or
other outcome measures.

USING RESEARCH TO IMPROVE OUTCOMES

Understanding the basis for this variability could
improve the overall utility of surgery in two ways.
Enhancing patient and procedure selection.
First, the ability to predict beneficial and adverse
outcomes in individual patients would allow for more
effective patient selection, leading to an overall
improvement in the risk-benefit (and cost-benefit)
profile of the operation. Although we do not know to
what degree patients who fare less well with one
operation might do better with another, clinical
experience suggests that many patients who have lost
less weight with more limited procedures, such as
adjustable gastric banding (AGB), respond very well
to conversion to RYGB, sleeve gastrectomy, or
biliopancreatic diversion (BPD). Given the varied
physiological mechanisms of action of these different
procedures, it would not be surprising if individual
patients exhibited divergent responses to each of
them. This is the typical situation with medications,
where the ability to change therapies allows more
direct comparison of responses across populations.
Certainly, some operations are more effective, on
average, than others. Nonetheless, given the broad
variation in outcomes, the response of an individual
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patient may not parallel the average. For example,
some patients may be particularly responsive to
gastric banding or sleeve gastrectomy, making one of
these operations more effective for that patient than
RYGB or even BPD. If an individual patient is likely to
be particularly responsive to a specific procedure or
less likely to experience adverse nutritional or
metabolic outcomes, there would be a rational basis
for choosing that procedure for that patient over the
available alternatives.
Predicting individual results and targeting
interventions. A second important reason to seek
better understanding of the cause of patient-topatient variation in outcome is to use that
understanding to improve results in those patients
predicted to fare less well. Thus, an improved ability
to predict outcomes, by enhancing patient and
procedure selection and by facilitating targeted
complementary interventions (e.g., more intensive
follow up, specific dietary programs, or weight loss
medications) to improve outcomes in individual
patients, would enhance the overall benefit of each
procedure, further improving their risk- and costbenefit profiles. Because such complementary
interventions could be selectively targeted to the
patients who most need them, their overall cost would
be minimized.

FIGURE 1. Relative effectiveness of obesity treatments
Comparison of short and long-term weight loss after lifestyle modification,
adjustable gastric banding, and Roux-en-Y gastric bypass. Lifestyle
modification outcomes data are from the results of the NIH-sponsored
Diabetes Prevention Program (Knowler WC, Fowler SE, Hamman RF, et al.
10-year follow-up of diabetes incidence and weight loss in the Diabetes
Prevention Program Outcomes Study. Lancet. 2009 November 14;
374(9702): 1677–1686.), which revealed that even this modest weight loss
was associated with a 50-percent reduction in the development of type 2
diabetes over a four-year period. Surgery outcomes data are from the
results of the Swedish Obesity Subjects (SOS) study (Sjöström L, Narbro K,
Sjöström CD, et al; Swedish Obese Subjects Study. Effects of bariatric
surgery on mortality in Swedish obese subjects. N Engl J Med.
2007;357(8):741–752.). Although longer-term data are not available for
lifestyle modification, a recent report from the SOS study revealed that
RYGB-associated weight loss remained stable between 10 and 20 years
after surgery (Sjöström L, Peltonen M, Jacobson, P, et al; Bariatric Surgery
and Long-term Cardiovascular Events. N Engl J Med. 2012;307(1):56–65.).

OTHER FACTORS IN WEIGHT LOSS SURGERY
SUCCESS

So what accounts for the variable response to
bariatric and metabolic surgery? Patients’ postoperative behavior has long been postulated as a
determinant factor. While lifestyle and behavioral
patterns certainly play a role in post-operative
outcomes—as they do for medical and surgical
interventions for many diseases—there are other
important factors that correlate strongly with
outcomes of specific bariatric procedures.
Clinical contributors. Several studies have
identified clinical contributors to surgical outcomes.
Hatoum et al,9 for example, demonstrated several
clinical measures that are associated with significantly
better weight loss after RYGB, including lower
preoperative body mass index (BMI), absence of type
2 diabetes mellitus (T2DM), higher capacity for
physical activity, higher education level, and greater
participation in postoperative care. Together, these
variables account for a substantial portion of the
variation in weight loss, but do not provide sufficient
discriminatory power to drive clinical decisionmaking. For example, although the presence of T2DM
is associated with significantly diminished weight loss
after RYGB, diabetes itself—particularly inadequately
controlled T2DM—can be a strong indication for

FIGURE 2. Distribution of weight loss after Roux-en-Y
gastric gypass.
These data demonstrate the wide variability and normal distribution of
weight loss after RYGB. Similar results have been reported in studies from
multiple centers and for several different bariatric operations. From: Hatoum
IJ, Greenawalt DM, Cotsapas C, et al. Heritability of the weight loss
response to gastric bypass surgery. J Clin Endocrinol Metab.
2011;96(10):E1630–E1633.

surgery. 6,7 Active participation in post-operative care
clearly enhances the efficacy of RYGB, but with a
strong clinical indication for surgery, does the
inability to participate actively substantially negate
the benefits of surgery? Should anticipated failure of
participation be a strong contraindication to this
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FIGURE 3. Correlation between genetic relatedness and
outcome after RYGB.
These results, from an analysis of 1018 patients undergoing RYGB at a
single center, show an average 22% difference in excess weight loss (EWL)
between any two (randomly chosen) patients in this cohort. In contrast,
weight loss is far more similar in genetically related patients. In pairs of
first-degree relatives (parent-child or sibling pairs), there is an average 9%
difference in EWL, and in identical twins, the average difference in weight
loss is 1.5%. The similarity in outcome in genetically related patients is not
seen in pairs of cohabitating patients who share the same home
environment but are genetically unrelated.
Adapted from: Hatoum IJ, Greenawalt DM, Cotsapas C, et al. Heritability of
the weight loss response to gastric bypass surgery. J Clin Endocrinol
Metab. 2011;96(10):E1630–E1633. and Hagedorn JC, Morton JM.Nature
versus nurture: identical twins and bariatric surgery. Obes Surg.
2007;17(6):728–731.

operation? Opinions vary, but evidence to support
using the known clinical predictors to determine
whether to operate and which procedure to use are
sparse. Similarly, currently known predictors have
limited utility in choosing patients for surgical
treatment of T2DM. The response of T2DM to surgery
is more robust in patients who have been diagnosed
more recently (typically less than 5 years earlier),6
with full remission inversely associated with the
duration of disease.10 Nonetheless, for patients with
T2DM inadequately controlled with lifestyle
modification and medications, the benefits of surgery
can be profound, even in patients with longstanding
disease. Given all of this, the need for more clinically
useful predictors is clear.
As described in parts 2 and 5 in this series,11,12 the
preponderance of evidence indicates that most
bariatric procedures alter the physiology of energy
balance and metabolic regulation, and that biological
mechanisms largely account for the efficacy of these
operations. In this context, the variable response to
surgery most likely reflects variation in patient
susceptibility to the physiological effects of surgery.
In other words, variation in the pathophysiology
underlying obesity (and diabetes) in different patients
likely contributes to the patient-to-patient variability
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in clinical response. If so, we should be able to
identify objective markers of this biological variation,
such as blood levels of key signaling molecules,
results of physiological testing, or DNA variations.
Genetic variation. Indeed, several recent
publications suggest that genetic variation plays a
significant role in determining weight loss after RYGB.
Based on analysis of approximately 1,000 patients
undergoing RYGB at a single center, Hatoum et al 13
observed that patients who were genetically related
exhibited similar weight loss. In this study, patients
were separated into three groups: 1) those who were
completely unrelated to each other, 2) those who
were first-degree genetic relatives (parent-child or
sibling relationships), and 3) those who were
environmentally related (i.e., genetically unrelated
but sharing the same household). Random pairing of
the unrelated patients showed that, on average, EWL
in the two patients in each pair differed by more than
20 percent (Figure 3).13 Similar results were seen
when comparing EWL in the pairs of cohabitating (but
genetically unrelated) patients. However, EWL in
members of the pairs of genetically related patients
differed on average by only nine percent,
demonstrating a strong genetic contribution to weight
loss after this operation. The dramatic contribution of
genetic background to outcomes of RYGB is further
reinforced by two case series that describe RYGB in
four pairs of identical twins (the two members of each
pair sharing 100% of their genes).14 Within each twin
pair, postoperative weight loss was highly similar, with
EWL differing by an average of only 1.5 percent
(Figure 3). Thus, knowing the outcome of RYGB in
one twin would provide an accurate estimate of the
outcome in the other, neutralizing the high outcome
variability observed in the general, genetically diverse
population.
So, if genes are important for surgical outcomes,
which genes are responsible? A few recent studies
that have examined whether any of the genes known
to contribute to obesity, diabetes, or other metabolic
disorders also help determine outcomes after RYGB.
To date, none of these genes clearly regulates RYGB
outcomes, although Still et al15 have observed that a
“cocktail” of different genes can account for some of
the observed variation in postoperative weight loss.
One particular gene that has been the subject of more
intensive study is the gene encoding the
melanocortin-4 receptor (MC4R). Mutations in this
gene are the most common form of human genetic
obesity with up to five percent of patients with severe
obesity harboring one of these mutations.16 In mouse
models, complete deletion of the MC4R gene reduces
the ability of RYGB to cause weight loss.16 However,
the situation in human patients is less clear, since we
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have found no one with severe mutations in both
copies of the MC4R gene who has undergone
uncomplicated gastric bypass. Whether more subtle
variations in the MC4R gene account for some of the
variable response to RYGB is also unclear. Two
recently published studies16,17 have had conflicting
results, and more work needs to be done to reconcile
the data.
Since the obvious “candidate” genes do not appear
to account for the strong genetic contribution to
weight loss after RYGB, a broader search needs to be
undertaken to find the responsible genes. The first
such search is currently underway, with results
expected later this year. These are the first steps in
exploring the new field of “surgicogenomics,” the
surgical analogue of pharmacogenomics—the use of
genetics to predict outcomes and guide the use of
medical therapies. The recognition of complex
biological (physiological and genetic) determinants of
surgical outcomes for individual patients that
complement and may even outweigh variations in
patient compliance or surgical technique provides new
opportunities for more effective use of bariatric and
metabolic surgery.

FINAL THOUGHTS

The ability to predict outcomes by whatever
means (clinical traits, genetics, biomarkers, or some
combination thereof) could allow for improved
selection of surgical patients and more sophisticated
and effective procedure selection for individual
patients. In addition, by providing enhanced guidance
to surgeons, patients, and referring physicians,
providing rational predictive strategies could help
demystify surgery, reducing the associated stigma and
conceptual barriers that often prevent patients from
benefiting from these powerful therapies.
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T

he epidemic of obesity and its associated comorbid
conditions impose an increasingly large burden on
society—from the individuals affected to the
healthcare systems that provide treatment and the
employers, governments, and others who underwrite the
associated economic costs. There is an urgent need for
better treatments of these problems; however, the
development and implementation of solutions has been
hindered by the complexity and ubiquity of the problem and
the widely held perception that obesity is simply a problem
of free choice and self control rather than being a disease in
the classic, pathophysiological sense. Lifestyle modification
has been viewed as the best solution for this problem.
Indeed, lifestyle change provides the most common path to
durable control of obesity and its complications.
Unfortunately, however, its overall efficacy in patients with
established obesity, especially moderate-severe obesity, is
low (in the range of 1–5% substantial, long-term efficacy).1
There is strong evidence supporting bariatric surgery as
an effective treatment for patients with moderate-to-severe
obesity. Recently published data from the Swedish Obesity
Subjects Study that included vertical banded gastroplasty,
adjustable gastric banding, and Roux-en-Y gastric bypass
(RYGB) demonstrated an average 18 percent total weight
loss 20 years after surgery.2 In this study, RYGB, the current
standard of bariatric procedures, was associated with an
average 25 percent total weight loss at 20 years.2 These data
are in stark contrast to the results reported for patients
obtaining nonsurgical obesity treatments at the same
centers, who exhibited an average one percent total weight
loss at 20 years.2 Despite the impressive weight loss after
bariatric surgery and the associated improvements in
mortality and numerous other measures of health,2–9
adoption of bariatric surgery remains low. Reasons for its
limited utilization among surgically eligible patients vary, but
liklely include the invasiveness (anatomical manipulation,
tissue removal, presence of an implant), patients’ lack of
knowledge about its efficacy and the durability of the
benefits, the associated direct and indirect costs to the
patient, and an overall lack of awareness of the available
options. Regardless of the reasons, there clearly is a large
unmet need for effective therapies for the many people with
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obesity who do not currently undergo bariatric surgery
(Figure 1).
This article, the last in a series highlighting the Metabolic
Applied Research Strategy (MARS) initiative supported by
Ethicon Endo-Surgery, summarizes key findings about the
mechanisms of action underlying bariatric surgery and
discusses how they can guide the development of novel
strategies and therapies to address this unmet need. Based
on recent studies published in the scientific and medical
literature and illuminated in this series, our view of obesity
and its associated metabolic disorders has changed from a
perceived flaw in behavior or character to an effect of
disruption in the complex physiological network regulating
energy balance and metabolic function. Operations that
influence the function of this complex physiological network,
such as RYGB or vertical sleeve gastrectomy (VSG), may be
viewed as metabolic surgery defined here as alterations of
the gastrointestinal (GI) tract that affect cellular and
molecular signaling leading to a physiologic improvement in
energy balance, nutrient utilization, and metabolic disorders.
Findings from MARS can be used to influence
investments in novel therapy development. The third article
in this series refutes the belief that bariatric surgery induces
weight loss primarily by mechanical restriction and nutrient
malabsorption.10 One key implication of this observation is
that new therapies need not preferentially exploit
mechanical manipulations of the GI tract with the express
goal of inducing mechanical restriction or limiting absorption
of ingested nutrients. Therapies targeting physiological
mechanisms known to mediate outcomes from procedures
like RYGB may have a higher likelihood of success. One such
target identified through the MARS initiative is the selective
activation of brown adipose tissue (BAT), a key physiological
regulator of energy expenditure following RYGB. Stylopoulos
et al11 report that increases in energy expenditure may
account for up to half of the weight loss associated with
RYGB in several preclinical models. Further evidence
suggests that RYGB induces significant activity in BAT.12
Thus, novel methods to chronically and selectively activate
BAT through minimally invasive approaches may be an
attractive therapy for obesity.
Using a rodent model of ileal interposition (transposition)
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surgery (IIS), Kohli et al13 observed profound changes in the
serum bile acid profiles in animals receiving IIS compared to
sham-operated controls. These changes corresponded with a
reversal in several components of the metabolic syndrome in
animals without significant changes in body weight. These
effects suggest that selective modulation of bile acid
signaling through bile diversion or other means may be an
attractive and novel approach to the treatment of the
metabolic syndrome. An improved understanding of the
mechanisms underlying the changes in bile acid signaling
following IIS should further guide the development of such
therapies.
While the magnitude of the therapeutic benefits from
either isolated BAT activation or bile diversion remains
unknown, targeted manipulation of these physiological
systems may be achieved less invasively and consequently
with less risk than with existing surgical procedures. Used
alone or as a means of augmenting the efficacy of existing
metabolic operations, such novel therapies could
substantially widen the population that benefits from
therapies that target the GI tract. As an example, adjustable
gastric banding, a procedure that has been shown not to
increase energy expenditure or alter bile acid signaling, may
be an ideal candidate for augmentation by one or both of
these approaches.
Insights from the MARS initiative also raise new questions
about which patients will respond best to which procedures,
not based solely on their psychological, behavioral, or similar
profiles, but on their physiological and genetic makeup. The
sixth article in this series describes studies that indicate that
patient behavior is not the primary determinant of outcomes
after bariatric surgery.14 While clinical measures, including
pre-operative body mass index (BMI), type 2 diabetes
mellitus (T2DM) history, capacity for physical activity,
education level, and participation in postoperative care, are
associated with significantly better weight loss after RYGB,15
they do not provide sufficient discriminatory power to drive
clinical decision making. Recent reports suggest a significant
genetic contribution to outcomes following RYGB,16 and
studies to identify those genetic factors are ongoing. With an
improved understanding of the key factors that influence
weight loss and other benefits of bariatric surgery, better
prediction of outcomes will be possible, enhancing patientphysician communication and clinical decision-making, and
leading to improved matching of patients and procedures.
The path to new therapies for the treatment of obesity
and its associated comorbid conditions is filled with
significant hurdles, including complex physiology, incomplete
understanding, social stigma, and a stringent regulatory
environment. Despite the enormous unmet clinical need,
these factors have hindered new advancements in therapy.
Better insights into the complex pathophysiology of obesity
and metabolic disease as well as innovative strategies for
developing effective therapies are essential if we are to
succeed where others have failed. The MARS initiative is one
such approach. By deconstructing the mechanisms of action
of metabolic surgical procedures already proven to be
effective, we can accelerate the development of novel
therapies to help this large and underserved population.
Through MARS and similar efforts supported by various
health institutes and corporations around the world, new

FIGURE 1. Comparisons among different treatments for obesity.
Representation of relative procedure outcomes (e.g., weight loss,
improvements in health and comorbid conditions, reductions in
medications, etc.) and constraints to adoption (e.g., direct and indirect
patient costs, procedure invasiveness, durability of effectiveness, and
procedure awareness) for various treatments for obesity.

tools will be developed to improve understanding and education,
enhance outcomes for existing therapies, and provide fresh
solutions to this global and burgeoning problem.
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