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Foreword

Recent epidemiologic studies have noted a plateauing of obesity rates in the USA 
following decades of steady escalation. Currently, 34.9 % of the US adult popula-
tion is considered obese, as defined by a body mass index of 30 or greater, which 
has been stable in the years 2011–2012 as compared to 2003–2004 [1]. However, 
these statistics belie that severe cases of obesity have escalated at a more dramatic 
rate than general obesity. Between the years 1986 and 2000, the prevalence of 
BMI 40 or greater quadrupled to one in 50 Americans and the prevalence of BMI 
of 50 or greater increased fivefold [2]. Currently, 6.4 % of the US adults are classi-
fied as extremely obese (BMI 40 or greater), [1] having important implications for 
prognosis and treatment.

In 2013, the American Medical Association recognized obesity as a disease. 
This designation underscores the scientific literature that has linked obesity to 
appetite dysregulation, abnormal energy balance, endocrine dysfunction, and 
dysregulated signaling from adipocytes (fat cells) resulting in cardiometabolic 
morbidity [3]. In short, excess adipocity results in an aberrant physiology or 
pathophysiology that necessitates long-term treatment and prevention.

There have been significant advances in both the medical and surgical treat-
ment of obesity. Recent years have seen the development of new pharmacologic 
agents approved for long-term treatment. Combination phentermine/topiramate, 
trade name Qsymia, is a combination of two well-established drugs. Phentermine, 
a commonly used appetite suppressant was coupled with topiramate, initially FDA 
approved as an anti-epileptic, but was found to result in weight loss and likely 
secondary gabaminergic appetite suppression in the brain. Combination phenter-
mine/topiramate has been shown to result in up to 10.7 % total weight loss [3] and 
improvement of cardiometabolic measures including blood pressure, glycemic 
abnormalities, and lipids including HDL and triglycerides [4]. A second agent, 
lorcaserin, selectively agonizes hypothalamic serotonin receptors specifically 
involved in appetite control. In contrast to historic nonselective serotonin agonists 
which resulted in valvulopathy and were subsequently removed from markets, lor-
caserin does not result in statistically significant valvulopathy [6] and has proven a 
modest weight loss of 5 % with improvement in cardiometabolic abnormalities [7]. 
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Most recently, the FDA approved combination naltrexone/bupropion, trade name 
Contrave, for the treatment of obesity with weight loss intermediate to that of lor-
caserin and phentermine/topiramate. Bupropion reduces food intake by acting on 
hypothalamic anorectic pathways while naltrexone is believed to enhance satiety 
by blocking auto-inhibition of these pathways. [8] These drugs have all demon-
strated successful weight losses of 5–10 %, the threshold at which improvements 
in obesity related comorbidities are achieved. Finally, liraglutide, a GLP-1 agonist 
currently approved for the treatment of type II diabetes, has demonstrated promis-
ing weight loss in obese, non-diabetic subjects. A study in Europe reported weight 
losses as high as 7.2 kg compared to 2.8 kg in the placebo arm [9]. This medica-
tion has been favorably reviewed by the FDA and is expected to become available 
later in 2015 as a pharmacologic treatment option for non-diabetic obese. Future 
strategies will likely capitalize on combination therapy and biologics as promising 
pharmacologic treatment options.

Surgical treatment of obesity has also evolved dramatically in recent years. 
The laparoscopic approach has proven not only feasible, but the mainstay owing 
to reduced complication rates and quicker recovery time [10]. Sleeve gastrectomy, 
previously considered a staged procedure, has demonstrated comparable efficacy 
to other bariatric procedures in regards to weight loss and comorbidity reduction, 
[11] and therefore has seen a dramatic increase in use while use of adjustable gas-
tric banding has declined in the USA [12]. Clinical data has continued to emerge 
regarding morbidity reduction in bariatric surgery patients, particularly in the area 
of diabetes [13–15], as has a greater understanding of potential mechanisms of 
weight loss and metabolic improvement including incretin effects of surgery [16]. 
Overall, the number of bariatric surgeries has increased in the USA over the last 
several decades leaving the long-term management of the bariatric surgery patient 
to the primary care practitioner.

Lifestyle modification remains the cornerstone of obesity therapy irrespective 
of adjunctive pharmacotherapy or surgery. Recent studies have supported the effi-
cacy of lifestyle modification in reducing weight and improving comorbidities. 
The Look Ahead (Action for Health in Diabetes) trial, a multicentered trial com-
pleted in 2013, attempted to demonstrate the benefit of intensive lifestyle modi-
fication in the reduction of cardiovascular endpoints. While the primary endpoint 
was not accomplished, this large cohort did confirm the favorable effects of life-
style modification in weight reduction and reaffirmed behavioral predictors of 
weight loss such as attendance of group support and education [17].

It has been well established that obesity results in significant medical and psy-
chosocial comorbidity as well as an increased hazard ratio for all-cause mortal-
ity [18]. Obesity also results in significant health-care costs [19] and collateral 
costs owing to absenteeism and reduced productivity [20]. As a result, numerous 
professional societies and medical advisory boards have mandated that obesity 
be identified, diagnosed, and treated. Despite this directive, obesity remains both 
underdiagnosed and undertreated. In one study of 845 million outpatient visits 
in the USA, only 29 % of visits by patients who were obese according to BMI 
had a documented diagnosis of obesity [21]. Furthermore, recent studies have 
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noted a decline in weight-related counseling by primary care practitioners. In one 
study, only 6.2 % of patients in a large sample of 32,519 adult primary care visits 
received counseling on diet, exercise, or weight-related issues. [22] Finally, in a 
survey of 5000 primary care physicians, less than half felt competent in prescrib-
ing weight loss programs and less than one fourth would refer a patient who met 
appropriate criteria for obesity surgery to a surgeon for evaluation [23]. Cited rea-
sons in the literature by providers for lack of counseling and or treatment include 
lack of training in nutrition and obesity, perceived inability to change patient 
behaviors, lack of confidence in effectiveness of treatments, and the belief that 
patients are not motivated to undertake necessary treatments [24].

In response to these barriers to the treatment of obesity, we have collaborated 
to create a text aimed not only at educating practitioners about obesity, but also 
providing practical strategies in the comprehensive approach to treat this disease. 
There are inherent redundancies so that the busy clinician can use this text as a ref-
erence. However, the text is comprehensive enough to allow a thorough overview 
of obesity therapy for the clinician who wishes to read this text from start to finish. 
Despite recent reports heralding a leveling of obesity rates, it remains that one in 
three Americans are obese. These alarming statistics warrant aggressive diagnosis 
and treatment of obesity.

Adrienne Youdim, MD, FACP
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Chapter 1
The Disease of Obesity

Viorica Ionut and Richard N. Bergman

© Springer Science+Business Media New York 2015
A. Youdim (ed.), The Clinician’s Guide to the Treatment of Obesity,   
Endocrine Updates 33, DOI 10.1007/978-1-4939-2146-1_1

V. Ionut () · R. N. Bergman
Diabetes and Obesity Research Institute, Cedars-Sinai Medical Center,  
Los Angeles, CA, USA

Obesity is defined as “abnormal or excessive fat accumulation that may impair 
health” [1]. The extent to which obesity has impacted the USA and world popula-
tion is astounding: More than one third of the US adults (35.7 %) and approximately 
17 % (or 12.5 million) of children and adolescents aged 2–19 years are obese [1]. 
The alarming increase in obesity prevalence, the consequences on the personal 
health and on the health-care system (obesity contributes to over 112,000 deaths 
annually), and the relative lack of success in various interventions is undeniable. 
In June 2013, the American Medical Association recognized obesity as a disease 
requiring a range of medical interventions to advance obesity treatment and preven-
tion.

Obesity has become an epidemic recently, but obesity is as old as humankind. 
We have evolved to defend our body mass, and to store excess energy as fat.

The concept that we are “wired” to store fat as a source of energy in times of 
abundance in order to be used in times of famine is called the “thrifty gene” hypoth-
esis and seeks to explain the high rates of obesity and diabetes in modern popula-
tions, though its validity has been challenged lately [3]. A great example of the 
resources provided by stored fat is given by Spiegelman and Flier: An obese human 
of 250 lb. would in theory survive a fast of approximately 150 days, just using their 
fat stores (triglycerides have the highest energy content of all nutrients at 9 kcal/g 
and are stored in anhydrous form, increasing their efficiency as fuel) [4].
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Etiology of Obesity

Though obesity was rare before the twentieth century, it was nevertheless known, 
and usually associated with wealth and prosperity. Thus, the cause appeared obvi-
ous: An excess of food intake, and in some cultures, such as classical Greek and Ro-
man, obesity was considered largely the result of a lack of willpower, and associated 
with gluttony and other character flaws [5]. Until the advances of modern science, 
obesity was deemed to be simply the result of an imbalance between energy intake 
and energy expenditure resulting in energy accumulation as fat stores, and techni-
cally, it is so. However, we know now that obesity is the result of both genetic, 
environmental, and psychosocial factors, and has numerous contributors, some of 
which are summarized in Table 1.1, Fig. 1.1 [6, 7]

Obesity is defined by the World Health Organization using the body mass index 
(BMI): Obese refers to any person with a BMI greater than or equal to 30 [1]. BMI 

Table 1.1   Factors contributing to obesity
Changes in diet
 Hypercaloric (energy dense)
 High fat
 High saturated fat
 Increased portion size
Less physical activity
 Less manual/physical work
 Increased use of cars
Sleep: less sleep, poor quality
Stress
Drug therapies that promote weight gain
 Antipsychotics
 Diabetes medication
 Contraceptives
 Steroids
Less smoking (nicotine promotes appetite suppression)
Maternal—gestational weight gain that favors obesity in offspring
Other putative factors
 Plastics (endocrine disruptors)
 Pollution (endocrine disruptors)
 Less thermogenesis?
Genetics
 FTO gene
 Genetic syndromes (such as Prader-Willi)
Microbial and viral factors
 Gut flora
 Viruses associated with obesity
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(a person’s weight in kilograms divided by the square of his/her height in meters 
(kg/m2)) is the most popular index, having the same reference values for both sexes 
and all ages. However, the BMI may not reflect most accurately a person’s adiposity 
levels. Other measures and indices are needed to reflect the actual body fat percent-
age and, more importantly, fat distribution, as visceral fat (the so-called apple shape) 
appears to have more deleterious effects on health than subcutaneous fat, deposited 
preferentially around hips, and resulting in the “pear shape” pattern.

Assessment of obesity, adiposity, and fat distribution can be done through a vari-
ety of methods, from the simplest ones, requiring just a tape measure, such as body 
adiposity index (BAI, calculated as (hip circumference(cm)/(height(m))^1.5) − 18) 
[8] or waist-to-hip ratio, WHR; or requiring tape and scale (BMI) to the most so-
phisticated technology (e.g., magnetic resonance imaging, MRI; Table 1.2) [9].

Table 1.2   Methods to assess adiposity and obesity
Indices

 BMI
 BAI
 Waist circumference
 Waist-to-hip ratio

Skinfold thickness
Underwater weighing (densitometry)
Air displacement plethysmography (BodPod)
Dilution method (hydrometry)
Bioelectrical impedance weighing scale
Dual energy X-ray absorptiometry (DEXA)
CT and MRI (percent fat, distribution)
Intra-organ fat quantification (MRS)

BMI body mass index, BAI body adiposity index, CT computerized tomography, MRI magnetic 
resonance imaging, MRS magnetic resonance spectroscopy

Fig. 1.1  Venus of Willendorf (c. 25,000 BC);  Olmec figurine of an obese seated figure (c 400 
BC); Daniel Lambert - portrait by Benjamin Marshall (c. 1806)
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But how do we get here? How is energy homeostasis regulated such that if 
chronically energy intake exceeds energy expenditure we end up obese?

Control of Energy Homeostasis

Food intake and energy expenditure are controlled by the brain, which integrates 
a large variety of signals and generates behavioral and physiological changes. The 
main area of the central nervous system (CNS) that regulates energy homeosta-
sis is the hypothalamus, specifically the arcuate nucleus (ARC), paraventricular 
nucleus (PVN), the lateral hypothalamic area (LHA), the ventromedial hypothala-
mus (VMH), and the dorsomedial hypothalamus (DMH). In addition to the hypo-
thalamus, neural systems in the brain stem, cerebral cortex, olfactory areas, and 
elsewhere are involved. There are two types of neurons that control food intake: the 
anorexigenic neurons that co-express proopiomelanocortin (POMC), cocaine- and 
amphetamine-regulating transcript (CART), and nesfatin and the orexigenic neuro-
peptide Y–agouti-related protein–gamma -aminobutyric acid (NPY/AgRP/GABA) 
neurons. Activation of the POMC neurons results in the release of α-melanocyte-
stimulating hormone (α-MSH) from POMC axon terminals, leading to inhibition 
of food intake and increase in energy expenditure. Conversely, the activation of 
NPY/AgRP/GABA neurons leads to increases in AgRP, which inhibits melanocor-
tin cells, and has the opposite effect: stimulation of food intake [10]. It is important 
to mention that the reverse is not true; the unidirectionality of NPY–POMC neurons 
inhibition thus reflects the wiring of the system towards favoring positive energy 
balance, which in turn provides an explanation why gaining weight is easy but los-
ing it is hard [11].

The presence of a meal results in nutrient-activated signals: the nutrients them-
selves (glucose, free fatty acids, and amino acids), hormonal release, or generation 
of neural signals. But unlike, for example, glucose homeostasis or sodium balance 
regulation, food intake, and energy balance regulation have an important hedonic 
and cultural aspect. Thus, one has to distinguish between physiologic and reward-
driven circuits of energy homeostatic regulation. In addition, the signals for short-
term (meal-related) and long-term (related to adiposity) regulation are sometimes 
overlapping, but certainly not identical.

The synthesis and release of these brain peptides involved in energy homeosta-
sis are regulated by neural, hormonal, and metabolic-regulated signals related to 
meals, and control hunger and satiety: mostly gastrointestinal (hormones like cho-
lecystokinin (CCK), glucagon-like peptide 1 (GLP-1), peptide YY (PYY)) as well 
as plasma glucose and amino acids but also others such as body temperature. The 
long-term circuits signal adiposity stores via leptin and insulin and are involved in 
regulating energy expenditure as well (Table 1.3) [12].
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Gut Hormones

The gut secretes over 40 hormones with diverse cell localization and clustering. As 
expected, a large number of these hormones are related to nutrient sensing, relaying 
of information about nutrient amount and type, and to orchestration of energy bal-
ance and glucose, lipid, and protein.

CCK is a duodenal peptide released after high lipid and protein meals. It stimu-
lates gall bladder contraction, exocrine pancreatic secretion, and inhibits gastric 
emptying and food intake through stimulation of vagal nerve endings. Moreover, 
there are recent data that CCK interacts with long-term signals of energy balance: 
CCK1R expressing neurons of the vagus also express receptors for ghrelin, orexin, 
cannabinoids (CB1), and leptin. CKK appears to control the expression of G-pro-
tein-coupled receptors and neurotransmitters involved in the control of food intake, 
further contributing to this regulation [15, 16].

Ghrelin, secreted by the P/D1 stomach cells, is a potent orexigenic hormone. 
Ghrelin levels increase before meals and decrease after meal ingestion, suggest-
ing that ghrelin acts on the hypothalamic centers to promote meal initiation. Ghre-
lin infusion promotes food intake in humans, and it appears to change respiratory 
quotient, suggesting a role in energy expenditure. Ghrelin promotes food intake 
and adiposity by acting on brain centers, and is a weight regulator. In addition, 
ghrelin acts on vagal afferents in the gastrointestinal area to inhibit the effects of 
CCK and leptin [17, 18]. Ghrelin concentration in plasma is inversely related to 
fat mass; obese people have lower levels of ghrelin, but post-meal ghrelin levels 

Table 1.3   Signals that regulate food intake and energy balance. (Adapted from refs [12–14])
Positive energy balance Negative energy balance
Proximal
 NPY
 AgRP
 Orexin A and B
 MCH
 Norepinephrine (α2, β-adrenergic)
 Endocannabinoids

Proximal
 POMC/ α-MSH
 CART
 Norepinephrine (a1 agonists)

Distal
 Ghrelin

Distal
 CCK
 GLP-1
 Oxyntomodulin
 PYY
 Amylin
 Adiponectin (increases energy expenditure)
 Pancreatic polypeptide PP
 Serotonin
 Insulin
 Leptin

AgRP agouti-related peptide, NPY neuropeptide Y, MCH melanin-concentrating hormone, POMC 
proopiomelanocortin, MSH melanocyte-stimulating hormone, CART cocaine- and amphetamine-
regulating transcript, GLP-1 glucagon-like peptide 1, PYY peptide YY, CCK cholecystokinin
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remain higher than in lean people. Patients with Prader–Willi syndrome have high 
ghrelin levels, and consequently suffer from increased appetite, hyperphagia, and 
obesity. A disturbed gut–brain ghrelin axis has been suggested as one of the causes 
of anorexia nervosa [19].

GLP-1 is a 30-amino-acid peptide released from L cells in response to meal 
ingestion. L-cell stimulation increases not only GLP-1 but also GLP-1-related pep-
tides, all derived from the same proglucagon molecule (glicentin, oxyntomodulin, 
intervening peptide-2, and GLP-2), as well as PYY. GLP-1 is a major insulinotropic 
hormone, but it also inhibits food and water intake and promotes satiety [20]. A 
meta-analysis of studies investigating the effect of GLP-1 on food intake found 
that GLP-1 reduced ad libitum caloric intake by 12 % in normal or obese humans 
[21]; subcutaneous administration of recombinant GLP-1 to obese humans reduced 
caloric intake by 15 % and produced weight loss [22]. A number of drugs based 
on GLP-1 and currently used for diabetes therapy (GLP-1 agonists and dipeptidyl 
peptidase IV (DPP-IV) inhibitors) have taken advantage of these effects and are 
currently investigated as obesity treatments. The GLP-1 agonists exenatide and li-
raglutide, which have longer half-life than the native compound, have been shown 
to inhibit food intake and promote weight loss (2.8–3.2 kg in one meta-analysis) 
[23]. The other group of GLP-1-based drugs, the DPP-IV inhibitors (sitagliptin, 
vildagliptin, linagliptin, saxagliptin, alogliptin), are weight neutral, a significant 
advantage in treating type 2 diabetes, since many anti-diabetes therapies result in 
weight gain [24].

PYY is a 36-amino-acid member of the polypeptide family that also includes 
NPY and pancreatic polypeptide. Though part of a different peptide family, PYY 
has many similarities with GLP-1. Like GLP-1, it is released by the L cells of the 
gastrointestinal tract, mainly in the ileum and colon, as well as by the brain. PYY 
is co-secreted from L cells with GLP-1 in response to meal stimulation (probably 
by both direct contact with luminal nutrients and via neural and endocrine mecha-
nisms). PYY inhibits gastric emptying and intestinal motility, being part of the “il-
eal brake” together with GLP-1. Its active form PYY 3-36 inhibits food intake by 
binding to Y-2 neuronal receptors and inhibiting the release of NPY [25, 26].

Other Hormones

Leptin is an adipocyte-derived hormone, an adipokine. Plasma leptin concentra-
tion correlates with body fat content and signals the adipose reserves: High leptin 
reduces food intake by inhibiting NPY/AgRP neurons and stimulating the α-MSH 
neurons. Leptin is an important signal for starvation: Low leptin increases food 
intake and suppresses energy expenditure; conversely, leptin is usually increased 
in obese subjects. Mice deficient in the leptin gene ( ob/ob mice) or in the leptin 
receptor gene ( db/db) mice are examples of genetically induced obesity, since the 
absence of the hormone or its receptor drives increased food intake and low energy 
expenditure resulting in obesity. Several medical conditions are associated with low 
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leptin: lipodystrophy, hypothalamic amenorrhea, and anorexia nervosa. In contrast, 
obese patients have high leptin levels; diet-induced weight loss results in a decrease 
in plasma leptin concentration, which could contribute to the difficulty of weight 
loss maintenance, since it will promote hunger. In spite of the increased leptin lev-
els, obese humans do not have abnormal appetite suppression. This is because most 
obese patients are leptin resistant, limiting the ability to treat obesity with leptin. 
The precise mechanism of this resistance is not known, though it is believed to in-
clude both impaired leptin transport into the brain and impaired signaling in the hy-
pothalamus (ER (endoplasmic reticulum) stress; hypothalamic inflammation; and 
defective autophagy)[13, 27, 28].

Insulin, well known for its fundamental role in controlling blood glucose lev-
els and glucose homeostasis, insulin plays an equally important role in controlling 
energy balance. Insulin receptors are abundant in CNS, and early work by Woods 
and Porte showed that intraventricular administration of insulin in laboratory ani-
mals inhibits food intake [29]. A large amount of research has been devoted since 
to understanding the role played by insulin in the CNS. Though the exact mecha-
nisms are not completely understood, it is generally accepted that insulin crosses the 
blood–brain barrier in the hypothalamic area and inhibits the NPY/AgRP neurons 
(that stimulate food intake) via the insulin receptor substrate–phosphatidylinositol-
3-OH kinase (IRS–PI3K) pathway. Moreover, insulin acts on nonhypothalamic ar-
eas, such as the midbrain areas (ventral tegmental area and substantia nigra), popu-
lated by dopaminergic neurons involved in reward pathways. The insulin inhibition 
of food intake is greatly decreased in obese patients. Recent research in preclinical 
models has shown that in cases of consumption of high-fat food and overweight (but 
not in lean controls) insulin release from the pancreas triggers a signaling cascade in 
steroidogenic factor 1 (SF-1)-expressing neurons of the VMH, resulting in inhibi-
tion of POMC neurons, which promotes food intake and perpetuates obesity [30, 
31]. The action of insulin on the reward pathway dopaminergic neurons is thought 
to additionally contribute to development of obesity, since signaling of these higher 
neuronal circuits can override hypothalamic signaling. Wang et al. have proposed 
that reward-driven overconsumption of high-fat, high-sugar, and energy-dense 
foods leads to neuronal insulin resistance, dysregulation of dopamine homeostasis, 
and hypodopaminergic reward deficiency syndrome [32].

Afferent Pathways

Vagal neural afferents, which are abundant in the gastrointestinal area, integrate 
a variety of signals: hormonal (CCK, gastric leptin, GLP-1, ghrelin) or mechani-
cal (gastric distension). The merging of multiple signals on the same vagal neuron 
allows integration of a large amount of information and rapid response and adapt-
ability of the digestive system to the metabolic needs. Vagal afferents project to the 
nucleus of the solitary tract in the caudal brain stem; neurons in this area further 
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project to the specific regions of hypothalamus involved in food intake and adipos-
ity regulation [18].

Effector Signals

The brain modulates the activity of organs and systems involved in energy homeo-
stasis (adipose tissue, pancreas, gut, liver, stomach, brain itself) via sympathetic and 
parasympathetic signals. Efferent pathways from hypothalamic energy expenditure 
network (EEN) and fat accrual network (FAN) transmit signals leading to effects 
on neuroendocrine systems (hormones), autonomic nervous system, and behav-
ior, including feeding and physical activity [4]. Some of these effects favor weight 
loss: fatty acid oxidation and a reduction in adipose tissue mass, increased energy 
expenditure, decrease in food intake, and increased sympathetic activity to brown 
adipose tissue. Others favor fat accumulation and obesity: increased fat deposition, 
reduction in energy expenditure, and increased food intake. The sympathetic ner-
vous system promotes a negative energy balance by increasing energy expenditure 
(movement and thermogenesis, while the parasympathetic system promotes energy 
storage by increasing alimentary tract digestion and absorption, adipose tissue insu-
lin sensitivity, and insulin secretion [14].

Health Consequences of Obesity

There is no doubt that obesity affects all organs and systems, from the well-estab-
lished effects on the cardiovascular system, to less predictable ones, such as circa-
dian rhythm and gut microflora (Table 1.4) [33–35].

An area that has gained a lot of attention in the past decades is the impact of obe-
sity on inter-organ communication. Metabolic regulation, by its very nature, affects 
virtually all tissues and organs in the body and most importantly, it affects inter-
organ communication. Regulation of glucose homeostasis in health and obesity is 
one such example. Because the brain is acutely dependent upon glucose availability 
for its energy, it is generally assumed that the metabolic regulating system evolved 
to guarantee an adequate supply of glucose to the CNS for energy. Glucose uptake 
by the brain in the short term is not dependent upon hormonal factors such as in-
sulin; therefore, it is necessary for life to maintain an appropriate level of glucose 
in the blood. Various tissues orchestrate a beautifully designed regulating system 
to guarantee energy delivery to the brain [36]. Additional interconnected systems 
provide energy for other systems which may be called upon for organismal protec-
tion—for example, lipid moieties (free fatty acids) to provide energy for heart and 
liver, for example. How is the blood sugar level regulated? The simplest regulation 
is based upon the propensity of glucose itself to activate its own utilization (mostly 
by brain) or storage (by liver), or to suppress the endogenous production of glucose 
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Cardiovascular
Cardiomyopathy, coronary artery disease
Atherosclerosis
High blood pressure
Dyslipidemia
Stroke
Type 2 diabetes
Cancers
Reproductive: breast, uterus, cervix, prostate
Colon, pancreas
Liver—NAFLD
Steatosis
Steatohepatitis
Cirrhosis
Gallbladder disease
Reproductive
Menstrual abnormalities
Infertility
PCOS
Pulmonary
Obstructive sleep apnea
Abnormal function
Kidney
Adipose tissue
Inflammation (proliferation of macrophages)
Release of adipokines and cytokines
Hypoxia
Brown adipose tissue—hypoactivity
Gut
Changes in gut hormone secretion
Changes in gut microflora
Osteoarticular
Bone architecture
Bone mass
Muscle
Systemic
Inflammation
Circadian rhythm
Inter-organ communication
Fat accumulation in heart, liver, pancreas, and skeletal muscle

Table 1.4   Health consequences of obesity
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by the liver and kidneys from other noncarbohydrate precursors (lactate, amino 
acids). An additional regulating system which synergizes glucose effectiveness to 
guarantee the availability of fuel utilizes the ubiquitous hormone insulin. Insulin has 
varied molecular effects, but its primary action is to magnify or synergize glucose’s 
ability to regulate itself. Thus, for a given increase in glucose concentration in the 
blood, adding insulin will further activate glucose uptake (and storage as a carbo-
hydrate or lipid macromolecule, glycogen, or triglyceride), and suppress glucose 
production (mediated directly or indirectly via free fatty acids) [37]. Insulin under 
fasting conditions is not zero as one might expect, but is maintained at a low level 
to support the expression of important transcription factors and enzymes. After food 
intake, plasma insulin increases markedly (as much as eightfold). The increased 
insulin after nutrient intake limits the increases in glucose itself and other blood-
borne nutrient compounds, and guarantees rapid recovery of the blood sugar to the 
postprandially regulated value (about 5.5 mM in humans). The increase in insulin 
is due primarily to glucose itself; however, proteins released by the L cells of the 
gastrointestinal tract (GLP-1 and GIP (gastric inhibitory polypeptide)) play a very 
significant synergistic role [38].

It is now known that obesity has a substantial effect on insulin’s ability to regulate 
metabolism. Obesity interferes with the ability of insulin to enhance carbohydrate 
utilization and suppress glucose utilization. This interference is generally referred 
to as insulin resistance, and it means that the ability of a specifically enhanced insu-
lin increase has a reduced effect on glucose production and uptake. Originally, the 
concept of insulin resistance was nonquantitative, recognized as enhanced insulin 
levels in the face of normal glucose levels. Eventually, methods were introduced to 
quantify insulin’s effects using methods such as the “euglycemic glucose clamp” 
[39]; ours was the first to introduce the “insulin sensitivity index (SI)” which as-
sociated insulin resistance with an actual number which could be compared among 
different individuals or even different species. (In normal individuals, SI averages 
about 5 min−1 per µU/ml which measures the ability of a single increase in insulin 
units (1 µU/ml) to enhance glucose clearance from plasma (in terms of fraction of 
the blood volume). In SI units, moderate obesity reduces SI to about 2 min−1 per µU/
ml; in severe obesity, this value is less than 1.

How does a normal (if obese) insulin-resistant person regulate the blood glucose 
concentration in the face of insulin resistance? In such a condition, the release of in-
sulin from the pancreatic islets is increased; additionally the propensity of the liver 
to destroy insulin is reduced. Together, what is observed in the insulin-resistant situ-

Psychosocial
Eating disorders
Poor self-esteem
Depression

NAFLD nonalcoholic fatty liver disease, PCOS polycystic ovary syndrome

Table 1.4  (continued) 
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ation is elevated insulin in the blood (hyperinsulinemia). In fact, hyperinsulinemia 
is often regarded as a surrogate for insulin resistance, although the latter assumes 
normal function of the pancreatic islets and liver [40]. For many years, confusion 
reigned regarding how to understand the quantitative relationship between insulin 
sensitivity and secretion. Some years ago, we hypothesized that in a healthy indi-
vidual any reduction in insulin sensitivity (insulin resistance) would be compen-
sated by an equal and opposite increase in insulin release (or decrease in clearance). 
We expressed this in an equation:

Insulin secretion × Insulin sensitivity = the disposition index (DI), and we hy-
pothesized that the DI would be characteristic for a given individual. An elevated 
DI reflects very healthy pancreatic β cells, as the response to resistance is robust; 
a diminished DI would be reflective of an islet defect. This latter hypothesis has 
proven correct [41]. The DI equation above is tantamount to a hyperbola; this is 
illustrated in Fig. 1.2.

Thus, any decrease in insulin sensitivity (due to obesity, for example) would be 
compensated by an increase in secretion and DI should remain normal. But, with 
an islet defect, resistance due to obesity would be undercompensated, such an in-
dividual (Fig. 1.1) would lie on a “lower” DI curve (nearer the origin), and would 
be an indicator of a latent pancreatic β-cell dysfunction. In fact, reduced DI is the 
strongest predictor known for conversion from normal glucose tolerance to type 2 
diabetes mellitus [42]. Also, genetic variants related to DI have been identified from 
genome-wide association studies (GWAS) studies [43].

Therefore, obesity is related to a reduced insulin sensitivity which is normally 
compensated by increased insulin. If compensation results in a reduced DI value, 
this is indicative that the obese subject may be at risk for type 2 diabetes mellitus.

Bariatric Surgery and its Beneficial Effects on Body 
Weight

To date, bariatric surgery remains the most successful treatment for obesity. Com-
pared with behavioral intervention and pharmacological treatment, which produce 
modest outcomes of 5–10 % weight loss [44], bariatric surgery results in weight loss 
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that is rapid (immediately after surgery), substantial (12–39 % of presurgical body 
weight or 40–71 % excess weight loss), and sustained (as long as 10 years or more 
post surgery) [45].

As the term “bariatric surgery” encompasses a large and diverse group of surgical 
interventions (adjustable gastric banding, AGB; sleeve gastrectomy, SG; Roux-en-Y 
gastric bypass, RYGB; and biliopancreatic diversion, BPD) the mechanisms by which 
bariatric surgery results in weight loss are diverse. All procedures have a restrictive 
component (reduction in stomach size) and result in weight loss, at least in the period 
immediately following the surgery, due to caloric restriction. Caloric intake is dramati-
cally reduced after bariatric surgery to 200–300 kcal/day, and it has been shown that 
obese subjects placed on an identical diet lose substantial amounts of weight [46]. Bar-
iatric surgery results not only in decreased food intake but also in changes in frequency 
of food intake (fewer snacks, less food per meal) and in food preference: reduced pref-
erence for sweet and fat taste and for high-calorie and high-fat food, though no differ-
ence appears to exist between different procedures [47]. Research shows that patients 
find sweet and fatty meals less pleasant through changes in the sense of taste, with an 
increased perception of sweetness [48]. Besides caloric restriction, some bariatric sur-
gery procedures have an additional component of bypassing large portions of the upper 
intestinal tract (such as the duodenum and part of the jejunum), resulting in decreased 
absorption and even malnutrition [49].

Last, but not least, procedures with intestinal rearrangement are likely to result in 
changes in the profile of gut hormones secreted, and in changes in neuroendocrine 
communication between different parts of the gastrointestinal tract, or between the 
gut and other organs, such as liver, pancreas, adipose tissue, and brain. It has been 
shown that RYGB and BPD, and, to a certain extent, SG, result in increased levels 
of GLP-1 and PYY [50, 51]. GLP-1 is an excellent candidate as the mediator of 
bariatric surgery effects via actions on satiety and food intake. Plasma GLP-1 levels 
are higher after bariatric surgery than after equivalent diet-induced weight loss [46]. 
Moreover, it has been shown that increases in postprandial plasma GLP-1 correlate 
with reduction of hunger and increases in satiety [52]. However, a recent study in 
rodents challenged the role of GLP-1 in bariatric surgery-induced weight loss [53]. 
PYY increases after bariatric surgery but not after nonsurgical weight loss, indicat-
ing that increases in PYY are related to the surgical procedure and not to weight loss 
per se. Infusion of PYY 3-36 in humans has been shown to decrease hunger score 
and food intake [54]. There is convincing evidence that PYY (together with GLP-1) 
is one of the major hormonal contributors to post-bariatric surgery weight loss. In-
creased PYY resulting from bariatric surgery (via increased direct delivery of nutri-
ents to the L cells, decreased transit time, or high pH of undigested chyme) results in 
satiety, decreased food intake, and possibly changes in energy expenditure, leading 
to weight loss in both the early phase and over long term [55, 56]. It is possible that 
other hormones such as oyntomodulin, GIP, ghrelin, and others might play a role in 
bariatric surgery-induced weight loss, but their role remains yet to be demonstrated. 
Most likely, synergistic action of increased PYY and GLP-1 and possible other L 
cells products, combined with reductions in GIP and ghrelin, the trophic role of 
GLP-2, all may contribute to a negative energy balance and consequent weight loss. 
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Table 1.5   Obesity therapy
Dietary modification
Behavior modification
Exercise
Weight loss drugs:
 Long term:
  Orlistat
  Lorcaserin
  Phentermine/topiramate
 Short-term/off-label
  Phentermine
  Benzphetamine
  Diethylpropion
  Phendimetrazine
  Methylphenidate
  Zonisamide
  Octreotide
  Metformin
  GLP-1 agonists (exenatide, liraglutide)
  Antidepressants (SSRI)
  Ephedrine and caffeine
Investigative strategies
 Cannabinoid receptor antagonists
 Ghrelin antagonists
 α-MSH antagonists
 NPY antagonists
 β-3 adrenergic agonists
 PYY agonists
 Amylin
 Targeting L cells: (several hormones involved in energy homeostasis: GLP-1, PY, 
oxyntomodulin)
 Combination hormones
 Modulation of adipose tissue thermogenesis—brownification of white fat (“beige fat”)
 increased brown fat thermogenesis using chenodeoxycholic acid
Less conventional strategies
 Acupuncture
 Homeopathic
 Herbal supplements
 Nutritional supplements (most non-FDA approved, sometimes harmful)

GLP-1 glucagon-like peptide 1, PYY peptide YY, α-MSH α-melanocyte-stimulating hormone, 
NPY neuropeptide Y, SSRI selective serotonin reuptake inhibitors
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In addition, modified neural signaling from the enteric nervous system and to vari-
ous organs and tissues can contribute to hormonal changes directly or via enhancing 
or inhibiting hormonal actions [57]. An interesting, though yet little explored, area 
of research is the potential role of hormonal response to bariatric surgery as predic-
tor of weight loss and of maintenance of weight loss post surgery.

Nonsurgical Therapy of Obesity

Nonsurgical therapy of obesity is based on dieting, behavior modification therapy, 
and exercise (Table 1.5). Dietary modification has a long history but usually with 
limited success. There are a variety of options centered either on reduced portions 
and low-calorie diets or different nutrient alterations (low fat, low carbohydrate, 
etc.). Dietary intervention should be done under the supervision of a health-care 
professional who can customize it to the patient and combine it with weight loss 
drugs and exercise to optimize the results. Behavior modification therapy aims at 
changes in eating and lifestyle habits and encourages strategies such as developing 
realistic goals, recording diet and exercise, improvement in quantity and quality of 
sleep, developing a support network, and others [58–61].

Quo Vadis?

The global switch from diseases of nutritional deficiency to conditions of overnutri-
tion has occurred, and continues to occur over a remarkably short time span. Not 
only does this provide a great challenge relative to diabetes risk but also for a large 
variety of pathologies. Ironically, the availability of the Internet and tremendously 
enhanced global communication can make it possible for at least the information 
regarding the negative effects of obesity to be widely disseminated. Yet, it remains 
a great challenge to imagine how to get a significant number of individuals in first 
and second world countries to alter their lifestyle in terms of reducing caloric in-
take, as well as increasing physical activity (although that will probably have less 
effect). There are a variety of interventions that have involved local or federal regu-
lations (nutritional labeling, calorie labeling, taxing the soda, etc.) or incentivizing 
healthy eating and exercising (insurance companies or employers can reward indi-
viduals that maintain a healthy body weight or exercise regularly). The Look Ahead 
Trial in the USA has demonstrated that reduced weight can be maintained, but at a 
great cost of personal intervention [62]. Possibly, research related to informational 
transfer via the Internet will eventually reveal effective approaches. Certain particu-
larly offensive foodstuffs will have to be reduced, despite the possible costs in terms 
of industrial interests—thus, there will need to be international cooperation such 
that the cost to benefit ratio for international industrial interests will be on the side 
of restricting calories and maximizing quality. It is certainly in the interest of the 
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international problem to expand our understanding of the causes of obesity, the role 
of the CNS, and addiction pathways, and the possibility of discovering more potent 
molecules to regulate food intake. However, it is unlikely that a global problem will 
be dealt with at the pharmaceutical level, and international cooperation and policy 
will no doubt be at the center of diminishing the negative consequences of overnu-
trition, overweight, and obesity.
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“Corpulence is not only a disease itself but a harbinger of 
others.” Hippocrates

Obesity: Definitions

The obesity epidemic affects people of all ages, socioeconomic levels, geographic 
regions, and ethnicities, and causes significant medical consequences. Obesity has 
been defined as a medical condition in which excess body fat accumulates to an 
extent that may have short- and long-term consequences on morbidity and mortality 
[1, 2]. Globally, in an analysis of 199 countries, 1.46 billion adults worldwide are 
estimated as being overweight, and 502 million are estimated as being obese [3]. In 
the USA, the prevalence of obesity (2009–2010) has been reported as 35.7 % [4]. 
“Overweight” technically refers to an excess of body weight, whereas “obesity” re-
fers to an excess of fat. However, the methods used to directly measure body fat are 
not available in daily practice. For this reason, obesity is often assessed by means 
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of indirect estimates of body fat (i.e., anthropometrics). In the clinical setting, adult 
obesity is most often defined by the use of body mass index (BMI), which is a cal-
culation based on the weight of a person in kilograms over their height in meters 
squared (kg/m2). Though widely used, there are fundamental concerns with this 
method of classification. While easy to calculate, and routinely used as a popula-
tion measurement of overweight and obesity, BMI does not take into account body 
composition. We are well aware that a person with a percent body fat of 8 % who 
is a body builder may have the same weight as someone with a body fat of 35 % 
who is inactive. Herein lies the flaw of simply measuring BMI. While there are 
more accurate means of measuring body composition, such as skin-fold thickness, 
waist circumference, and techniques such as ultrasound, computed tomography, and 
magnetic resonance imaging (MRI), many of these are not possible in the routine 
office setting. More recently, a newer model of measurement, the body adiposity 
index (BAI), has been proposed. The BAI mathematical model takes into account 
hip circumference and appears to better measure percent adiposity [5]. However, as 
BMI is still the most commonly used model for calculating obesity, we focus our 
discussion on this criterion.

The BMI criteria for adult obesity in Western societies are accepted as noted in 
Table 2.1 [6], whereas in Asian populations, the criteria are more stringent. This 
difference is based on the observations of investigators [7–9], along with health 
policy-making organizations [10, 11], which have shown that cardiovascular risk 
and diabetes in some Asian countries increase significantly in those with weight 
parameters that are only modestly elevated by American standards. Thus, the cur-
rent proposal is that definitions and thresholds of overweight and obesity should be 
lower in Asian countries. It should be noted that there is considerable debate on this 
point, and over whether BMI criteria should be country-specific, or ethnicity-based 
[12]. At present, the Japanese define obesity as a BMI greater than 25kg/m2 [13], 
while the Chinese use a cut off of 28 kg/m2 [14].

Table 2.1   Weight categories for adults and youth
Category Adults (20+ years) Youth (2–19 years) CDC, AAP, 

IOM, ES, IOTF
Underweight BMI < 18.5 BMI < 5th percentile for age
Normal weight BMI 18.5–24.9 BMI ≥ 5th to < 85th percentile
Overweight BMI 25–29.9 BMI ≥ 85th to < 95th percentile
Obesity BMI ≥ 30 BMI ≥ 95th percentile
Class III obesity (super obesity) BMI ≥ 40 Not useda

AAP American Academy of Pediatrics, IOM Institute of Medicine, ES Endocrine Society, CDC 
Centers for Disease Control, IOTF International obesity task force, BMI body mass index
a In children, proposed definitions of severe obesity are BMI > 120 % of the 95th percentile, or 
BMI > 99th percentile
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In children, defining criteria for obesity is more complex, as the age, sex, ex-
pected growth curves, and body composition must all be factored in. A child’s 
weight status is determined using an age- and sex-specific percentile for BMI rather 
than the BMI categories. The Centers for Disease Control growth charts are used 
to determine the corresponding BMI-for-age and sex percentile. For children and 
adolescents (aged 2–19 years), overweight is defined as a BMI at or above the 85th 
percentile and lower than the 95th percentile for children of the same age and sex, 
while obesity is defined as a BMI at or above the 95th percentile for children of the 
same age and sex [15]. Figure 2.1 shows the classification of obesity for children 
based on the American Academy of Pediatrics, the Institute of Medicine, the Cen-
ters for Disease Control, and the International Obesity Task Force.

The Economic Burden of Obesity

Globally, in an analysis of 199 countries, 1.46 billion adults worldwide were esti-
mated as overweight, with 502 million estimated as obese [3]. The global economic 
burden of obesity accounts for an average of 0.7–2.8 % of a country’s total health-
care costs [16]. These costs represent the monetary value of health-care resources 
devoted to managing obesity-related disorders. This includes such costs as those 
incurred through the use of outpatient clinics and visits, hospitalizations, pharma-
ceutical therapy, laboratory testing, and chronic care. Obese individuals have, on 
average worldwide, medical costs 30 % higher than those with normal weight [16]. 
Interestingly, in the USA specifically, the medical economic burden of obesity is 
higher: an estimated US$ 75 billion in 2003 [17], accounting for 4–7 % of total 
health-care expenditure. The increase in costs seen in obese individuals tends to be 

Fig. 2.1   Heath problems related to the development of obesity. (Adapted from [26])
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largely driven by the increased incidence of type 2 diabetes, the increased cardio-
vascular burden, and obesity-related cancers [18].

Overweight/obesity in middle age appears to have long-term adverse conse-
quences for health-care costs as one ages. A review of US Medicare data collected 
from 1984 to 2002 showed that after multivariate analysis, Medicare health charges 
were significantly higher by baseline BMI in both men and women [19]. This held 
true for overall costs, and costs specifically related to diabetes and cardiovascu-
lar disease. After adjusting for variables such as baseline age, race, education, and 
smoking, the total average annual medical-related charges for overweight, obese, 
and severely obese men were US$ 8390, $ 10,128, and $ 13,674, respectively. This 
is a significant trend over normal-weight men who, as a group, averaged an annual 
health-care cost of $ 7205. Other US data show that compared to normal-weight in-
dividuals, obese patients incur 27 % more outpatient visits, and 80 % more prescrip-
tion costs [20]. In addition, in the inpatient setting, obese patients have an increased 
cost of 46 % over nonobese patients. Similar trends have been reported in the UK, 
France, and the Netherlands.

The Health Burden of Obesity

The World Health Organization describes obesity as one of the most neglected pub-
lic health problems we face today [21]. The health implications of obesity are not 
geographically limited. Sequelae of obesity include commonly thought of condi-
tions, such as hypertension, heart disease, fatty liver, and diabetes, [22] to more 
esoteric associations such as infertility [22], idiopathic intracranial hypertension 
[23], and gout [24]. The incidences of certain cancers also increase with obesity, 
including cancers of the breast, ovaries, esophagus, colon, liver, pancreas, endome-
trium, and prostate [25].

The health conditions associated with obesity are thought to arise as either a 
direct consequence of adiposity—such as with social stigmatization, sleep apnea, 
and osteoarthritis; or via the various changes associated with the increase in adipose 
cell hypertrophy and/or hyperplasia (Fig. 2.1) [26]. It is important to remember that 
adipose tissue is a functional endocrine organ, with secretory products such as cyto-
kines (interleukin (IL)-1 and 6) and tumor necrosis factor alpha (TNF-α). These cy-
tokines have further effects, including suppression of adiponectin—which worsens 
insulin resistance. Diabetes, cancer, cardiovascular disease, and non-alcoholic liver 
disease are a few examples of disease states attributed in part to these hormonal and 
metabolic alterations. Having abdominal obesity seems to worsen these associated 
conditions, in part because of the high influx of free fatty acids, adipokines, and 
cytokines into the portal circulation by virtue of approximation. Subsequent hepatic 
production of very-low-density lipoprotein (VLDL) and dysregulation of insulin 
release set off a cascade of metabolic derangements [22].
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Social Stigmatization

Many societies tend to chastise those who are overweight, and many consider those 
with weight issues as being unable or unwilling to control impulsive/compulsive 
behaviors. There is often public disapproval expressed openly by colleagues, neigh-
bors, family members, and acquaintances. Such reproach often results in measur-
able changes in the quality of life parameters reported by obese subjects [26, 27]. 
These changes are more profound in women, and tend to reverse with intentional 
weight loss [28, 29]. Children and adolescents also tend to suffer the psychoso-
cial consequences of obesity, including alienation [30], distorted peer relationships, 
poor self-esteem [31, 32], anxiety [33], and depression [34, 35]. The risk of psy-
chosocial morbidity increases with increasing age during childhood, and is greater 
among girls than boys [36–38].

The distorted and negative self-images that develop in adolescence often persist 
into adulthood, especially in women. Data from the National Longitudinal Survey 
of Youth indicate that women who were obese in late adolescence and early adult-
hood completed fewer years of advanced education, and had lower rates of marriage 
and higher rates of poverty compared to their non-obese peers [39]. Interestingly, 
these long-term social repercussions were not nearly as profound in obese men.

Sleep Apnea

In the absence of underlying pulmonary disease, obese patients are noted as hav-
ing pulmonary-related issues only in the presence of significant obesity. The main 
obesity-related change in pulmonary function testing is an increase in residual lung 
volume associated with an increase in intra-abdominal pressure [40, 41]. While 
these pulmonary function changes may be mild, the other effects of obesity on the 
respiratory system can be quite significant. Obstructive sleep apnea (OSA) is a 
syndrome characterized by episodic hypopnea or apnea due to recurrent partial or 
complete upper airway obstruction during sleep. Obesity is the most documented 
risk factor for OSA. Significant sleep apnea is present in approximately 40 % of 
obese individuals, and the prevalence of OSA progressively increases as the BMI 
increases [42].

OSA frequently coexists with, and may be one of the causes of obesity hypoven-
tilation syndrome (OHS). OHS is defined as obesity and chronic alveolar hypoven-
tilation (arterial carbon dioxide tension [PaCO2] > 45 mmHg) during wakefulness, 
which occur in the absence of other conditions that cause hypoventilation [43].
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Osteoarthritis

Diseases of the bone including osteoarthritis and other joint issues are directly relat-
ed to the weight placed on the joints by obesity [44]. For example, the incidence of 
knee osteoarthritis was found to be increased in men in heaviest quintile of weight 
compared with those in the lightest three quintiles (age-adjusted relative risk, 1.51; 
95 % confidence interval (CI), 1.14–1.98), and was further increased in women in 
the heaviest quintile versus those in the lightest three quintiles (relative risk 2.07; 
95 % CI, 1.67–2.55) [44]. There is some suggestion that non-weight-bearing joints 
also suffer changes in the obese; however, the mechanism underlying these changes 
is not known.

Nonalcoholic Fatty Liver Disease (NAFLD)

NAFLD is a term describing a collection of liver abnormalities including hepato-
megaly, elevated liver enzymes, and changes in histology which include (in progres-
sive order) steatosis, non-alcoholic steatohepatitis, fibrosis, and cirrhosis [45]. Once 
NAFLD has progressed to cirrhosis, liver failure may ensue. Obesity is associated 
with this clinical spectrum of liver damage and disease [45, 46]. The pathogenesis 
of NAFLD in overweight and obese individuals is not fully understood, but insulin 
resistance appears to be an important component [47]. A retrospective analysis of 
liver biopsies in individuals who were overweight and obese without any other 
underlying contributors to liver disease showed the presence of fibrosis in 30 % of 
samples, and cirrhosis in a further 10 % [48]. Other authors have performed cross-
sectional analysis of liver biopsies and suggest that the prevalence of steatosis is 
75 % in the obese population [49]. In another study, metabolic syndrome (of which 
obesity and insulin resistance are components) was associated with an odds ratio 
(OR) of 3.5 for the development of severe liver fibrosis [50].

Hypertension

Obesity is associated with hypertension. The relation between obesity and hyper-
tension is clinically important because weight loss may lead to a significant fall in 
systemic blood pressure (BP) [51, 52]. The impact of obesity on the presence of 
hypertension may have ethnic differences. It is estimated that weight control would 
eliminate hypertension in 28 % of the Black population. This is almost doubled to 
an estimated 48 % in the White population [53].

The mechanism by which obesity raises the BP is not well understood. One pos-
tulate is that hyperinsulinemia is the cornerstone of this relationship [54], and many 
mechanisms have been proposed to explain the resultant increase in BP including 
increased sympathetic activity [55], volume expansion due to increased renal so-
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dium reabsorption [56], endothelial dysfunction [57], upregulation of angiotensin 
II receptors [57], and decreased cardiac natriuretic peptide [58]. The risk of hyper-
tension appears to be greatest in people who have predominantly upper body and 
abdominal obesity. The mechanism by which upper body obesity raises BP remains 
unclear. Insulin resistance is thought to be a central component, leading to impaired 
glucose tolerance and hyperinsulinemia. Hyperinsulinemia may then raise the BP 
by the mechanisms noted above. Despite these observations, insulin resistance or 
hyperinsulinemia as a cause of hypertension remains controversial. There is also 
mounting evidence that leptin may have a role in obesity-related hypertension, via 
increased sympathetic activity [54].

The sleep apnea syndrome associated with obesity is an additional contribut-
ing factor to the development of hypertension [59]. It is thought that activation of 
the sympathetic nervous system, elevated aldosterone levels, and increased levels 
of endothelin by repeated episodes of hypoxia are responsible for the associated 
hypertension [60].

The presence of sustained weight loss has a beneficial effect on hypertension. 
The long-term effect of weight loss was evaluated over an 8-year period among 
overweight 30- to 49-year-olds and overweight 50- to 65-year-olds [61]. A sus-
tained reduction in weight of 6.8 kg or more was associated with a 22 % reduction in 
relative risk for developing hypertension (defined by 140/90 mmHg) in the younger 
age group and 26 % reduction in relative risk in the older overweight population. 
A simple relationship to remember is that for each 1 kg of weight loss, systolic and 
diastolic pressures fall by approximately 1 mmHg [62].

Cardiovascular Disease and Stroke

Overweight and obesity are associated with multiple cardiovascular abnormalities. 
In addition to an association with coronary artery disease, there is an increase in 
cardiac volume, cardiac work increases, and this may produce cardiomyopathy and 
heart failure.

Heart Failure

It is often forgotten that obesity can be an independent etiology of heart failure that 
is just as significant as hypertension, coronary disease, and diabetes. Evidence from 
the Framingham Heart Study showed that obesity doubled the risk of heart failure. 
In the 6000 subjects studied, multivariate analysis showed a 5–7 % increase in risk 
for every 1 kg/m2 increase in BMI [63]. The physiologic processes responsible for 
this increase are likely multifactorial, and include an increase in cardiac work, an 
association with insulin resistance, subclinical right ventricular dysfunction, and 
association with diabetes, sleep apnea, and hypertension.
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Cardiac Rhythm Abnormalities

Patients with a BMI of greater than 30 kg/m2 are significantly more likely to de-
velop atrial fibrillation than individuals of normal weight. [64]. This increased risk 
has also been shown in many studies, and appears to be particularly associated with 
sustained atrial fibrillation as compared to transient or intermittent atrial fibrillation 
[65]. There does not appear to be an increased risk in ventricular dysrhythmias as-
sociated directly with increasing BMI or weight gain.

Coronary Heart Disease (CHD)

The Nurses’ Health Study has shown a 3.3-fold higher risk of developing coronary 
artery disease in women with a BMI greater than 29 when compared to lean women 
[66]. When followed longitudinally, there is also an associated increase in heart dis-
ease with weight gain in women over time. This finding was highest in women who 
gained over 20 kg, and was independent of starting BMI. The association between 
obesity and CHD has also been observed in many other large-scale population-
based studies [67–69]. The distribution of body fat again appears to play a role, 
with those subjects having predominantly abdominal or central fat being the group 
at greatest risk. Using the waist-to-hip ratio as a measurement for abdominal obesity 
in a female cohort, researchers have shown that a value of > 0.88 provides a three-
fold higher risk of CHD when compared to women with a ratio of < 0.72 [70]. Oth-
ers have shown that the risk appears to increase sharply once the ratio is > 0.8 [71].

It is well known that dyslipidemia is an important risk factor for the develop-
ment of atherosclerosis. The classic dyslipidemic pattern of obesity consists of an 
elevated triglyceride (TG) level and a decreased level of high-density lipoprotein 
(HDL). While the decrease in HDL may be an important contributor to the devel-
opment of heart disease in obesity, perhaps more suspect is the changes associated 
with the character and quality of low-density lipoprotein (LDL) seen in obesity. 
Central fat distribution is associated with an increase in small, dense LDL. This 
form of LDL is more atherogenic than the alternate large fluffy LDL [72]. It has 
also been postulated that obesity poses an increased CHD risk because of associated 
low concentrations of adiponectin, which has antiathrogenic properties and lowers 
insulin resistance [73].

Stroke

The data linking obesity to stroke risk are not as clear as the data linking obesity 
to CHD. The Emerging Risk Factors Collaboration reviewed data on over 85,000 
subjects and found that the risk of ischemic stroke increased by 20 % for every 1 
standard deviation increase in BMI [74]. However, this risk was dramatically at-
tenuated once adjusted for age, smoking, hypertension, diabetes, and cholesterol 
status. Some studies have shown an increased risk of both ischemic and hemorrhag-
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ic stroke in obese patients [75]. Most other studies have not seen this association 
with hemorrhagic stroke [76]. The Nurses’ Health Study indicates that both a BMI 
of greater than 27 kg/m2 and accelerated weight gain after age 18 are associated 
with increased ischemic stroke risk. The relative risk reported was 2.4 for a BMI of 
32 kg/m2 or greater when compared to a BMI of 21 kg/m2 or less [77]. The Women’s 
Health Study also reported similar findings [78].

Insulin Resistance and Diabetes

Insulin Resistance

Insulin resistance and type 2 diabetes are significant health risks well known to 
be associated with obesity, such that even mild detriment to insulin release has 
been shown to have profound effects on metabolic processes, and thus regulation 
of weight and obesity [79]. Insulin resistance is stimulated by fat deposited within 
cells and cytokines (IL1, IL6, TNF-α) secreted by adipocytes that actively sup-
presses insulin sensitizers. Insulin resistance is only one part of the pathophysiology 
of type 2 diabetes, with B cell dysfunction in the pancreas also playing a role. Nota-
bly, the connection between insulin resistance and inflammatory pathways provides 
an explanation for the comorbid association between type 2 diabetes and obesity, 
examined further in clinical studies associating weight loss with an increase in in-
sulin sensitivity in adults ( P < 0.002) [80, 81]. Environmental, genetic, and societal 
factors contribute to the development and repercussions of obesity and insulin re-
sistance, as well as differences in ethnicity and gender. Men and African Americans 
exhibit a greater prevalence for insulin resistance, with African Americans consti-
tuting the highest rate of diagnosed diabetes among all the races at 11.2 % [82].

Diabetes

Data from the Behavioral Risk Factor Surveillance System (BRFSS) from 2001 of 
195,005 adults in the USA showed that obese adults (BMI ≥ 40) have greater than 
a sevenfold OR for a diagnosis of diabetes than the average adult [82]. This figure 
may be a staggering underestimation of the true presence of diabetes in the popula-
tion due to various survey constraints within the survey population and the criterion 
that only doctor-diagnosed diabetes was tabulated, though an estimated 27 % of 
those affected by diabetes remain undiagnosed [83]. The link is irrefutable when 
the converse association is considered: 64 % of men and 77 % of women with type 
2 diabetes are overweight or obese. There is also sufficient evidence linking obe-
sity to the development of gestational diabetes mellitus. Using a regression analy-
sis between prepregnancy BMI and presence of gestational diabetes, researchers 
calculated the percentage of gestational diabetes attributed to obesity and found a 
statistically significant higher risk of gestational diabetes correlated to higher BMI 
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and 46.2 % of gestational diabetes occurrences ascribed to being overweight, obese, 
or extremely obese (95 % CI = 26.1, 56.3) [84]. With an estimated $ 174 billion 
spent annually on the treatment of diabetes and a projected number of one in three 
Americans with diabetes by 2050, the health burden of obesity and its connection 
to insulin resistance and type 2 diabetes poses as an immense public health problem 
for worldwide populations [85].

Cancers

In 2008, there were an estimated 12.7 million cancer cases and 7.6 million cancer 
deaths worldwide [86, 87]. Together, modifiable risks such as tobacco use, excess 
weight, poor diet, and inactivity are thought to account for almost 70 % of all can-
cers in the USA [88]. Obesity as a sole risk factor is estimated to cause 20 % of all 
cancers [89]. Excess weight and obesity are associated with an increased risk of de-
veloping multiple cancers including colorectal, postmenopausal breast, endometri-
al, renal, and esophageal cancer. The attributable risk of excess weight ranges from 
9 % (postmenopausal breast cancer) to 39 % (endometrial cancer) [90]. Newer data 
suggest that excess body weight and increased body fat also have a direct associa-
tion with additional cancers including pancreas, thyroid, non-Hodgkin lymphoma, 
leukemia, and myeloma [91].

Weight gain itself is also associated with cancer risk. For example in a Canadian 
report, men who gained  ≥ 21 kg after age 20 had a 60 % higher risk of colorec-
tal cancer than men who gained only 1–5 kg [92]. In another study, women who 
lost ≥ 10 kg after menopause and kept it off saw a 50 % reduction in breast cancer 
risk [93].

The exact mechanism behind the association of weight with cancer development 
is not clear—and is likely multiple. One contributing factor is thought to be related 
to the increased aromatization that occurs in fat tissue, resulting in higher levels of 
estrogen. This may be a factor in endometrial cancer and breast cancer risk. Other 
proposed mechanisms include the influence of obesity and weight gain on insulin 
resistance and subsequent effects on inflammation. The latter may be particularly 
important in colon cancer [89].

A recent report suggests that bariatric surgery is associated with a 60 % reduction 
in overall cancer mortality (5.5 vs. 13.3 per 10,000 person-years). The follow-up for 
this study was 7 years, however, more data of this sort are needed to confirm this 
observation [94]. In addition, this benefit seen with bariatric surgery may not be the 
case with every cancer (see colon cancer).

While the above refers directly to excess body weight as a contributor to cancer 
risk, it is important to remember that physical inactivity and poor dietary intake are 
also contributors to cancer risk. While often intertwined with obesity, these two fac-
tors are independent and carry with them their own cancer risks that are beyond the 
scope of this chapter’s discussion.
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What about the role of weight after the diagnosis of cancer is made? The relative 
impact of weight on the prognosis and recurrence rates of cancer is dependent on 
the type of cancer being discussed.

Breast Cancer

Women who are obese at the time of breast cancer diagnosis have a 30 % higher risk 
of breast-cancer-related mortality as compared to leaner women [95]. The reasons 
for this remain unclear and causality versus association remains debated. The au-
thors who reported this finding also noted that the association holds true in both pre-
menopausal and postmenopausal women, with the relative risk of death from breast 
cancer in obese versus nonobese individuals being 1.47 in premenopausal and 1.22 
in postmenopausal women, respectively. It has also been reported that women with 
a BMI of greater than 35 kg/m2 have a 60 % higher risk of breast cancer recurrence 
as compared to women with BMIs of less than 25 kg/m2 [96, 97].

In addition to weight at the time of diagnosis, weight gain after the diagnosis of 
breast cancer may also be associated with an increased risk of recurrence, although 
the data are inconsistent. In the Nurses’ Health Study, women previously treated 
for breast cancer who gained 0.5–2 kg/m2 and those who gained more than 2 kg/m2 
had risks of breast cancer death of 35–64 % compared to women who maintained a 
stable weight [98]. However, other analyses have not supported these findings [99].

There are relatively few studies evaluating the efficacy and potential benefits of 
weight loss interventions in breast cancer survivors. The largest weight loss study 
to date in breast cancer survivors has been the Lifestyle Intervention Study for Ad-
juvant Treatment of Early Breast Cancer (LISA) [100]. In this study, more than 300 
postmenopausal women with hormone receptor-positive breast cancer were ran-
domly assigned to a weight loss intervention arm (including counseling by regular 
phone calls) or to usual care. The authors found that women randomized to the 
intervention lost approximately 4.5  kg more than the control. More importantly, 
there were significant improvements in physical functioning scores in those who 
lost weight. There is also evidence to suggest that the incidence of breast cancer 
may be decreased in women following bariatric surgery—although the results did 
not reach significance, a large-scale study in Utah found a lower incidence of breast 
cancer in gastric bypass patients compared with severely obese controls (hazard 
ratio (HR) of 0.91; 95 % CI, 0.67–1.24; P = 0.54) [101]. Other studies have also 
suggested that cancer rates are reduced following bariatric surgery, particularly in 
women, although the group sizes in most cases prevented statistical analysis of site-
specific cancers [102–105].

Prostate Cancer

Obesity is associated with worse outcomes among men with prostate cancer. How-
ever, whether changes in weight following a diagnosis of prostate cancer can modi-
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fy prognosis is currently unknown. A study of almost 2000 men undergoing prostate 
biopsy showed that the risk of a high-grade prostate cancer (i.e., Gleason score 
≥ 7) increased with an increasing BMI [106]. Similarly, there appears to be an as-
sociation with obesity and advanced disease. A 2012 meta-analysis demonstrated a 
relative risk increase of 9 % for each 5 kg/m2 increase, and an inverse relationship 
between BMI and the development of localized prostate cancer [107]. Prostate-spe-
cific mortality appears to increase by 20 % for each 5 kg/m2 increase in BMI [108].

Colorectal Cancer

Studies have shown that patients diagnosed with nonmetastatic colorectal cancer 
with a high pre-diagnosis BMI (BMI ≥ 30 kg/m2) have significantly poorer cancer-
specific survival when compared to those within the normal BMI range [109]. The 
authors of this study did not see an association with post-diagnosis BMI and out-
comes. In contrast, another study demonstrated that stage II and III colon cancer 
patients with BMI > 35 kg/m2 after surgery had less disease-free survival compared 
to normal-weight patients [110]. There are little data on weight loss and survival 
benefit in patients with colon cancer.

Endometrial Cancer

Unlike prostate cancer, there appears to be an association of a less aggressive type 
of endometrial cancer with obesity [111]. It is thought that there is a greater likeli-
hood of developing an estrogen-responsive tumor in women with a higher level of 
circulating estrogen. Accordingly, severely obese women were also more likely to 
present with stage I disease (77 vs. 61 %) or low-grade tumors (44 vs. 24 %). De-
spite this, among women with endometrial carcinoma, obesity is associated with 
an increased risk of death [112]. The risk of dying from endometrial carcinoma 
among those with the highest BMI (≥ 40 kg/m2) was 6.25-fold higher than that of 
normal-weight women [25]. Unfortunately, the benefits of weight loss on outcome 
and recurrence are not well studied in endometrial cancer.

Reproductive Issues

Obesity affects ovulation, response to fertility treatment, pregnancy rates, and out-
come. The National Health and Nutrition Examination Survey found that 32 % of 
women between the ages of 20 and 39 were obese [113]. The prevalence varied with 
ethnicity, and was the highest (56 %) in non-Hispanic blacks. Adipose tissue is an 
endocrine organ, and women with obesity have elevations in leptin and reductions 
in adiponectin, both of which may lead to insulin resistance. Obesity can also be 
associated with changes in estrogen and androgen levels. All of these factors can 
impact fertility.



312  The Health Burden of Obesity

Polycystic ovary syndrome (PCOS) is the most common reproductive disorder 
in women. PCOS is associated with obesity and ovulatory dysfunction along with 
hyperandrogenemia and insulin resistance. Restoration of ovulation often occurs 
with weight loss. One study reports that after a weight loss ranging from 4.8 to 
15.2  kg (mean 9.7  kg), significant reductions in the concentration of luteinizing 
hormone (LH), fasting insulin, and testosterone were noted, and most of the women 
ovulated after weight reduction [114]. Similar results have been reported by other 
researchers [115].

In women without a cause of ovulatory dysfunction, obesity is associated with 
a decrease in spontaneous pregnancies and also with an increased length of time to 
achieving conception [116–118]. Obesity appears to be associated with subfertility 
and poor reproductive outcome regardless of the mode of conception, but the ex-
act physiological mechanisms linking obesity to decreased fertility are not known. 
While some studies have shown weight loss results in higher live birthrates [119, 
120], other authors have not shown this benefit in outcome. Large-scale studies 
have yet to be performed.

In women undergoing fertility treatment, some studies have shown that obesity 
is associated with insufficient follicular development, and lower oocyte counts dur-
ing treatment [121–123]. Other studies have shown that ovulation-inducing medi-
cal regimens must be given in higher doses to allow for success of treatment in the 
obese female patients [124, 125]. In a recent meta-analysis including 33 studies and 
almost 48,000 in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI) 
treatment cycles, women who were overweight or obese had reductions in clinical 
pregnancy rates and live birthrates that were marginal but significant when com-
pared to normal-weight women. Overweight and obese women in this analysis also 
had significantly higher miscarriage rates (RR = 1.31) than normal-weight women 
[126].

While the data appear compelling in associating obesity with suboptimal fertil-
ity, many questions remain. Much of the literature thus far has been suboptimal, 
with poor patient selection for many trials and lack of viable controls. In addition, 
many of the studies conducted have been retrospective in nature. Thus, while an as-
sociation can be seen, there is no clear conclusion or consensus on the mechanism 
of obesity on fertility.

Life Expectancy

While in the past two centuries life expectancy has lengthened due to factors such as 
lifesaving scientific discoveries, medical progress, and enhanced hygiene, the nega-
tive impact of obesity may end this trend. As a result, the current generation may 
be the first in evolution which has a lower life expectancy than their parents [127]. 
An analysis of data from the Framingham study confirmed that obesity is related to 
a reduction in life expectancy—for subjects who were 40 years old, obese men and 
women both had reductions in life expectancy of 6–7 years when compared to non-
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overweight cohorts [128]. The Prospective Studies Collaboration analysis [129] 
found that each 5 kg/m2 incremental increase in BMI over 25 is associated with 
increased risks for CHD (39 %), stroke (39 %), diabetes (216 %), cancer (10 %), and 
respiratory disease (20 %).

Effect of Fitness

Fitness level is also an important factor in obese individuals. In one study, higher 
levels of fitness appeared to negate some of the excess cardiovascular mortality risk 
associated with obesity in men [130]. In contrast, in the Lipids Research Clinics and 
the Nurses’ Health Studies, both physical fitness and adiposity were independent 
predictors of mortality, and higher levels of fitness did not negate the association 
between obesity and mortality [131, 132]. Recently, there has been a considerable 
debate as to whether or not it is possible to be “fat but fit,” with earlier studies 
seeming to suggest that individuals who were overweight or even obese but who 
were also physically fit and metabolically healthy had no greater risk of mortality 
as a result from heart disease or cancer than their normal-weight counterparts [133–
135]. However, a recent meta-analysis has challenged these findings, indicating that 
metabolically healthy obese individuals had increased risk for all-cause mortality 
and/or cardiovascular events (relative risk (RR), 1.24; 95 % CI, 1.02–1.55) when 
compared to metabolically healthy normal-weight individuals, and also found that 
all metabolically unhealthy groups (normal weight, overweight, and obese) exhib-
ited similarly increased risks [136].

The Burden of Obesity in Children

Disease Burdens on Obese Children

The prevalence of obesity has increased dramatically across all countries, races, 
and social factors, with an estimated global prevalence of childhood obesity reach-
ing 170 million children under the age of 18, such that life expectancy for younger 
generations is projected to be shorter for the first time in the modern era [127, 137] 
(see Life Expectancy). The childhood obesity epidemic is the result of a culmina-
tion of factors that include biological factors such as genetic factors and family 
histories of obesity, diabetes mellitus and hypertension, social determinants, and 
the newer factor of technological advancements that are associated with obesogenic 
behaviors and which promote sedentary lifestyles [138, 139]. Comorbidities signifi-
cantly associated with childhood obesity include diabetes, sleep apnea, fatty liver 
disease, and cardiovascular disease [140]. Childhood obesity also adversely affects 
lipid profiles [141], and is associated with elevated systolic and diastolic BP, high 
risks of hypertension, and adverse total cholesterol to HDL ratios, which can persist 
throughout childhood and adolescence and into adulthood [142–144]. Childhood 
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obesity has also been shown to increase the risk for menstrual problems later in 
life—for example, one study found that obesity at 7 years of age was associated 
with an increased risk of menstrual problems by age 33 (OR = 1.59) [145].

Social Burdens on Obese Children

The biological underpinnings and pathophysiology of obesity have been extensive-
ly researched, and more recently the psychosocial factors are also being determined 
to have a pronounced effect on child development and the quality of life [146]. 
Social determinants such as socioeconomic status affect children, in that lower-
income children are more likely to be more obese than their higher-income coun-
terparts, though there is no consistency across race or ethnicity. Children living 
in a household where the head of the household was not educated with a college 
degree were also found to be more likely to be obese than their counterparts living 
in a household where the head of the household was educated with a college degree 
[147]. Childhood obesity causes an overall negative impact on the physical health 
of children, both directly and indirectly. Much of the research on the psychosocial 
effects in children focus on adolescents, but recent studies using logistic regression 
using data from a “Be Active, Eat Right” Study of 2372 5-year-old children over 
the course of 2 years found through parent report that overweight and obese chil-
dren have OR of 5.70 (95 % CI: 4.10 to 7.92), and 35.34 (95 % CI: 19.16; 65.17), 
respectively for adverse treatment (such as being teased, left behind, or ignored) in 
comparison to normal-weight children [148]. Body weight is a contributing factor 
to mental issues that overweight and obese children face, such as self-esteem, self-
worth, body image, and mental health disorders [149]. The lack of research on the 
long-term effects of the psychosocial factors associated with the childhood obesity 
epidemic renders an unquantifiable negative impact. Researchers have begun to 
establish other social implications, specifically the associations between academic 
differences and increased BMI in children. Severe school absenteeism was found 
to be a more likely occurrence at an OR of 2.27 (95 % CI = 0.64–8.03) and 3.93 
(1.55–9.95) for overweight and obese children, respectively [150]. According to 
2009–2010 data, 17 % of all children were overweight or obese, leading to serious 
health consequences including premature mortality and adult morbidity, and impos-
ing the childhood obesity epidemic as a prominent public health problem [4].

Where Do We Go from Here?

Historical Overview

The immeasurable health burden of obesity has pushed the epidemic into the lime-
light as a significant public health issue of modern times, and its unprecedented 
growth in recent decades has prompted various legislative acts and calls to action 
by public health leaders [151]. Figure 2.2 shows the most recent obesity statistics by 



34 E. A. Lin et al.

state in the USA. Recently, obesity rates in the USA have slowed down and leveled 
off for the first time in decades [4].

The question remains as to whether the rate of obesity has merely reached a satu-
ration threshold in the population of the USA, or whether policy, community health 
initiatives, nutritional education, or growing health-conscious culture has dictated a 
halt in the epidemic. Obesity first became a dominant issue as significant changes 
occurred to the state of food supplies, transportation, physical activity, and commu-
nity infrastructures [152]. The food industry began substituting healthy ingredients 
for unhealthy, processed counterparts and increased portion sizes, while making 
“faster” foods more readily accessible and more affordable. Simultaneously, as 
technological advancements progressed, for example, in the automobile industry, 
and a drastic flight to suburban life ensued, Americans engaged in less unstructured 
physical activity to supplement a more sedentary lifestyle [153]. In the most recent 
two decades, as health-care costs associated with being overweight and obese in-
creased immensely, the government responded with implementation of regulations 
in the food and beverage industry such as nutritional information labeling, educa-
tion and awareness campaigns, and subsidies for farm-fresh food [154–156]. In ad-
dition, a general shift to “green” culture occurred in higher socioeconomic classes, 
as consumers directly demanded more transparency from the food industry by the 

Fig. 2.2   Obesity trends among adults in the USA from 1990 to 2010. (Maps generated by the 
Centers for Disease Control and Prevention (CDC), Atlanta Georgia)

Source: Behavioral Risk Factor Surveillance System, CDC.
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increased consumer interest in organic, sustainable, and unprocessed foods. How-
ever, obesity remains ingrained in the societal normalcy, as environmental factors 
and accessibility to healthy foods and time to dedicate to healthy living is com-
promised, especially for lower socioeconomic status individuals and communities 
[157] (Fig. 2.3).

Future Directions

The stagnant obesity rate may reflect a variety of the initiatives taken by differ-
ent levels of societal infrastructure, including government, community, family, and 
individual, and is a hopeful statistic elucidating the impact of the intrinsically col-
laborative nature of the four different levels on population health. At the onset of 
the obesity epidemic, a discussion on a person’s increase in weight was a segregat-
ing topic, but with the increasing shift in BMI of an entire global population, the 
epidemic prompted and continues to prompt an investigation of the many upstream 
and downstream constraints that affect worldwide health [158]. The upstream fac-
tors, such as information asymmetry about the foods we eat, the neighborhoods in 
which we live and the environmental constraints they pose, the budget and time 
constraints we face, and even the social reinforcement from those around us, have 

Fig. 2.3   Development of relative prices for various foods in the USA from 1983 to 2005. (Repro-
duced with permission from: Popkin, BM. Agricultural policies, food and public health. EMBO 
reports (2011) 12, 11–18. Illustration used with the permission of Nature Publishing Group. All 
rights reserved)
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powerful effects on the choices we make in terms of our health [159]. Moving 
forward to address the issue of obesity, policy makers must utilize a population ap-
proach that focuses on the gradual shift of the average adult and child BMI through 
even more transparency from the food and beverage industry, preventative efforts 
through nutritional education in primary schooling, and incentivizing individuals to 
establish trusting relationships between primary care providers to better their health 
[160, 161].
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Overview/Introduction

There currently is an obesity epidemic that threatens the population of the USA 
and that of the world. Currently, two thirds of the US population is overweight or 
obese. As a result, a large proportion of the population is at risk for a number of 
short- and long-term health consequences. These have been well described in pre-
ceding chapters. However, obesity is also associated with a number of significant 
psychiatric and psychosocial consequences. This chapter will review the most com-
mon psychiatric comorbidities of obesity with a focus on depression, anxiety, eating 
disorders, and substance use. These sections will include strategies for assessment 
and the impact of these disorders on outcome as well as the impact of weight loss on 
these disorders. Next, psychosocial consequences of obesity such as stigma, qual-
ity of life, and body image will be reviewed. Similarly, the bidirectional impact of 
these factors on weight loss will be discussed. Finally, conclusions will include 
future directions for the examination of the complex relationship between obesity 
and psychological factors.
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Psychological Comorbidities

Depression

A total of 20.9 million American adults or 9 % of the population have a mood disor-
der, the most common of which is major depression. Major depression is character-
ized by a depressed or irritable mood and/or a loss of interest in previously pleasur-
able activities lasting at least 2 weeks that represents a change from the person’s 
baseline. Additionally, symptoms often include problems with eating and sleeping, 
guilt, energy disturbance (e.g., fatigue and loss of energy), difficulty concentrating, 
negative self-evaluation, and thoughts about death or suicide [9, 10]. In population-
based studies, women are twice as likely to have depression as men [100]. A number 
of brief measures are frequently utilized to assess depression in medical populations 
and include clinical cutoffs for making diagnostic determinations. Such measures 
include the Centers for Epidemiological Studies-Depression Scale (CES-D) [96], 
the Patient Health Questionnaire (PHQ-9) [72], and the Beck Depression Inventory 
(BDI) [14].

There is a positive association between obesity and depression in women—one 
in seven obese women meets criteria for depression, a rate that is 37 % higher than 
normal-weight women [33]. In contrast, there is either a negative or no association 
between obesity and depression in men with 1 in 14 obese men meeting criteria for 
depression [6]. However, the relationship changes with more severe obesity. Both 
men and women with body mass index (BMI) ≥ 40 are more likely to have major de-
pression. Population-based studies demonstrate five times as many severely obese 
individuals have had depressive episode in the last year [88]. Further, in women 
seeking treatment for obesity, 37 % have clinical depression [89]. In severely obese 
individuals who are seeking weight loss surgery, research has documented signifi-
cant psychiatric vulnerability with depression, the most frequent comorbid psychi-
atric condition [62, 85]. For example, approximately 25–30 % of surgical candidates 
report depression at the time of evaluation with 50 % reporting a lifetime prevalence 
of mood disorder or an anxiety disorder [60]. Further, 72.5 % report a lifetime his-
tory of psychotropic medication use—87.7 % of which were antidepressants. Even 
after controlling for BMI, depression predicts greater prevalence of certain medical 
comorbidities among depressed bariatric surgery patients including: dyslipidemia, 
gastroesophageal reflux disease (GERD), back pain, joint pain, sleep apnea, stress 
incontinence, and hernias [3].

The relationship between depression and obesity is likely bidirectional. Depres-
sion may be a maintaining or exacerbating factor of obesity. For example, appetite 
disturbance is a key feature of depression and there is a close association between 
binge eating disorder (BED) and depression (~50 %; [57]). Depression often in-
cludes symptoms of avolition and loss of energy which may affect motivation for 
dietary change and physical activity. Additionally, the majority of mood stabilizers 
and antidepressants have weight gain side effects [123, 129]. Further, obesity may 
be a maintaining or exacerbating factor of depression. Body image disturbance (see 
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below for further discussion of body image) increases as BMI escalates and body 
image disturbance is a risk factor for depression [99]. In addition, as BMI increases, 
individuals are more likely to experience stigmatization, discrimination, and preju-
dice. Finally, obesity is associated with a number of medical comorbidities and 
chronic pain conditions which may exacerbate depressive symptoms. Studies have 
suggested shared genetic and pathophysiological pathways that put patients at risk 
for both obesity and depression including inflammation, structural, and functional 
abnormalities in various brain regions, metabolic, and hormonal factors [112, 117]. 
Meta-analyses examining the relationship between depression and obesity endorse 
bidirectionality. In reviewing longitudinal studies [75], Luppino et al. (2010) found 
that obese persons had a 55 % increased risk of developing depression over time and 
depressed persons had a 58 % increased risk of obesity over time.

Treatment of obesity often leads to a decrease in depression [17] and improve-
ments in depression have been reported after weight loss via lifestyle modification 
[18, 34, 35], pharmacotherapies [31, 45, 67, 101], and weight loss surgery [30, 39, 
85]. The impact of weight loss on depression is most strikingly demonstrated in 
weight loss surgery patients. Hayden and colleagues [47] demonstrated reductions 
of more than 50 % in BDI total scores from baseline to 1-year post adjustable gastric 
banding. In a prospective study following patients up to 3 years after Roux-en-Y 
gastric bypass, the point prevalence of depressive disorders as measured by struc-
tured clinical interviews dropped from 33 % preoperatively to 16.5 % between 6 
and 12 months postoperatively and to 14 % between years 2 and 3 [26]. Prospective 
studies have also demonstrated reductions in antidepressant usage and dosage fol-
lowing weight loss surgery [22, 47, 102]. However, depression may result in poorer 
weight loss outcomes in behavioral weight loss interventions [73, 89] and following 
weight loss surgery [61, 110]; and has been associated with poorer treatment adher-
ence [40]. Of significant concern are studies indicating a higher rate of suicide and 
accidental death post-bariatric surgery in comparison to population base rates and 
obesity-matched controls. However, it is unclear what risk is conferred from sur-
gery versus baseline differences in psychopathology and suicide history (see [51] 
for a review of obesity and suicide).

Overall, the impact of weight loss on mood-related improvement is highly en-
couraging. However, patients with symptoms of mood disorders should be followed 
closely to minimize any negative effects on weight loss. Some evidence suggests 
that adding behavior therapy to lifestyle weight loss interventions results in greater 
depression remission rates although weight loss is equivalent [90] .

Anxiety

Anxiety disorders are the most common psychiatric disorders, affecting approxi-
mately 25 % of individuals at some point in their lifetime [64]. Anxiety disorders 
cross a large spectrum of psychological symptoms but include disorders such as 
generalized anxiety disorder, panic disorder, specific phobias, social phobias, post-
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traumatic stress disorder, among others [10]. Anxiety disorders are often marked by 
both psychological symptoms (e.g., excessive worry, fear, rumination) and physi-
cal symptoms (e.g., tension, fatigue, agitation). Unfortunately, these symptoms are 
often chronic in nature and may co-occur with other psychiatric symptoms such 
as depression. Thus, anxiety is often screened with both broad-based measures of 
psychopathology such as the Symptom Checklist-90–Revised [27] or PRIME-MD 
[115] as well as specific instruments such as the Beck Anxiety Inventory (BAI; 
[15]).

Anxiety is markedly prevalent in obese populations. The pooled odds ratio from 
cross-sectional studies suggests an increased risk of 1.4 when compared to normal-
weight populations and specific and social phobias are particularly prevalent [39]. 
Although mood disorders are the most common lifetime diagnosis in bariatric pa-
tients, anxiety disorders are the most common current diagnosis, affecting approxi-
mately 18 % of those who present for weight loss surgery [26].

Like depression, the relationship between obesity and anxiety is stronger in 
higher BMI categories [16, 109] and may be reciprocal. For example, the negative 
impact of obesity on health and quality of life may be highly stressful and the stig-
matization experienced by patients may exacerbate certain anxiety disorders (e.g., 
social phobia; [39]). Conversely, anxiety disorders have been hypothesized to lead 
to weight gain due to hypothalamic–pituitary–adrenal axis dysregulation in stressed 
populations [23] or due to increased appetite and cravings due to anxiety symptoms 
[120]. However, the overall association between anxiety and obesity appears to be 
only moderate, and is based upon less rigorous studies in the empirical literature 
[39].

Far fewer studies have examined the impact of weight loss on anxiety with most 
focusing on anxiety following bariatric procedures. Unlike the impact of postsurgi-
cal weight loss on depression described above, no significant declines have been 
noted on point prevalence of anxiety disorders after massive weight loss post-bar-
iatric surgery [26]. Interestingly, individuals with both depression and anxiety dis-
orders—either currently or in their past—at baseline assessment had poorer weight 
loss outcomes [26]. Similarly, a lifetime history of an anxiety disorder was associ-
ated with poorer outcomes in surgical populations. Given the prevalence of anxiety 
in obese populations and its potential impact, continued monitoring and possible 
treatment are recommended in obese populations.

Binge Eating Disorder

BED has been defined as eating a larger quantity of food than normal in a discrete 
period of time (i.e., within 2 hours) and having a subjective sense of loss of con-
trol over eating (i.e., feeling as though one cannot stop eating; [10]). Binge eating 
episodes are associated with at least three of the following associated symptoms: 
eating past the point of fullness (i.e., uncomfortably full), eating large amounts of 
food when not physically hungry, eating rapidly, eating alone or hiding eating due 



473  Psychosocial Morbidity and the Effect of Weight Loss

to embarrassment, and experiencing distress/guilt after overeating [10]. Diagnostic 
criteria are met when binge episodes occur one time per week for a period of 3 
months [10]. Importantly, the diagnosis of BED was only recently added to the Di-
agnostic and Statistical Manual of Mental Disorders (DSM; [10]). Previously, such 
symptoms were considered an eating disorder not otherwise specified with suggest-
ed diagnosis when binge episodes occurred a minimum of two times per week for 
a period of 6 months [10]. The following literature review is from studies using the 
latter criterion for the proposed diagnosis of BED as per the DSM and may be un-
derrepresentative as the threshold for meeting diagnostic criteria has been lowered.

BED is differentiated from other eating disorders, in that it does not include 
compensatory behaviors (i.e.; vomiting, laxative/diuretic abuse, overexercise) as 
in bulimia nervosa or restricting calories as in anorexia nervosa [10]. Additionally, 
binge eating is differentiated from night eating and graze eating disorders. Although 
not formally recognized as a diagnosis in the DSM [10], night eating may be clini-
cally present in a subset of patients presenting for weight loss interventions [4, 87] 
[5]. Night eating is characterized by consuming at least 25 % of one’s daily caloric 
intake after the evening meal and/or nocturnal ingestions at least two times per 
week with subsequent distress related to the night eating episode [7]. Night eating 
episodes are associated with three of the following symptoms: no desire to eat in the 
morning and/or skipping breakfast four or more mornings per week, a strong urge 
to eat after dinner and/or during the night, sleep onset and/or sleep maintenance 
insomnia four or more times per week, perception of needing to eat to fall asleep, or 
worsening mood in the evening hours. A less researched maladaptive eating pattern 
is graze eating described as continuously snacking throughout the day often result-
ing in an irregular meal pattern and increased caloric intake, and is associated with 
a sense of loss of control over eating [25].

Researchers estimate that approximately 1 % (1.2 % 12-month prevalence, 2.8 % 
lifetime prevalence) of the population meets criteria for BED [54]. However, higher 
prevalence rates of BED are seen in obese patients seeking treatment in weight loss 
programs (ranging from 18 to 46 %) [24]. Additionally, lifetime prevalence rates 
for BED amongst obese patients seeking weight loss surgery utilizing a structured 
interview range from 13.1  [85], 14  [103], and 27.1 % [60]. Current prevalence rates 
of BED amongst those seeking weight loss surgery range from 10.1  [85], 16.0  [60], 
and 23.3 % [103].

Research indicates that BED is associated with higher rates of psychopathology 
[54, 121]. Specifically, BED has been associated with comorbid depression, anxi-
ety, impulse control, substance abuse [44, 54, 114] [57], bulimia, and personality 
traits [114]. Amongst patients seeking weight loss surgery, BED has been associ-
ated with higher rates of a current and lifetime mood disorder, current and lifetime 
anxiety disorder, as well as greater symptoms of reported depression and lower 
self-esteem [57].

The impact of BED on weight loss outcomes has been examined in a weight 
loss surgery population with variable results. Specifically, the majority of the lit-
erature indicates a lack of relationship between presurgical binge eating and weight 
loss outcomes, with only some studies indicating a negative or positive impact on 
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weight loss [74]. However, postoperative loss of control eating has been associated 
with poorer weight loss and psychological functioning (i.e., depressive symptoms, 
eating disturbance, and quality of life) at 12 and 24 months [128]. Due to the restric-
tive nature of bariatric surgery, there is a question as to whether patients could meet 
the “large amount of food” criteria for BED postoperatively [107]. However, when 
this behavioral criterion is omitted and the focus turns to “loss of control” eating, 
there are higher rates of BED found postoperatively [21, 58, 59, 80]. Despite a lack 
of association found between preoperative binge eating and postoperative weight 
loss, preoperative eating disorder treatment has been shown efficacious. Ashton and 
colleagues [11] found that patients diagnosed with BED who completed a psycho-
educational group for binge eating treatment and had a positive response to this 
intervention lost significantly more weight postoperatively than nonresponders.

Best practices in evaluating binge eating point to the utilization of standardized, 
empirically validated assessments of BED based on the DSM in addition to a brief, 
standardized DSM-based clinical interview [42] (Allison et al. 2006), with the most 
commonly used self-report screening questionnaire being the binge eating scale 
(BES; [13, 41]). Unfortunately, the methodology for assessing BED varies consid-
erably across studies [42] [5], making it difficult to draw conclusions, leading to a 
large prevalence of discrepancy and emphasizing the need for empirically validated 
measures of binge eating. The recent addition of BED to the DSM may facilitate 
standardization across future studies and direct validated measures of associated 
symptoms. However, with a lowered threshold for meeting diagnostic criteria (i.e., 
one binge episode per week for 3 months compared to two binge episodes per week 
for 6 months), previous literature may have underrepresented BED.

Substance Abuse/Dependence

According to the DSM [10], substance use disorders are the abuse or dependence of 
any substance including alcohol, tobacco, illicit drugs, or prescription medication(s). 
Substance abuse is defined as the recurrent use of a substance despite a negative and 
recurrent impact on social or occupational functioning, recurrent interaction with 
the legal system, and continuing to use in situations in which it is physically haz-
ardous [10]. Substance dependence is defined when a minimum of three of the fol-
lowing associated symptoms are met: tolerance (i.e., needing more of the substance 
in order to achieve the same effect), withdrawal, inability to reduce use despite 
attempts to do so, using more than intended, increased time spent in activities to 
obtain substances, withdrawal from other activities due to substance use, and con-
tinual use despite physical or psychological consequences [10].

The lifetime prevalence rate for any substance use disorder in the general popu-
lation is 15.3 % [65] with current prevalence rates for any substance use disorder of 
8.5–8.9 % in the general population [46, 65]. Interestingly, the lifetime prevalence 
rate for any substance use disorder is significantly higher amongst obese patients 
seeking weight loss surgery (35.7 % compared to 15.3 %; [85]) in comparison to 
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population norms. However, current rates of substance use disorder are lower than 
the population amongst obese patients seeking weight loss surgery [46, 65] (1 % 
compared to 8.5–8.9 %; [85]). The prevalence of current alcohol abuse or depen-
dence is less than 1 % in preoperative bariatric patients [60, 85]; however, a study 
examining alcohol use disorders based on a measure rather than clinical interview 
reported a prevalence rate of 7.6 % [66] which is similar to the general population 
rate of 8.5–8.9 % [46, 65]. It is unclear why current rates of abuse or dependence 
are lower in weight loss surgery populations; however, perhaps they are related to 
presurgical intervention or education as active alcohol and/or substance abuse or 
dependence is a contraindication for weight loss surgery [79].

Recent literature has examined increased rates of alcohol use disorders after 
weight loss surgery. Studies have found that 8.6 –12.8 % of patients reported an al-
cohol use disorder prior to gastric bypass surgery and 7.7 –10 % reported an alcohol 
use disorder after surgery [32, 80]. Another study found that amongst patients who 
had gastric bypass surgery within the past 2 years and who had reported an alcohol 
use disorder preoperatively in remission (83.3 % of patients), 21.4 % reported a cur-
rent alcohol use disorder [118]. Additionally, a study examined substance abuse 
treatment admissions and found that 2–6 % of admissions consisted of patients who 
had previously had weight loss surgery [106]. In a prospective study examining 
alcohol use in the year prior and 2 years post-weight loss surgery, higher rates of 
hazardous drinking as measured by the Alcohol Use Disorders Identification Test 
(AUDIT; [12]) were demonstrated prior to versus after weight loss surgery [66]. 
However, the rate of hazardous drinking increased significantly between the first 
and second year after gastric bypass surgery [66]. Specifically, the prevalence rate 
of alcohol use disorders was 7.6 % prior to surgery and 9.6 % after 2 years postop-
erative gastric bypass surgery [66]; a higher percentage than the population preva-
lence rate [46]. Risk factors identified include male gender, younger age, smoking, 
recreational drug use, regular consumption of alcohol prior to surgery, lower sense 
of belonging, and worse postoperative mental health and treatment [66]. Interest-
ingly, these findings are not replicated amongst patients who underwent alternate 
surgical procedures (i.e., adjustable gastric banding, sleeve gastrectomy) likely due 
to pharmacokinetic changes in the absorption of alcohol after gastric bypass surgery 
[66].

Despite literature indicating that gastric bypass patients are a particularly vul-
nerable population for concerns regarding alcohol use, a few studies have demon-
strated improved weight loss outcomes in patients with a history of substance abuse 
in remission [20, 48]. In particular, these studies found that patients with substance 
abuse in remission had better weight loss outcomes than patients without this his-
tory [20, 48]. The authors suggest that this history and subsequent remission of 
symptoms resulted in an increased ability to make major lifestyle changes similar to 
those required by weight loss surgery [20, 48].

The literature above indicating increased rates of lifetime substance use disorders 
[85] in obese patients emphasizes the importance of careful screening of substance 
use disorders, particularly screening for alcohol abuse in those seeking weight loss 
surgery [66]. Best practices in evaluating alcohol use disorders amongst weight loss 
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surgery candidates follow the screening guidelines from the National Institute on 
Alcohol Abuse and Alcoholism [50, 83] and include screening for at-risk or heavy 
drinking (i.e., five or greater drinks in a day for a man and four or greater drinks in 
a day for a woman; [83]) in addition to lifetime and/or current abuse or dependence 
[50] defined by the DSM-V; [10]. In addition to a brief, standardized DSM-based 
clinical interview, patient may be administered an AUDIT [12] to screen for at-risk 
drinking behaviors [50]. Other studies indicated screening for alcohol abuse using 
the CAGE [83]. CAGE items include the following: C—Have you ever felt you 
should cut down on your drinking? A—Have people annoyed you by criticizing 
your drinking? G—Have you ever felt bad or guilty about your drinking? E—Have 
you ever had a drink first thing in the morning to steady your nerves or to get rid of 
a hangover? [83].

For additional information on assessing and treating alcohol use disorders, visit 
http://pubs.niaaa.nih.gov/publications/AssessingAlcohol/index.htm [83]. For addi-
tional information on assessing and treating alcohol in a weight loss surgery popula-
tion read suggested recommendations by [50].

Psychosocial Consequences

Stigma

Persons with obesity are highly stigmatized and face prejudice and discrimination 
due to their weight. Although the majority of the population is overweight or obese, 
the prevalence of weight discrimination is comparable to rates of racial discrimi-
nation, especially among women [94]. Indeed, [38] Friedman et al. (2008) found 
100 % of bariatric patients reported a stigmatizing experience in the last month. In a 
review of the obesity stigma literature, [92] Puhl and Heuer (2009) noted empirical 
support for discrimination against the obese in a wide variety of domains including 
hiring, placement, and discharge prejudice in employment; wages and promotions; 
education; public accommodations (e.g., airlines, restaurants, theaters, buses, etc.); 
jury selection; rental housing; media; interpersonal relationships; and in adoption. 
Sources of stigmatization are varied. Puhl and Brownell (2006) [91] queried obese 
individuals about most common and frequent sources of stigmatization and found 
that family members were most frequent followed by doctors, classmates, cowork-
ers, spouses, and employers/supervisors. Commonly held stereotypes include that 
obese individuals are: lazy, overeat, or binge; unintelligent, lack willpower, and 
have poor hygiene; and are unattractive/ugly [91].

Unfortunately, there is little public attention to the issue of weight bias. Thus, 
obese individuals must endure, confront, and cope with these injustices largely on 
their own [92]. Stigmatization experiences have been associated with psychological 
distress as well as health behaviors. Weight stigmatization and weight-based teasing 
have been frequently suggested as mediators between obesity and depression [37] 
and weight-related teasing has been associated with depression in bariatric samples 
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even after controlling for BMI [19]. Weight bias may also mediate the relationship 
between obesity and self-esteem and poor body image that is often present in obese 
individuals [92]. When patients are queried regarding coping strategies for manag-
ing stigmatizing experiences, 80 % of women and 79 % of men endorsed eating. 
This was the second most utilized strategy after coping self-statements [91] sug-
gesting that stigmatization may make obesity worse. Similarly, a survey of obese 
women found that those who had internalized negative weight-based stereotypes 
had more frequent binge eating behaviors [93]. Experience with stigma has also 
been associated with avoidance of physical activity even after controlling for BMI 
and body image dissatisfaction [129]

Stigmatization of obese persons by physicians and other health-care profession-
als have been well documented. These include more explicit attitudes that are held 
in conscious awareness as well as implicit attitudes which occur automatically and 
are outside of conscious awareness. Physician’s explicit attitudes towards obese 
patients have been reported to include that they are: noncompliant, lazy, lacking in 
self-control, awkward, weak-willed, sloppy, unsuccessful, unintelligent, dishonest, 
and a “waste of physicians’ time” [92]. Higher BMI is significantly and negatively 
associated with physician perceptions that their patients will be non-adherent to 
medication (Prevalence risk ratio (PrR) = 0.76 per 10 kg/m2 increase in BMI) and 
is independent of actual medical adherence [55] and a higher BMI is significant-
ly and negatively associated with physicians’ reported “respect” for their patients 
(PrR = 0.83 per 10 kg/m2 increase in BMI; [55]). Physicians too may be stigmatized 
due to their weight. Individuals report more mistrust of overweight and/or obese 
physicians are less likely to follow their medical advice and more likely to switch 
providers and these attitudes are independent of the respondents’ weight status [95].

Obese patients experiencing stigmatizing encounters in health care have been 
shown to delay or forgo a variety of preventative health-care services (e.g., mam-
mography, cervical and colorectal cancer screenings; [92]. Patients often report 
negative attitudes of their providers, disrespect, and embarrassment about weighing 
procedures, unsolicited advice about their weight, and lack of weight-appropriate 
equipment [10]. Like cultural sensitivity, health-care professionals can increase 
skills and their environment to make all patients more comfortable and welcome. 
Language is an important component to this sensitivity [126]. Wadden and Di-
die (2003) queried obese men and women about what term they would like their 
physician to use when discussing their obesity. “Fatness,” “excess weight,” “large 
size,” and “obesity” were the lowest rated, most negative terms while “weight” and 
“BMI” were most favorable. Interestingly, when queried about attitudes about terms 
“obese people” or “fat people,” obese evoked stronger negative reactions in both 
genders [125]. To make patients of all sizes more comfortable, individuals should 
be weighed in a private setting, away from other patients and personnel. Further, 
weight should be recorded silently without commentary or negative body language 
(e.g., expression of shock or disgust). Finally, appropriate, wide-based scales that 
measure > 350 pounds are recommended for all health-care settings. More informa-
tion on setting up an appropriate physical environment is offered by the Yale Rudd 
Center for Food Policy and Obesity (http://www.yaleruddcenter.org/resources/
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bias_toolkit/index.html). To combat bias and stigma, providers should strive to re-
member that: (1) obesity is a chronic disease that results from a complex interplay 
between biological, genetic, psychosocial, and environmental factors; (2) obese 
patients come in all shapes and sizes as well as personality profiles, physical and 
psychological strengths, and weaknesses; (3) there is benefit and merit in all human 
diversity including the diversity of size, shape, and weight; and (4) obese patients 
have the right to be treated as a unique individual.

Impact on Outcome

Quality of Life

Health- and weight-related quality of life are negatively impacted by obesity [69]. 
Numerous studies have indicated that patients seeking weight loss surgery have 
more impaired health-related quality of life (HRQoL) than patients seeking non-
surgical weight loss intervention [62, 68], obese patients not seeking weight loss 
intervention [68], and those in normative samples [28]. Additionally, several studies 
have shown improved health-related quality of life (HQRoL) after weight loss via 
weight loss surgery [70, 71, 105, 111]. Compared to individuals treated nonsurgi-
cally, those who underwent weight loss surgery showed better outcomes on several 
measures of HRQoL over a 10-year period [66]. Improvements in the quality of life 
related to postoperative phases of weight loss, weight regain, and weight mainte-
nance with most improvements noted in the first year of weight loss [63]. Between 
years 1 and 6, the authors noted a decline in HRQoL due to weight regain and then 
between years 6 and 10 noted stabilized HRQoL due to weight maintenance with 
10-year data suggesting improved HRQoL over baseline [63]. Similarly, other stud-
ies indicated improved HRQoL in surgical patients over nonsurgical patients at 2 
years [70] and 3–6 years [71, 86].

Body Image

Body image is an important aspect of the quality of life [105] and one of the most 
prevalent motivators for weight loss amongst weight loss surgery candidates [127]. 
Severe obesity is associated with body image dissatisfaction [36, 116]. Specifically, 
body image dissatisfaction has been positively associated with BMI, indicating 
worsening body image with increasing obesity [36, 103]. Obese individuals seeking 
weight loss surgery have been shown to have higher body image dissatisfaction than 
normative samples even after weight loss [119]. Risk factors for poor body image 
including the degree of obesity, female gender, younger age, Caucasian race, history 
of childhood onset obesity, and a history of BED or weight cycling [108]. Amongst 
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obese women, body image dissatisfaction is also associated with increased depres-
sive symptoms, lower self-esteem, and a history of teasing [43, 78, 103].

Much of the literature indicates that body image improves with weight loss [1, 
29, 36] and after weight loss via weight loss surgery [2, 53, 76, 84, 104, 105, 119, 
122]. Additionally, reductions in body image dissatisfaction has been associated 
with increased weight loss [29, 105] and improved quality of life [105]. However, 
some literature indicates persistent negative body image after weight loss via weight 
loss surgery [52]. This may be related to decreasing ideal body size with weight 
loss [82, 113]. Improvements or lack thereof in body image may also be related to 
continual depressive symptoms rather than excess weight loss [77]. Additionally, 
persistent negative body image may be related to excess skin, continual overweight/
obese status despite weight loss, traits such as perfectionism or low self-esteem 
[119] [102], size estimations [108], or unrealistic weight loss expectations [49].

Conclusions/Future Directions

Obesity is associated with significant psychiatric and psychosocial impairment in-
cluding higher rates of depression, anxiety, substance abuse or dependence, as well 
as impaired quality of life, negative body image, and experiencing negative social 
stigma. Escalating rates of obesity amongst both adults and children emphasize 
the need to comprehensively assess and treat obesity and its comorbid medical and 
psychological conditions. Given the potential impact of and bidirectional relation-
ship between obesity, mood, substance use disorders, eating disorders, and quality 
of life, all must be taken into account in determining an appropriate patient-centered 
treatment plan. The complexity of obesity points to the utilization of a multidisci-
plinary treatment team including medicine, psychology, nutrition, exercise physiol-
ogy, and when appropriate surgery, when assessing and treating this condition.

Future research should further examine the impact of obesity on psychological 
and psychosocial factors with sustained weight loss as well as duration of weight 
maintenance. Future research should also begin to explore preventative strategies 
for obesity and its medical and psychological comorbidities.
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The combination of dietary modification, increased physical activity, and behav-
ioral therapy is the most effective nonsurgical obesity treatment available [1]. The 
US Preventative Services Task Force is recommending that clinicians refer obese 
individuals to “intensive, multicomponent behavioral interventions” and is conse-
quently a mandate under the Affordable Care Act [2, 3]. Additionally, the Centers 
for Medicare and Medicaid Services recently added a provision calling for “in-
tensive behavioral counseling” to obese seniors [4]. As a result of these national 
changes, health-care providers familiarizing themselves with the fundamentals of 
behavioral therapy is apropos and will be outlined as such in this chapter.

Defining Lifestyle Modification

Lifestyle modification programs are composed of caloric restriction, physical ac-
tivity expenditure, and behavioral therapy. The overriding feature of behavioral 
therapy is to help patients develop specific strategies to increase compliance with 
diet and exercise [5–7]. The short-term treatment traditionally involves attendance 
of 20–26 weekly group meetings yielding a mean weight loss of 9 % (8.5 kg). Los-
ing 5–10 % of initial weight is a goal set forth by the Institute of Medicine of the 
National Academy of Sciences, the World Health Organization, and the National 
Heart, Lung and Blood Institute to ultimately improve obesity-associated comor-
bidities [8]. Educating patients regarding these modest weight loss targets may help 
alleviate their dissatisfaction with their weight losses and prevent possible prema-
ture forfeiture of their participation.
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The traditional characteristics of behavioral treatment are multiple and include 
food and activity journaling, frequent weigh-ins, caloric restriction through con-
sumption of low-energy-dense foods, high levels of physical activity, improved 
food environments, problem-solving and cognitive therapy. Skilled providers of 
behavioral therapy guide patients to identify what behavior needs changing with 
examination of possible elements that may help or hinder goal attainment. This 
process-oriented, patient-centered approach is collaborative and a defining feature 
of motivational interviewing, a form of therapy used in the behavioral treatment of 
obesity [9].

Well-known investigators, such as the Diabetes Prevention Program research 
group (DPP), afforded evidence that behavioral treatment is valid and reliable [10]. 
The DPP’s purpose was to evaluate the effectiveness of lifestyle interventions in 
reducing the incidence of prediabetic individuals from progressing to type II dia-
betes mellitus. This randomized, controlled intervention involved over 3000 obese 
individuals in 27 centers across the country. The lifestyle intervention group was 
able to reduce the incidence of diabetes by 58 %, outperforming the metformin and 
placebo counterparts. As a result of these impressive results, YMCAs across the 
country offer DPP programs for prediabetic individuals.

The Look AHEAD (action for health in diabetes) study similarly depicts the 
effectiveness of lifestyle interventions [11]. This study is considered the largest pro-
spective, ethnically diverse lifestyle intervention to date. The study authors recruit-
ed over 5000 men and women at 16 different centers with type II diabetes mellitus 
and randomly assigned them to one of the two groups: the intensive lifestyle inter-
vention group or the control group. The lifestyle intervention group participated in 
42 group and/or counseling sessions over a year’s time, while the control group met 
only three times for educational sessions. The intensive lifestyle group was able to 
achieve the gold standard with weight loss—just over 8 %, while the control group 
was unable to achieve significant weight losses.

Treatment Delivery

Lifestyle modification programs can be delivered in groups, one-on-one sessions, 
or a combination of both. Sessions typically meet weekly in 60–90-minute intervals 
and are facilitated by registered dietitians (RDs), behavioral psychologists, and/or 
exercise specialists. The group may begin with a didactic component, with presen-
tation of a nutrition/behavioral topic, followed by planning for the upcoming week 
[12]. The meeting’s focus is program adherence, problem-solving specific steps 
to accomplish desired behaviors, relapse prevention, and recovery in addition, to 
review of alternative coping strategies exclusive of food.
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Groups

Facilitating patients to support each other in a group process can be effective in get-
ting patients to change their behavior, as well as taking some of the burden off the 
provider. Other benefits to the group process include helping patients not feel alone 
with their weight struggle, reducing the cost of individual appointments typically 
not covered by insurance, and increasing patients’ motivation to comply as their 
weight change is made public during meetings [12]. This accountability and support 
is what attracts patients to these groups. Perri and colleagues demonstrated signifi-
cantly greater weight reductions in subjects when behavioral therapy was conducted 
in groups versus individually [13].

Additionally, group commercial weight loss programs enhanced induction of 
clinically significant weight losses in the Lighten Up Study. This randomized con-
trolled trial compared one-on-one counseling sessions conducted in primary care 
offices to group commercial weight loss programs in over 700 subjects. The study 
authors suspect the primary care providers’ less than superior results may have been 
due in part to the missing group dynamic. [14].

Group attendance is often predictive of weight loss [15, 16]. While the data sup-
porting group behavioral therapy may be more apparent, groups are not ideal for 
every patient. It is anecdotally true that patients can and do hide out in groups.

Remote Support

Appel et al. recently found remote support equally effective at producing clinically 
significant weight losses in obese subjects when compared with in-person behavior-
al treatment [17]. Both the in-person and remote support patients attended follow-
up visits at 6, 12, and 24 months with the primary care physician (PCP) where they 
were weighed and provided guidance on their computer-generated report accessed 
from the website. Trained weight loss coaches worked in collaboration with the 
PCP in delivering group or individual sessions to the in-person intervention, while 
those in the remote support intervention were counseled via telephone. The deliv-
ery of the behavioral counseling, not the frequency, was the defining characteristic 
between the two interventions.

At the conclusion of 2 years, the weight change from baseline was 1.1 % in the 
control group, 5 % receiving remote support, and 5.2 % in the group receiving in-
person treatment. These results demonstrate that the remote behavioral counseling 
can be just as effective as face-to-face counseling in achieving clinically significant 
weight losses.

Internet behavioral counseling was also compared to standard Internet treatment. 
All participants were asked to submit their weight and food records via a web-based 
diary. Email reminders were submitted weekly for the entire 12 months of the study. 
The behavioral counseling group received feedback on their food records, rein-
forcement for identified behaviors, and recommendations for change. At 12 months, 
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the addition of e-counseling doubled the percentage of initial weight loss from 2.2 
to 4.8 % [18] compared to the standard treatment group.

The paradigm of remote counseling with reinforcement has far-reaching impli-
cations. Consider the patient’s reduced burden from missing time from work, find-
ing and paying for a parking space, and cost of commuting. While more studies are 
needed to confirm its effectiveness, this and other recent studies are promising.

Weight Loss Surgery Candidates

Although surgical weight losses produce the maximum results, not every patient is a 
candidate for weight loss surgery or open to this type of intervention. Furthermore, 
the realities of weight regain after bariatric surgery have been demonstrated [19]. 
Encouraging surgical patients both pre- and postoperatively to practice specific 
lifestyle interventions may help bode for a more successful outcome and dismiss 
patient’s false belief that surgery will “cure their obesity” and reduce postsurgical 
complications [20].

A randomized controlled trial found Hispanic subjects who received “compre-
hensive nutrition and lifestyle education” sessions experienced significantly greater 
excess weight losses at 1 year following, gastric bypass than their control counter-
parts [21]. Additionally, postoperative gastric bypass subjects who engaged in di-
etary self-monitoring were less likely to suffer from weight regain [22, 23]. Further 
studies are needed that examine the impact of lifestyle modification on pre- and 
postsurgery subjects since there are a limited number of well-designed randomized 
controlled trials [24].

Choose Your Words Wisely

It is important to put yourself in the shoes of the patient, especially since negative 
biases from health-care providers towards their obese patients have been demon-
strated [7]. Barbara Rolls [25] and her colleagues from the Department of Nutri-
tional Science at Pennsylvania State University found that subjects are more apt to 
change their behavior after hearing what to do in lieu of what not to do. Two types 
of messages were delivered to two randomly assigned groups of obese women. The 
first group of women was counseled to reduce their fat intake, while the second 
group was advised to increase the energy density of their diet. Energy density is the 
amount of total calories of a food, related to its weight. Influencers of food’s energy 
density include water, fiber, and fat. Fruits and vegetables are a mainstay of low-
energy-dense or low-calorie diets.

Throughout the year, both groups received individualized counseling with weigh-
ins and participated in group lessons consisting of holiday eating, label reading, 
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dining out, grocery shopping, and recipe modification. Both groups were asked to 
keep food records and these records were reviewed individually with the dietitian.

Significant weight losses were achieved in both groups. However, the group that 
was advised to add more water-rich foods, was able to lose 33 % more weight at 6 
months compared to the group coached in the more traditional restrictive messages 
to eat less. Additionally, records kept by the participants indicated that those who 
ate more water-rich foods consumed 25 % greater food by weight and experienced 
less hunger than those on the reduced fat approach. The authors speculate that the 
increased compliance was also attributable to the increased satiety from the high 
volume of food consumed.

This study coincides with American beliefs reported in the International Food 
Information Council Foundation in which 78 % of Americans identified themselves 
as preferring to hear what they should eat rather than what they should not eat [26].

A smaller-scale study done by Epstein [27] and colleagues found encouraging 
consumption of fruit and vegetables to families with children at high risk of obesity 
experienced better outcomes, compared to the group who received messages to de-
crease their fat and sugar intake. Interestingly, the parents of the high-risk children, 
not the children, experienced significant weight losses and increased their fruit and 
vegetable intake by approximately three servings per day; in contrast to their low-
fat, low-sugar group counterparts.

Self-monitoring With Food Journaling

Self-monitoring is the cornerstone of many weight loss interventions. Albert Ban-
dera, the father of social cognitive theory (SCT), asserts that self-monitoring is a 
process which forces us to pay attention to our own behavior. SCT assumes that 
without this focus, undesired actions, such as eating foods that we otherwise would 
not eat or know we should not eat, cannot be modified. Ultimately, self-monitor-
ing promotes self-regulation [28]. A meta-analysis published in the Journal of the 
American Dietetic Association reviewed the effectiveness of dietary self-monitoring 
and its effects on weight loss in 15 studies. Associations between self-monitoring 
and weight loss were consistently found. As one might estimate, weight losses are 
highly correlated with frequent and more thorough food records [29, 30].

Dietary Self-monitoring Using Technology

While self-monitoring is effective, providers need strategies to increase compli-
ance with this essential behavior. Self-monitoring using technology is one recently 
identified strategy. As of now, greater weight losses occur when remote technology 
is added to in-person patient provider contact [31–33].
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Lora Burke and her colleagues discovered increased compliance with food re-
cording using personal digital assistants (PDAs). This advantage was noted to be 
most beneficial in the first 6 months of the study, where PDA users self-monitored 
80–90 % of the time, compared to their paper recording counterparts who only self-
monitored 55 % of the time [16].

The greatest adherence and weight losses were witnessed in the group that re-
ceived personalized feedback messages through the PDA platform. PDA messages 
were tailored to the individual and included such reminders as “taking a few min-
utes to record will help you meet your goals” or “watch portion sizes to control 
calories.” All study groups (paper method, PDA, and PDA with feedback) experi-
enced some weight regain in the 2nd year of the study, with the least amount in the 
PDA with feedback. The authors concluded that the additive coaching may have 
been responsible for the superior results.

Similar results were published in the Journal of Internal Medicine where pre-
dominantly male subjects were randomized into a technology or standard interven-
tion group [34]. The technology group received coaching calls, was advised to re-
cord food intake throughout the day via their PDA, and attended behavioral classes 
led by a psychologist, dietitian, or physician. The standard group did not receive 
coaching calls but tracked their food via paper method and attended group meet-
ings. The technology group achieved and sustained significantly greater weight 
losses contrasted with the standard group. This benefit occurred for the remainder 
of the study (7–12 months), even after cessation of the coaching calls. The enhanced 
weight losses may have been due to the combination of individualized coaching 
calls and tracking technology.

Using technology to increase compliance of self-monitoring shows promise and 
is aligned with our technology-centered world. Once patients learn how to self-
monitor using specific apps and software, most of them are relieved at the ease of 
entering their food. They have access to a large database of foods; foods are subto-
taled as they are entered and the ability to reach calorie and protein goals are con-
cretely assessed on a day-to-day basis. Additional benefits include easy retraction 
of frequently eaten meals and portability of the “paperless notebook” in the event a 
smart phone or tablet is used.

According to SCT, not all patients possess the “behavioral capability” to perform 
self-monitoring effectively. This process of skills training may need to be part of 
in-clinic consultations or group meetings.

Another strategy to increase compliance with self-monitoring and behavior 
change, in general, may be reminding patients they do not have to be perfect. Patients 
hold themselves to very high standards and this “perfectionist” mentality may often 
be a barrier to change or managing unexpected setbacks. In Lora Burke’s study [16], 
subjects who adhered to food recording 30–59 % of the time were nonetheless able 
to lose significant weight. Consistency with self-monitoring should ultimately be 
the focus, as this will have the greatest impact with weight loss. However, benefits 
are achieved even when our patients have not been compliant all the time. Studies 
have shown that early compliance (with self-monitoring and attendance) predicts 
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long-term weight losses in the POUNDS LOST study (prevention of obesity using 
novel dietary strategies) [35].

Improving Underreporting of Food Intake

It is estimated that underreporting is more common in the obese population, which 
have been known to underestimate their caloric intake by as much as 20–40 % [7]. 
These uncounted calories could prevent patients from losing weight. While meal 
replacements may help alleviate some of these errors, it is desirable for patients to 
improve upon their ability to estimate portion sizes. Several researchers have invari-
ably found improvements in reporting errors with specialized self-monitoring train-
ing [36]. The various teaching media include food models, food photographs, il-
lustrations or graphs. A focus group acknowledged that this type of food estimation 
training improved their comfort in reporting less socially desirable food choices. 
The goal of this specialized training is to mitigate underreporting errors, not neces-
sarily ameliorate this phenomenon. A registered or licensed dietitian professional is 
highly skilled at this type of instruction.

Self-monitoring With Weighing

Similar to self-monitoring of food consumed, regular weighing can both slow 
weight regain and facilitate weight losses. While the necessary frequency is debat-
ed, individuals who weigh at least once weekly can more quickly identify a lapse or 
obtain reinforcement for a behavioral accomplishment. The Institute of Medicine of 
the National Academy of Sciences, the World Health Organization, and the National 
Heart, Lung and Blood Institute all recommend regular weighing to help ensure 
long-term weight maintenance [1].

A review article by VanWormer and colleagues examined the evidence of 12 
studies that included frequent self-weighing. They concluded from 11 out of the 12 
studies that frequent self-weighing is a good predictor of moderate weight loss and 
weight maintenance. This is true for both for individuals who have lost weight and 
are attempting to keep it off, and for individuals who are attempting to avoid weight 
gain in the first place [37, 38].

The Health Works trial examined the efficacy of preventing weight gain via fre-
quent weighing. Six worksites with more these 250 employees in the Minneapolis 
area were recruited. Three of the worksites received a weight gain prevention in-
tervention and the other three worksites received no treatment. Weights were mea-
sured at baseline and 24-month follow-up. The intervention group had access to 
stations with scales where they recorded and submitted their weight into a locked 
box. At 2-year follow-up, monthly self-weighers ended up gaining weight, while 
daily self-weighers experienced the greatest weight losses [39].
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The study to prevent regain (STOP) tested the efficacy of weekly weighing as a 
self-regulation strategy to prevent weight regain after significant weight loss. Over 
300 subjects who had lost at least 10 % of their initial body weight within 2 years 
prior were recruited to either a face-to-face intervention, Internet intervention, or con-
trol group. Both intervention groups were given a scale, weighed and submitted their 
weekly weight through the telephone or Internet. They were taught to compare their 
maintenance start weight with their current weight. If they had gained more than 3 
pounds, they were instructed to use the weight loss approach that afforded them the 
initial weight loss or a standard behavioral approach.

Both groups attended weekly meetings in the first month and then monthly there-
after throughout the 18-month study. The Internet group participated in their meet-
ings via a chat room led by the same nutritionist, exercise physiologist, and clinical 
psychologist who led the face-to-face group. Clinic assessments occurred for all 
groups at 6, 12, and 18 months. During the 18-month period, 72 % of the control 
group regained greater than 5 pounds, compared with only 54.8 % in the Internet 
group and 45.7 % in the face-to-face group. While the face-to-face group produced 
the most superior results, the Internet intervention should be considered a viable 
option to help patients prevent weight regain [40].

The evidence supports encouraging patients to weigh often. Reminding resistant 
patients of the benefits of weighing and that their weight is unrelated to their worth 
is appropriate.

Macronutrients and Dietary Interventions

Only one in three Americans realizes that all calorie sources influence weight gain. 
Equally troubling, only 38 % of Americans give serious thought about the number 
of calories they consume [26].

Providers and patients inquire what specific macronutrient or macronutrient com-
bination will afford the greatest weight loss. Sacks and colleagues set out to inves-
tigate this pressing question and recruited over 800 subjects and randomly assigned 
them to one of four diet groups, including: low fat, average protein; low fat, high 
protein; high fat, average protein; or high fat, high protein. Meal plans, group and 
individual sessions were provided over 2 year’s time. Each diet, irrespective of mac-
ronutrient intake, was equally successful at achieving clinically significant weight 
loss and maintenance [15]. Similarly, Dansigner and colleagues found that diet com-
pliance, irrespective of dietary intervention type (Atkins, Ornish, Weight Watchers, 
and the Zone), was the greatest determinant in predicting weight losses [41].

Superior initial weight losses have been demonstrated in the low-carbohydrate 
diet approach when contrasted with the conventional low-fat diet. However, these 
weight loss differences become statistically insignificant at 1 year [42–44].

One identified limitation of these specific low-carbohydrate dietary interventions 
is the lack of behavioral counseling. Subsequently, Foster and colleagues sought out 
to investigate the effects of a low-carbohydrate approach compared with a low-fat 
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diet; this time, with the incorporation of intensive lifestyle counseling. Interestingly, 
the results of this 2-year trial echo Sacks’ conclusions; that lifestyle modification 
programs help facilitate greater adherence to any dietary approach [45].

While Mediterranean diets have the potential to be calorically dense, they are 
showing promise with weight loss. Common foods consumed with this approach 
are nuts at 175 kcal/ounce, olive oil at 120 kcal/tablespoon and avocado, one-half 
of whole equal to 150 kcal. The dietary intervention randomized controlled trial 
(DIRECT) study evaluated a calorie-restricted Mediterranean diet, different from 
the traditional Mediterranean diet. They randomly assigned over 300 moderately 
obese adults to one of the three diet interventions. The dietary interventions in-
cluded a calorie-restricted low-fat diet, a Mediterranean calorie-restricted diet, or a 
low-carbohydrate noncalorie restricted diet over 2 year’s time. The subjects in the 
Mediterranean arm were advised to not exceed 35 % of the calories coming from 
fat. They consumed 2–3 tablespoons of olive oil and 5–7 nuts per day, fish and 
chicken, and high quantities of vegetables. The intervention model used dietary 
group sessions by an RD, spousal support, food labels in the cafeteria, and monthly 
weighing—all conducted in the subject’s workplace. At the conclusion of 2 years, 
both the Mediterranean and low-carbohydrate groups’ weight losses were greatest 
when compared to the calorie-controlled low-fat diet [46].

Similarly, a low-carbohydrate Mediterranean (LCM) diet was compared to a 
standard Mediterranean and American Diabetes Association (ADA) diet in a com-
munity-based intervention [47]. The subjects were overweight individuals with type 
II DM and randomly assigned to one of the dietary interventions. All of the subjects 
met individually with the dietitian every 2 weeks for 1 year. While the weight loss 
in the LCM group was greatest, this difference was not considered significant. It is 
notable that the LCM group achieved the greatest metabolic benefit. High-density 
lipoprotein (HDL) levels in the LCM group increased by 12 % and low-density lipo-
protein (LDL) levels were reduced by an additional 8 % when compared to the other 
diet intervention. This type of dietary intervention should be considered for patients 
with diabetes who are at high risk of cardiovascular events [47, 48].

Meal Replacements Accelerate Weight Loss

Meal replacements are premeasured portioned food products that are used to re-
place conventional meals or snacks. Protein shakes, preportioned entrees, and pro-
tein-rich bars are available both over-the-counter or at medically supervised weight 
loss clinics. Meal replacement usage is a common dietary intervention of lifestyle 
programs and should be considered as a viable weight loss approach.

Besides replacing higher calorie conventional food choices, meal replacements 
are thought to enhance compliance through simplifying food choices, controlling 
portions, and providing easy-to-prepare meals and snacks. When a two prepor-
tioned entree-per day-regimen was compared to a self-select diet group, the subjects 
consuming preportioned entrees were able to lose 56 % more weight [49]. Meal re-
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placements exceed patients’ ability to choose, prepare, measure, and consume foods 
in the recommended portions.

A study by Ashley and colleagues analyzed the effectiveness of using meal re-
placements in premenopausal overweight women. Over 100 subjects were random-
ized into one of the three groups: RD visits without meal replacements (MRs), RD 
group visits with MRs or 10-min nurse/MD visits with MRs. In the second year, all 
of the groups attended monthly seminars with quick visits with the RD. The group 
with the RD group visits and MR showed the greatest differences in weight loss 
with increased ability to maintain their weight losses [50].

Very low calorie diets (VLCDs) are dietary interventions comprising complete 
meal replacement usage totaling as low as < 500 kcal per day. The long-term effica-
cy of the VLCD approach is and has been questioned. In 1994, Wadden and Foster 
were able to show the superior weight loss effect of VLCDs at 6 months; however, 
this group regained approximately 50 % of the weight they initially lost at 1 year 
when compared to their balanced deficit diet (BDD) counterparts who successfully 
maintained all of their initial losses [51]. This study supports proponents of “slow 
and steady” weight loss.

Anderson and colleagues sought out to examine long-term weight loss main-
tenance of individuals completing a structured weight loss program. This meta-
analysis examined four very low energy diets (VLEDs) with eight hypo-energetic 
balanced diets (HBDs). Both groups had follow-up weights at 4.5 years. The com-
parison found that subjects who had greater initial weight losses were able to main-
tain three times more weight loss at 4.5 years than their HBD counterparts. Thus, 
while both subsets ended up with some weight regain, the VLED subjects fared 
better both with initial weight losses and sustaining their weight losses. In fact, the 
VLED individuals were successfully maintaining 23.4 % of their initial weight loss 
at 5 years [52]. These results support the hypothesis that momentous weight losses 
keep patients more engaged and motivated, hence, ultimately more successful.

The benefit of using meal replacements has also been demonstrated in mainte-
nance. Anderson and colleagues prospectively identified patients who lost at least 
100 pounds. The subjects participated in an intensive, medically-supervised, be-
havioral weight management intervention using meal replacements. These subjects 
attended weekly behavioral education classes for 18 months and then returned to 
the program for re-treatment during the 5 years they were followed. During mainte-
nance, they were counseled to consume a minimum of 2 MRs per day, greater than 
2000 kcal/week of physical activity expenditure, and ≥ 35 servings of fruits and 
vegetables per week. At 5 years, 58 % of the subjects were keeping off on average 
66 pounds or 49 % of their initial weight losses [53].

Partial meal replacement (PMR) usage is a compromised approach between 
a strict VLCD and a balanced deficit diet (BDD). It is composed of one to two 
portion-controlled MRs along with conventional meals and snacks. Heymsfield 
and colleagues reviewed six randomized controlled trials using PMRs in a meta-
analysis. Weight losses after 1 year in the PMR-treated subjects exceeded the BDD 
-treated group by 5.3–7.5 pounds. Moreover, the PMR group witnessed a reduced 
attrition rate [54].
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The intervention arm of the Look AHEAD trial additionally used PMRs. Sub-
jects were advised to replace breakfast and lunch with an over-the-counter or phy-
sician-prescribed protein-rich shake and one snack with a protein-rich bar. Dinner 
provided the option of prepared entrees or conventional foods. Two-meal replace-
ment per day were additionally recommended 7–12 months into the study inter-
vention to help maintain the initial weight that was lost. When stratifying meal 
replacement usage into quartiles, subjects who consumed a greater number of meal 
replacements lost significantly more weight. Participants with the highest quartile 
of meal replacement usage had four times greater odds of reaching the 7 % weight 
loss goal than subjects in the lowest quartile [55].

Despite research available outlining the benefits of VLCDs or PMR programs, 
consideration of a patient’s food preferences in tailoring a particular food plan 
should be first and foremost. Providing patients with defined food plans outlining 
specific food types and amounts has also been shown to be effective and should be 
considered as an alternative to patients who are adverse to meal replacements [56].

Environment Influences Food Choices

According to the 2013 Food & Health Survey, 64 % of Americans identified their 
lack of taking greater control of their weight, attributable to their “lack of willpower 
[26].” In truth, environmental cues or triggers such as the oversized dinner plate, 
family-sized box of breakfast cereal, or option to super-size a meal, may be a greater 
contributor to overeating. These types of environmental triggers should be assessed 
when counseling patients desiring to lose weight.

In 2004, both a Washington Post article titled, “Whose Fault is Fat?” and Yale 
Center for Eating and Weight Disorders, director Kelly Brownell’s book Food 
Fight, make the argument that “genes load the gun and the environment pulls the 
trigger [57, 58].” Furthermore, the estimated increase in energy intake of more than 
500 calories per day from 1970 to 2000 supports the notion that our environment is 
the likely culprit of increasing weights in both children and adults from the National 
Health and Nutrition Examination Survey [59–61].

Examples of environmental strategies that mitigate eating include eating off a 
small dinner plate, having fruits and vegetables in obvious locations, avoiding pur-
chasing trigger types of foods (i.e., large bag of chips), purchasing preportioned foods, 
bringing healthier options of foods to events where tempting foods will be present, 
and sharing restaurant entrees. For a detailed publication to provide to patients, see 
America on the Move’s 100 Ways to Create an Environment for Success [62].
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Implementation Intentions (Otherwise Known as Planning)

Eighty-one percent of Americans feel they have direct control over their weight with 
88 % believing they have control over the healthfulness of their diet [26]. While that 
belief may exist, there is clearly a gap between good intentions to eat healthfully and 
actual behavior. A recent meta-analysis sought to investigate if “implementation in-
tentions”—which specify the where, when, and how of goal attainment—improved 
fruit and vegetable consumption and reduced consumption of unhealthy snacks.

“If I am in the grocery store and tempted to eat a chocolate bar, I will consume 
the protein bar in my purse instead” is an example of an implementation intention. 
Implementation intentions which promoted healthy eating behaviors found positive 
effects in 12 out of 15 studies. Reviewing how patients will achieve specific desired 
behaviors in classes or appointments is both a relevant and beneficial behavioral 
tool [63].

Conclusion

Treating obesity as a chronic disease, as recently defined by the American Medical 
Association, is crucial [64]. With an estimated 80 % of people not following the 
advice of their health-care providers to change health behaviors [65], it should be 
no surprise that this line of work needs ample follow-up, patience, and fine tuning. 
Avoidance of losing patients to follow-up should be of primary concern. Recognize 
that patients feel shame and may avoid confronting their suboptimal performance. 
Empathize with them and remind them you are there to help problem-solve adher-
ence and not to judge.

The aforementioned strategies of self-monitoring, meal replacement usage, and 
environmental control into a comprehensive weight loss program or individual pa-
tient appointment are viable and vetted components to be considered while treating 
obese and/or overweight patients. The goal is to find which specific techniques 
work for your patients while helping them avoid feeling too overwhelmed.
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Physical Activity trends

Obesity trends have demonstrated a steady rise over the past several decades (www.
cdc.gov/obesity/data/trends) [1]. Obesity has increased as a major public health 
concern over the last several decades, and so has the focus on identifying the risk 
factors and lifestyle habits that contribute to this epidemic. Physical activity and ex-
ercise are seen as markers of health and fitness; however, as a whole the American 
population repeatedly falls short on meeting minimum activity recommendations. 
Optimal physical activity levels help to combat and prevent obesity and many of 
its comorbidities. The benefits of exercise not only include weight loss and weight 
maintenance but also go well beyond just weight management. Physicians are fun-
damental to addressing obesity in the office as well as encouraging patients to alter 
unhealthy lifestyle habits. Just as physicians provide prescriptions to aid with smok-
ing cessation or hypertension, physicians also need to play a role in addressing and 
encouraging Americans of all ages to participate in regular physical activity. Unfor-
tunately, many physicians lack the time or expertise to counsel patients regarding 
the benefits of activity as well as the steps needed to begin an exercise program.

Multiple measures of activity levels in Americans show consistent and under-
whelming trends—essentially most Americans do not exercise routinely or enough 
to receive many of the benefits for optimal health and wellness. Leisure-time physi-
cal activity measures from 1988 to 2008 demonstrate consistent rates of inactivity 
ranging from 31 % in 1988 to about 25 % of the population in 2008 [2]. Essentially, 
one person in four did not participate in any consistent or regular leisure-time activ-
ity in 2010 according to the Centers for Disease Control and Prevention’s (CDC) 
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Behavioral Risk Factor Surveillance System (BRFSS) [3]. In 2003, less than half of 
the US states polled had at least 50 % of the population who achieved recommended 
levels of physical activity [2]. The recommended levels of activity were defined as 
30 min of moderate intensity activity at least 5 days per week or a total of 150 min 
of activity per week (Table  5.1). Again in 2007, the prevalence of the US adult 
population to meet recommended physical activity levels was measured between 
45 and 50 % in most states [2]. Additionally, in 2005 the BRFSS found that 14 % 
of Americans were inactive—doing less than 10 min of activity per week [2]. Ad-
ditionally, 38 % of the population is insufficiently active—they may be doing some 
activity but not quite enough to gain the health benefits of regular exercise. Between 
1997 and 2012, even though there was a trend upward in the number of adults meet-
ing federal recommended activity guidelines, the data still remains unimpressive, 
see Fig. 5.1. In total, less than 50 % of Americans are achieving the minimum rec-
ommended amount of aerobic physical activity on a regular basis, and this number 
drops to approximately 20 % when you assess the number of Americans achieving 
the minimum recommended amount of aerobic and resistance activity on a regular 
basis. This lack of regular activity contributes to an increased risk of obesity as well 
as an increased risk of mortality from both cardiovascular and noncardiovascular 
diseases [3–6] (Fig. 5.2).

For decades the CDC and medical societies such as the American College of 
Sports Medicine (ACSM) and American Heart Association (AHA) have worked 
to promote physical activity in the American population, however, the results have 
been disappointing at best. In part, the American population has been inundated 
with various recommendations from different medical societies as well as the lay 
press, which has lead to confusion about how much and what type of exercise is re-
ally needed on a regular basis for optimal health and fitness. When medical societies 

Table 5.1   General physical activities defined by level of intensity. The following is in accordance 
with CDC and ACSM guidelines. (http://www.cdc.gov/physicalactivity/everyone/measuring/
index.html, http://www.cdc.gov/nccdphp/dnpa/physical/pdf/PA_Intensity_table_2_1.pdf)

Moderate intensity
3.0–6.0 METs
(3.5–7 kcal/min)

Vigorous intensity
Greater than 6.0 METs
(than 7 kcal/min)

Walking briskly (3–4.5 mph, but not race 
walking)

Race walking, jogging, or running
Swimming laps

Water aerobics Tennis (singles)
Bicycling slower than 10 miles per hour Aerobic dancing
Tennis (doubles) Bicycling 10 miles per hour or faster
Ballroom dancing Jumping rope
Golf—wheeling or carrying clubs Heavy gardening (continuous digging or 

hoeing)
Hiking uphill or with a heavy backpack

CDC Centers for Disease Control and Prevention, ACSM American College of Sports Medicine, 
METs metabolic equivalents

http://www.cdc.gov/nccdphp/dnpa/physical/pdf/PA_Intensity_table_2_1.pdf
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have quite differing opinions regarding the amount and intensity of activity it leads 
many to become frustrated. Fortunately, the AHA and the ACSM have helped to 
clarify the public health recommendations for physical activity. Recommendations 
are moderate to ensure that they are realistic and achievable, with some of the most 
recent recommendations in 2008. Additionally, in 2009, the ACSM also published 
guidelines regarding the amount of physical activity for children, adults and the 
elderly for weight loss and maintenance. In 1990, 2000 and 2010, physical activity 
recommendations have been included as a part of the public health goals within 
the CDC’s Healthy People Initiatives. Sadly, as the obesity epidemic continues in 
the USA, the public health initiatives have not made great strides in significantly 
impacting physical activity levels.

Definitions

Exercise and physical activity are typically used interchangeably; however, their 
exact definitions are distinct. Exercise is structured and repetitive physical activ-
ity designed to maintain or improve specific components of physical fitness [7, 8]. 
The components of physical activity include cardiorespiratory endurance, muscular 
strength, flexibility, and body composition. When individuals train for any activity 

Fig. 5.1   Percentage of adults aged 18 and over who met the 2008 federal physical guidelines 
for aerobic activity through leisure-time aerobic activity: United States 1997–2012. (Data from 
the CDC/National Center for Health Statistics (NCHS), National Health Interview Survey, 1997–
2002, Sample Adult Core Component)
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or sport, they are performing exercise, examples include running on a treadmill, 
cycling or taking an aerobics class. While in comparison, the term physical ac-
tivity includes all leisure and nonleisure body movements resulting in increased 
energy output from the resting condition [8]. Physical activity includes activities 
of daily living, occupational activity, transportation, and leisure [7]. Walking your 
dog, biking to work, vacuuming your home, and gardening are all types of physical 
activity. All exercise is a type of physical activity; however, all physical activity is 
not exercise. In short, exercise is intentional physical activity for improving health 
and fitness [7]. Active daily living, the goal of most health recommendations, is 
the implementation of physical activity as an integral and meaningful part of daily 
life. Not only should individuals aim to have structured physical activity daily, they 
should also focus on being active in nonstructured ways, such as walking to lunch 
or taking the stairs.

Physical fitness is also used within the literature, and is defined by measured 
health and skill-related assessments for cardiorespiratory fitness, muscular strength 
and endurance, body composition, flexibility, balance, agility, reaction time, and 
power [8]. Different types of exercise and physical activity will help to improve 
different aspects of physical fitness. For example, running or walking will improve 
cardiorespiratory fitness while pilates will improve flexibility, balance, and muscu-

Fig. 5.2   Percentage of adults aged 18 and over who met the 2008 federal physical activity 
guidelines for both aerobic and muscle-strengthening activities through leisure-time aerobic and 
muscle-strengthening activities: United States, 1997 to September 2013. (Data from CDC/NCHS, 
National Health Interview Survey, 1997 to September 2013, Sample Adult Core Component)

 



815  Physical Activity and Writing an Exercise Prescription

lar strength. To improve different aspects of one’s fitness, it is important to combine 
a variety of activities.

Exercise can then further be split into aerobic and nonaerobic exercise. Aerobic 
exercise includes activities that are rhythmic in nature, using large muscle groups 
at moderate intensities for prolonged periods of time with the goal of keeping the 
heart rate elevated. The elevation in the heart rate as well as the amount of work 
performed during the activity determines the intensity of the exercise. The more 
intense the activity the more energy or calories expended per minute. Typically, in-
tensity is evaluated in terms of metabolic equivalents (METs). METs is the unit used 
to estimate the amount of oxygen used by the body during physical activity [7, 8].

Moderate intensity physical activity refers to the level of effort in which a person 
should experience while exercising. There are a variety of definitions of moderate 
intensity activity and include: some increase in breathing or heart rate, a “perceived 
exertion” of 11–14 on the Borg scale of 6–20, 3–6 METs, and any activity that burns 
3.5–7 calories per minute [7, 8]. While participating in moderate intensity activity 
patients should be able to hold a conversation with someone; this can be an easy 
guideline to help patients monitor intensity levels. Examples of moderate intensity 
activity include walking briskly, dancing, swimming, or bicycling. Vigorous activ-
ity levels are typically intense enough to represent a substantial challenge to an 
individual. With vigorous activity there will be a large increase in heart rate and 
breathing rate, a perceived exertion score of 15 or greater on the Borg scale of 6–20, 
a METs of 6 or greater and includes any activity that burns more than 7 calories per 
minute [7, 8]. Patients will no longer be able to hold a conversation with someone 
while exercising. Examples of vigorous activity include jogging, high-impact aero-
bic dancing, swimming continuous laps, or bicycling uphill.

Resistance activity or weight training is nonaerobic activity, which includes 
movements that use repeated and progressive contractions of specific muscle groups 
to increase muscle strength, endurance, and power. Traditional resistance training 
consists of lifting heavier weights with long rest periods in between. In comparison, 
circuit training includes lifting lighter weights with shorter rest periods in between, 
which allows for an aerobic component to the workout [9].

Benefits of Exercise

Physical activity and exercise are recommended as fundamental components of 
weight management programs by most public health agencies and scientific or-
ganizations. However, for many patients exercise is seen as a means to an end: 
you exercise to lose weight. When activity is not combined with other lifestyle 
interventions, such as dietary change, the results can be disappointing at best [10]. 
The real benefit of exercise and activity during weight loss is the increased caloric 
expenditure, which can induce greater weight loss compared with diet alone, even 
in patients with severe obesity [5]. Physical activity will help to prevent loss of lean 
body mass during weight loss and will assist with greater reductions in abdominal 
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visceral fat [5, 9]. In addition to the role regular activity plays in active weight loss, 
studies demonstrate even greater benefit of regular activity in long term weight 
maintenance and prevention of weight regain [11]. Preventing weight regain can 
be more difficult than the initial weight loss process itself and physical activity is 
seen as a must for optimal long-term management [12, 13]. Studies of the National 
Weight Control Registry point to the inclusion of regular physical activity as one of 
the cornerstone themes for successful long-term weight management—suggesting 
the need for higher levels of activity than previously recommended [11]. Weight 
loss, weight maintenance, and prevention of weight gain are fundamental benefits 
of regular activity; However, they must be used in combination with diet and life-
style change for optimal results.

The benefits of regular physical activity go well beyond weight loss and manage-
ment. Studies have showed that the relative risk of death from any cause as well as 
from cardiovascular causes is elevated in patients who are unfit [14]. Furthermore, 
Myers group has shown that relative risk of death in patients with cardiovascular 
risk factors was reduced among men who reached an exercise capacity of at least 
5 METs. A 1-MET improvement on an exercise test was associated with a 12 % 
improvement in survival in men [14]. Studies in women have demonstrated similar, 
if not more impressive, survival benefits as well [15]. Kokkinos et al. demonstrated 
survival benefits in older men aged 65–92 who were able to achieve an exercise 
capacity of > 5 METs [16]. The Aerobics Center Longitudinal Study of Healthy 
Women compared death rates of overweight and obese women and found that unfit 
women had a death rate more than double those of fit women [17]. Additionally, 
patients do not need to become athletes to reach these benefits. Small improvements 
in fitness, such as moving from a sedentary to an unsedentary lifestyle can reap the 
largest health benefits [16, 18, 19]. Blair et al., demonstrated the survival curves for 
change and lack of change in physical fitness in a study of healthy and unhealthy 
men, suggesting improved survival benefit for all men moving from unfit to fit 
quintiles by the end of the trial [20]. Collectively these studies and others suggest 
that fitness lowers cardiovascular death by a graded and inverse association with 
cardiovascular and all-cause mortality [14, 15, 17, 21, 22].

The well defined benefits of regular activity include: a reduction in all-cause 
mortality, heart disease, stroke, type II diabetes, hypertension, hyperlipidemia, 
metabolic syndrome, colon cancer, and breast cancer [23–25]. Improvements in 
cholesterol include reductions in total cholesterol, triglyceride and low-density lipo-
protein (LDL) levels as well as increases in high-density lipoprotein (HDL) levels 
[24, 25]. Other important benefits continue to emerge in the literature and include 
reduced depression, reduced falls, and improved cognitive functioning [25]. And 
most importantly, lack of weight loss does not diminish these benefits, but lack of 
consistency with activity does [25]. Some exercise and activity benefits can dissi-
pate after as little as 3 weeks of cessation of activity, so consistent activity is key for 
persistent long-term benefits [25].

The use of exercise and activity to target a specific disease—for either preven-
tion or treatment—has long been recommended. Chronic diseases including car-
diovascular disease, hypertension, hyperlipidemia, hepatic steatosis, diabetes, and 
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arthritis have been shown to improve with regular and consistent physical activity. 
In severely obese adults, exercise is important for reduction in hepatic steatosis as 
well abdominal fat [5]. The benefits of physical activity and regular exercise on 
blood sugar control have long been documented in diabetics as well. Boule et al. 
demonstrated a reduction in HbA1c of 0.66 % after 8 weeks of exercise interven-
tion despite stable weights following the intervention, suggesting that the impact on 
HbA1c reduction is independent of weight loss [26]. Exercise increases glycogen 
synthesis as well as improves free fatty acid delivery and uptake in the muscle, sta-
bilizes key proteins in insulin signaling, improves mitochondrial function, improves 
capillary blood flow into the muscle, and reduces inflammation via tumor necrosis 
factor (TNF) alpha [27]. When evaluating the impact of fitness on mortality in dia-
betics, Church et al. demonstrated that obese men in the lowest fitness group had 
a 5.6 times higher risk of death compared with normal-weight men in the highest 
fitness group [28]. Studies have shown that the duration of activity is the primary 
factor in response to insulin action, with a minimum of 170 min of activity needed 
per week, regardless of intensity, suggesting that the current guidelines regarding 
physical activity would prove adequate for diabetics [23, 29]. Not only does physi-
cal activity reduce mortality and improve blood sugar in diabetics but also it helps 
with the prevention of diabetes. The Diabetes Prevention Program Research Group 
demonstrated a reduction in the risk of developing diabetes early on as well as at 
the 10-year follow-up in the lifestyle intervention group [30, 31]. These studies 
demonstrated that lifestyle modification can delay and prevent the development of 
diabetes and in some cases more effectively than the use of pharmacologic agents. 
For years, lifestyle changes, i.e., diet and exercise, have been on the forefront of 
diabetes care, but patients rarely dedicate themselves to making consistent change 
and physicians do not always have the time to stress its importance. However, the 
continued support, education, and accountability for each patient are crucial for 
lifestyle changes to be consistent and successful.

The benefits of resistance activity or strength training have become clearer in 
the last decade. Classically, resistance training improves muscular strength, mus-
cular endurance, and muscle mass but will not lead to significant weight loss [11]. 
Strength training does contribute to an increase in basal energy expenditure as well 
as help to reduce visceral adipose tissue, which is associated with metabolic syn-
drome [6, 9, 25]. Weight bearing activity on the skeletal system can also stimulate 
bone formation in young adults and slow bone loss in the middle aged, all of which 
has helped to lower the risk of osteoporosis, osteopenia, and bone fractures [6, 7, 9, 
18, 25]. Resistance activity can also improve glucose metabolism, with improve-
ments in HbA1c of 1.1–1.2 % following consistent strength training activity [26, 
32]. Frequently, aerobic activity is thought of as the primary activity to improve car-
dio-metabolic risk factors, but resistance training can also impact cardio-metabolic 
risk factors, including improving lipid profiles and aiding with glucose metabolism 
in diabetics as well as prediabetics [9, 11, 25].

The importance of strength training is frequently overlooked in older patients. 
However, the benefits of strength training in the elderly are quite impressive and 
include an improvement in balance and a reduction in falls, as well as improved 
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quality of life, physical independence, and improved skeletal muscle neuromuscu-
lar function and structure [9]. There are no age limits to these benefits. Studies have 
documented improved strength and daily functioning in elderly men and women 
even after as little as 10 weeks of activity [10]. Benefits seen in seniors included 
quicker walking speed, ability to climb more stairs, and increased muscle size in the 
thighs as well as decreased falls [10]. Encouraging elderly patients to incorporate 
resistance activity into exercise routines can reap large benefits for daily function-
ing and prolonged independence.

Physical Activity Guidelines

The current guidelines from the US Department of Health and Human Services for 
adults aged 18–64 years of age are 150 min of moderate intensity cardiovascular ac-
tivity per week or 75 min of vigorous activity per week, plus 2 or more nonconsecu-
tive days of muscle strengthening activity per week [23]. For adults over 65 years 
of age the recommendations are the same. However, if adults suffer from a chronic 
illness, the recommendations stress that older adults should be as active as the dis-
ability allows. The guidelines emphasize that inactivity should be avoided and that 
the more activity individuals participate in, the greater the health benefits. Keep in 
mind that these guidelines are for attaining health benefits, and not for optimizing 
weight loss or weight maintenance. Regardless of the initial goal of activity, this is 
a good starting place for most patients, especially if they are currently sedentary.

The recommendations for weight loss and weight maintenance start at the same 
point—150 min of cardiovascular activity per week. But according to the ACSM, 
overweight and obese patients will see greater weight loss and enhanced preven-
tion of weight gain with doses of activity at 250–300 min per week plus two non-
consecutive days of resistance activity per week [11]. It is at this point that the 
recommendations and guidelines become blurred for patients and truly require indi-
vidualization. Many others argue that for weight loss and for prevention of weight 
regain, patients will require much higher levels of physical activity and the more 
activity the greater reduction in weight [32]. The National Weight Control Registry 
has demonstrated consistently that high levels of activity, upwards of 60 min per 
day, are critical for long-term weight loss success [33]. Additionally, research done 
on groups of identical twin pairs has demonstrated significant individual variability 
in response to identical exercise interventions, again suggesting that the amount of 
activity required for weight loss and maintenance will vary from person to person 
and require personalization [10, 11, 25].

So how much activity is really enough? It really depends on each patient’s goals. 
Is the ultimate goal weight loss, blood pressure reduction, improved functional sta-
tus, or weight maintenance? For many patients who are losing weight or maintain-
ing weight loss the amount of activity they need to reach the goal varies—for some 
45 min per day is sufficient, while others may need more. For those aiming for 
fitness goals or preserving lean body mass during active weight loss, recommenda-
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tions become specifically focused for each patient in regards to the combination of 
resistance and cardiovascular activity. So the basic exercise and activity recommen-
dations are an ideal starting place for each patient, however, over time and as the 
patient focuses on their desired goals, the recommendations need to be individual-
ized for optimal results.

The bottom line regarding exercise recommendations—some activity is better 
than none and starting patients slowly helps to limit injury and fatigue. Patients 
just need to become active whether it is walking regularly or going to the gym for a 
structured exercise class. Finding activities patients will continue long term is most 
important. In fact, studies suggest patients lose similar amounts of weight regard-
less of whether they participate in structured exercise or increased daily activity 
[34]. Yet, in the long term, patients who increase their daily activity are more likely 
to remain active longer and maintain their weight loss [34]. Additionally, exercise 
and activity sessions can be split up over the course of the day into smaller 10-min 
sessions if needed. Jakicic et al. demonstrated that dividing one long exercise bout 
into several smaller bouts over the day might help to improve patients’ adherence to 
regular and consistent activity [35]. Finally, pedometers can serve as an inexpensive 
tool to aid in motivation and tracking of activity levels and studies demonstrate that 
pedometers are associated with significant increases in physical activity as well as 
weight loss [36, 37]. Finding ways for patients to remain compliant with activity for 
the long term is key to making successful progress with lifestyle changes for weight 
loss, weight maintenance, and disease prevention.

Activity recommendations for the diabetic patient should start with the same 
goal of at least 150 min of moderate intensity physical activity per week in com-
bination with 2 days of resistance activity, as this is a good starting place for most 
patients. However, for optimal blood sugar control requesting that patients aim for 
150 min per week to be split up into at least 3 days per week, with no more than 2 
consecutive days without activity [38]. Patients need to be encouraged to participate 
in both aerobic and anaerobic activity on a regular basis [38]. The improvements to 
blood sugar are transient, and if patients discontinue regular aerobic physical activ-
ity the benefits are lost as well; however, resistance training benefits from increased 
muscle mass may persist longer despite cessation of activity [38].

Physical activity recommendations specifically for the bariatric patients have not 
yet been defined and only a handful of studies have looked at the impact of activity 
on weight loss post surgery. However, there are data to suggest that patients will 
experience improved weight loss and decreased loss of lean body mass with regular 
and consistent physical activity post surgery [39–41]. Additionally, individuals who 
were active after surgery had greater improvements on the quality of life scores re-
lated to mental health, general health, and vitality [39]. Initially after surgery, high 
intensity exercise is not advised during the initial catabolic phase following surgery 
[42]. Walking can be the primary activity in the first 3–6 months following surgery 
[42]. To prevent loss of lean mass during rapid weight loss, encourage patients 
to participate in strength training regularly. Several studies confirm an association 
between regular physical activity and increased weight loss, decreased body mass 
index (BMI) and improved postsurgical outcomes, so advising patients to start slow 
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and providing them the tools and regular follow-up for success will be key to ensur-
ing long-term weight loss maintenance [41, 42].

According to the CDC, patients without a diagnosed chronic condition (diabetes, 
coronary artery disease (CAD), arthritis) and who do not have symptoms of car-
diovascular disease do not need to consult a physician prior to initiating physical 
activity [23]. In any patient, regardless of age, who has signs or symptoms of CAD 
or with a history of CAD, exercise testing should be performed prior to starting 
an exercise program [43]. In asymptomatic healthy patients, who are not planning 
vigorous activity there is no indication to undergo cardiac stress testing prior to 
activity, regardless of age [43]. However, exercise stress testing is appropriate in 
asymptomatic women ≥ 50 and men ≥ 40 who plan to engage in vigorous intensity 
activity. Finally, consider testing asymptomatic patients with two or more risk fac-
tors for CAD, a 10-year cardiovascular disease (CVD) risk of > 10 % or in patients 
with diabetes who plan to start a vigorous intensity program. Risk factors include 
hyperlipidemia, smoking, myocardial infraction (MI) in a relative < 60 years of age, 
and diabetes [43].

The Exercise Prescription

Most physicians encourage physical activity and regular exercise, but many unfor-
tunately, do not know how to write an exercise prescription or are not aware of the 
current guidelines and recommendations for physical activity. As office appoint-
ments become shorter and physician time is limited, there is simply less time to 
counsel patients. The healthcare community needs to refocus our patients to look at 
the importance of prevention and healthy habits. Physical inactivity is a modifiable 
risk factor that can help improve health, lower disease burden, and reduce mortality. 
Physicians need to provide solid, evidence-based activity recommendations and re-
mind patients that there is no “silver bullet” or “quick fix” to getting fit; instead, fit-
ness requires dedicated lifestyle changes, including regular and consistent exercise.

Most patients want to lose weight, get healthy, and be fit. Unfortunately, all too 
often patients state that they know what to do to be healthy, but they just cannot 
seem to stick to it for the long term. This problem sadly occurs too frequently, and 
particularly in patients who have battled their weight most of their lives. Giving pa-
tients concrete directions and guidance regarding their diet and exercise regimens, 
in as little as 3–8  min of interaction [44], has been shown to positively impact 
activity levels. This is the theory behind the US Surgeon General and the Institute 
of Medicine’s (IOM) 2010 Campaign: Exercise Is Medicine [45]. This slogan en-
courages physicians and other healthcare professionals to take a more active role in 
motivating patients to meet exercise and physical activity recommendations for pre-
vention and treatment of disease. Some studies have suggested that < 35 % of adult 
patients receive activity counseling during their clinic visits [46, 47]. This low rate 
of physician counseling is a missed opportunity for prevention of obesity especially 
in the setting of increasing obesity prevalence as well as stable trends towards inac-
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tive lifestyles [47]. Patients need to think of exercise as medicine, just as they would 
take a prescription medication daily, they too need to exercise daily with the same 
diligence. Studies demonstrate that exercise counseling is most effective when a 
prescription is provided and is accompanied with regular follow-up [44]. Follow-up 
at subsequent visits is important; studies suggest that overweight patients are 5.5 
times more likely to continue the activity when doctors follow-up on the exercise 
recommendations compared with patients who received less counseling [44].

So where should physicians and health care providers start? First, identify real-
istic goals for each patient. Evaluate and consider each patient’s individual needs. 
For example, when patients are unstable on their feet, consider physical therapy to 
optimize balance. Patients with no physical activity experience may benefit from 
group classes or one-on-one instruction with a trainer for guidance and safety. Iden-
tify activities they enjoy and think of activities outside of the gym—do they like to 
swim, dance (such as ballroom or ballet), or perform martial arts? Make a plan; set 
a goal with a follow-up appointment to discuss results.

Writing a prescription provides structure to the recommendations and gives pa-
tients a concrete goal. The FITT principle—prescribing frequency, intensity, time, 
and type of activity can provide the basic outline for a safe program in overweight 
and obese patients. [46]. Write out for patients how frequently they need to par-
ticipate in the activity—daily or a few times per week. Start patients slowly with 
achievable goals to motivate them and not overwhelm them. Recommend the in-
tensity you would like them to exercise at—a healthy young female who has been 
exercising for several months may be able to reach a vigorous intensity, where most 
older patients are likely going to do best at a low to moderate intensity level. Teach 
patients to check their heart rate or give them an objective measure to ensure they 
stay at the right intensity. Consider the Borg scale or articulate clearly that they 
should be able to hold a conversation while walking on the treadmill at moderate in-
tensity. Start patients on a gradual progression of time using 10–20-min increments, 
keeping in mind that several short bouts can be just as effective as one long bout of 
activity daily [28]. Finally, focus on types of activity that will be convenient, acces-
sible, and enjoyable for the patient as this will help to encourage compliance [46].

Identifying and addressing barriers to activity can help to prevent poor compli-
ance in advance. Barriers include advancing age and disabilities, low income, low 
motivation, unrealistic expectations of benefits, poor self perception to participate 
in activity, lack of support or limited facilities, and unsafe neighborhoods [23]. As-
sessing the barriers at the initial visit can help patients to find ways around them so 
that activity is more likely. If patients lack time related to employment or family ob-
ligations, the use of a pedometer can allow then to track their daily activity to better 
assess the need for additional activity. A reasonable goal when using a pedometer is 
to increase the number of steps walked daily by 1,000 each month until you walk at 
least 5,000 steps per day at baseline. Patients can continue to increase to an optimal 
goal of 10,000 steps per day [36].

The importance of regular physical activity and exercise cannot be undervalued. 
As the rates of diabetes and obesity remain elevated, the steps for prevention and 
treatment must include lifestyle changes, and specifically include increased physi-
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cal activity. Health-care professionals need to stress this with their patients at every 
visit. The health benefits of activity occur regardless of age and weight loss, and no 
patient is exempt from the need for activity. The CDC emphasizes the importance of 
getting Americans moving, with fairly modest recommendations that are designed 
to be reasonable and obtainable by the majority of patients. These guidelines are a 
great starting place and patients need to be pushed beyond them on an individual 
basis regardless of whether they are losing weight after bariatric surgery, maintain-
ing a recent weight loss, or optimizing blood glucose levels. With every refill for a 
medication or prescription for a lab test physicians need to include a prescription for 
exercise. All health-care partners must remind patients of the benefits of an active 
lifestyle because the long-term risks of inactivity are far too great—for everyone.
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Introduction

The prevalence of obesity now exceeds 34 % for US adults [1], and the prevalence of 
more severe obesity (body mass index (BMI)/40 kg/m2) continues to rise [2]. Exces-
sive weight is a health risk for children and adolescents too [3]. The fundamental prob-
lem producing obesity is a small, but prolonged, positive energy balance, where en-
ergy derived from food exceeds energy expended for everyday living [4, 5]. Obesity is 
associated with many illnesses that are related to and may be caused by excess fat [6].

In response to the impact of obesity on morbidity and health-care costs, and the 
health and potential cost benefits of modest weight loss, the Center for Medicare 
Services (CMS) announced in 2012 that reimbursement would be provided for up 
to 14 sessions of intensive behavioral therapy for obesity, when delivered by pri-
mary care providers [7]. Primary care physicians are at the forefront of attempts to 
manage the chronic conditions (type 2 diabetes, hypertension, dyslipidemia, sleep 
apnea, nonalcoholic fatty liver disease) that result from obesity as a root cause. This 
practice group is compelled to help their patients in achieving and sustaining weight 
loss, so as to prevent and improve these chronic diseases.

In this chapter, we will discuss the pharmacological treatment of the patient 
with obesity from two perspectives—use of medications approved for obesity per 
se and the selection of medications that affect body weight for obese patients 
who already have complications from their obesity and who are receiving these 



92 G. A. Bray and D. H. Ryan

medications for chronic disease management. Although some medications are ap-
propriate for both groups, others are only approved for the obese patient who has 
already developed comorbidity, but if they also produce weight loss so much the 
better for the patient.

Medications Approved by the US Food and Drug 
Administration (FDA) for the Treatment of the Patient 
with Obesity

Two groups of medications are described below. The first are the agents approved 
for long-term treatment of obesity which include, orlistat, lorcaserin, the combina-
tion of phentermine and topiramate as an extended release (PHEN/TPM ER) formu-
lation, and the combination of bupropion and naltrexone in a sustained release form. 
Liraglutide, which is anticipated to become available in later 2015, has also been 
approved by the FDA for long term use. The second are the medications approved 
by the US Food and Drug Administration (FDA) for short-term use. Interestingly, 
the FDA has given the last three drugs approved for treatment of weight an indica-
tion for “chronic weight management” indicating that management of obesity is 
like other chronic diseases in that it requires long-term, chronic care. The drugs 
approved for obesity are shown in Table 6.1.

Orlistat (Marketed as Xenical in the USA)

Orlistat (tetrahydrolipstatin) is approved by the US FDA for long-term management 
of obesity. Orlistat is a potent and selective inhibitor of pancreatic lipase that reduc-
es intestinal digestion of fat. It is available as a prescription drug (120 mg tid (three 
times a day) before meals). A number of long-term clinical trials with orlistat have 
been published using patients with uncomplicated obesity and patients with obesity 
and diabetes [8]. A 4-year double-blind, randomized, placebo-controlled trial with 
orlistat in 3304 overweight patients, 21 % of whom had impaired glucose tolerance 
[9], achieved a weight loss during the first year of more than 11 % below baseline 
in the orlistat-treated group compared to 6 % below baseline in the placebo-treated 
group. Over the remaining 3 years of the trial, there was a small regain in weight, 
with the orlistat-treated patients remaining 6.9 % below baseline, compared with 
4.1 % for those receiving placebo. There was a reduction of 37 % in the conversion 
of patients from impaired glucose tolerance to diabetes.

Use of orlistat has also been studied in children; 539 adolescents received 120 mg 
three times per day compared to placebo [10]. BMI decreased by 0.55 kg/m2 in the 
drug-treated group compared to an increase of + 0.31 kg/m2 in the placebo group 
[10]. In a meta-analysis of trials with orlistat, the weighted mean weight loss in the 
placebo group was − 2.40 ± 6.99 kg and the weight loss in those treated with orlistat 
was − 5.70 ± 7.28 kg for a net effect of − 2.87 (95 % CI − 3.21 to − 2.53) [11].



936  The Doctor’s Tool Kit: Pharmacotherapy for the Patient with Obesity

Safety Profile of Orlistat

Orlistat is not absorbed to any significant degree, and its side effects are thus re-
lated to the blockade of triglyceride digestion in the intestine [12]. Fecal fat loss 
and related gastrointestinal (GI) symptoms are common initially, but they subside 
as patients learn to use the drug. Orlistat can cause small but significant decrease 
in fat-soluble vitamins. Levels usually remain within the normal range, but a few 
patients may need vitamin supplementation. Because it is clinically challenging to 
tell which patients need vitamins, it is thus wise to provide a multivitamin routinely 
with instructions to take it before bedtime. Orlistat does not seem to affect the ab-

Table 6.1   Drugs approved by the US Food and Drug Administration that produce weight loss. 
(Adapted from Bray Obesity 2013)
Generic name Trade name(s) Dosage DEA schedule
Pancreatic lipase inhibitor approved by FDA for long-term use
Orlistat Xenical 120 mg three times 

daily before meals
Not scheduled

Serotinin-2C receptor agonist approved by FDA for long-term use
Lorcaserin Belviq 10 mg twice daily IV
Combination of phentermine–topiramate approved by FDA for long-term use
Phentermine–topiramate 
ER

Qsymia 3.75/23 mg
7.5/46 mg
11.25/69 mg
15/92 mg

IV, because of phen-
termine component

Combination naltrexone–bupropion approved by FDA for long-term use
Naltrexone–bupropion SR Contrave 8/90 mg tablets: 2 

in morning and 2 in 
evening with carbo-
hydrate meal

Not scheduled

Noradrenergic drugs approved for short-term use
Diethylpropion Tenuate

Tenuate dospan
25 mg three times 
daily
75 mg every morning

IV

Phentermine Adipex and many 
others

15–30 mg/day IV

Benzphetamine Didrex 25–50 mg three times 
daily

III

Phendimetrazine Bontril
Prelu-2

17.5–70 mg three 
times daily
105 mg daily

III

Liraglutide 3 mg, approved by the FDA for long-term use
Liraglutide 3 mg Saxenda 3.0 mg by injection Not Scheduled

FDA Food and Drug Administration, DEA Drug Enforcement Agency, ER extended release
a Drug Enforcement Agency Schedule IV
b Drug Enforcement Agency Schedule III
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sorption of other drugs, except acyclovir. Rare cases of severe liver injury have been 
reported with the use of orlistat; at a time when an estimated 40 million people took 
orlistat, only one case of severe liver injury occurred in the USA, and 13 elsewhere. 
A causal relationship has not been established, but patients who take orlistat should 
contact their health-care provider if itching, jaundice, pale color stools, or anorexia 
develop [5].

Lorcaserin, (Marketed as BELVIQ ® in the USA)

Lorcaserin Belviq®, Arena Pharmaceuticals and Esai Pharmaceuticals) is approved 
by the US FDA for a long-term weight management. Serotonergic drugs have been 
used in the past to treat obesity (fenfluramine and dexfenfluramine), but were re-
moved from the market because of damage to the heart valves [13]. Lorcaserin 
selectively targets the serotonin 2c receptor, which when activated in the hypothala-
mus reduces food intake, [14]and avoids the serotonin 2b heart valve target. Lorca-
serin is prescribed at 10 mg twice daily (Belviq prescribing information).

Efficacy of Lorcaserin

Three clinical studies provided evidence [15] for approval of lorcaserin. Two of 
these studies called Behavioral Modification and Lorcaserin for Overweight and 
Obesity Management (BLOOM) [16] and Behavioral Modification and Lorcaserin 
Second Study for Obesity (BLOSSOM) [17] enrolled volunteers who were obese or 
had BMI > 27 kg/m2 with one comorbidity. The third study called BLOOM diabetes 
mellitus (DM) [18] enrolled diabetic patients with hemoglobin A1C of 7–10 % and 
a BMI of 27–45 kg/m2. In this study, all patients (including the placebo group) re-
ceived counseling in diet and physical activity. There was modest weight loss (5 %) 
with lorcaserin at 1 year. There were improvements in cardiovascular risk factors 
particularly when the patient population had abnormal risk factors at baseline. In the 
BLOOM-DM study, HbA1c decreased 0.9 ± 0.06 with lorcaserin BID, compared to 
0.4 ± 0.06 with placebo ( P < 0.001) and fasting glucose decreased 27.4 ± 2.5 mg/dL 
compared to a decrease of 11.9 ± 2.5 mg/dL for placebo ( P < 0.001) [18]. Weight 
maintenance was demonstrated in the BLOOM-DM study with a small amount of 
regain in the second year.

Safety Profile of Lorcaserin

Lorcaserin was scrutinized for potential effects on heart valves during phase III 
studies where echocardiograms were done on more than 5200 subjects. There was 
no statistically significant increase in FDA-defined valvulopathy with drug treat-
ment as compared to placebo. In the FDA briefing report [15], using combined data 
on all patients who were exposed to lorcaserin or to placebo in the three studies, the 
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relative risk of FDA-defined valvulopathy in lorcaserin-treated participants, as com-
pared with those who received placebo, was reported as 1.16 (95 % CI, 0.81–1.67) 
which is not statistically significant. However, since lorcaserin has much greater 
selectivity for the 5-HT2c receptor than the 5-HT2b receptor, it is very unlikely that 
lorcaserin will increase the risk of valvulopathy in humans and the FDA has not 
recommended routine echocardiography for prescription of lorcaserin

Another issue with lorcaserin was found in preclinical toxicology studies, where 
an increased numbers of brain and mammary tumors were reported in rats. These 
were reanalyzed and there were fewer malignant tumors than first thought [15]. 
Additionally, the drug does not have high levels in the central nervous system of 
humans, whereas it does in rats [15].

Lorcaserin is well tolerated. The most common adverse events in clinical trials 
were headache, nausea, dizziness, fatigue, dry mouth, and constipation (Belviq pre-
scribing information). These were mild and resolved quickly. However, a primary 
concern is that the drug should not be used with selective serotonin reuptake inhibi-
tors (SSRIs) or with monoamine oxidase inhibitors (MAOIs), because of the risk of 
serotonin syndrome.

In summary, the remarkable aspect of lorcaserin seems to be in its safety and 
tolerability not in the magnitude of its weight loss [34]. The only issue is the risk 
of serotonin syndrome and because the background use of SSRI antidepressants in 
overweight and obese patients is so high, physicians should be watchful and not 
prescribe lorcaserin in patients taking SSRIs.

Phentermine/Topiramate ER (Marketed as QSYMIA™ in the 
USA)

The combination PHEN/TPM ER is marketed as Qsymia™ by Vivus Inc. and is the 
first new drug combination approved for chronic weight management in overweight 
and obese persons in more than a decade. The combination uses lower doses of 
phentermine (3.75 mg in the starting dose, 7.5 mg in the recommended dose, and 
15 mg in the top dose) than are usually prescribed when phentermine is used as a 
single agent. The topiramate is an extended release (ER) formulation, not avail-
able other than in this combination and the dose of topiramate in the combination 
is 23 mg in the starting dose, 46 mg in the recommended dose, and 92 mg in the 
top dose and is also lower than when topiramate is used for migraine prophylaxis 
or to control seizures. In terms of mechanism of action, phentermine acts to reduce 
appetite through increasing norepinephrine in the hypothalamus and topiramate’s 
appetite-reducing mechanism is not thoroughly understood, although it may be 
through its effect on γ-aminobutyric acid (GABA) receptors.

Efficacy of PHEN/TPM ER  Two clinical studies [19, 20] provided efficacy and 
safety data that formed the basis [21] for approval of the medication. The first 
called EQUIP [19] enrolled subjects < 70 years of age with BMI > 35kg/m2 who 
had one of the following: blood pressure to be controlled (< 140/90 mmHg using 
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0–2 antihypertensive medications), fasting blood glucose < 110 mg/dL, and triglyc-
erides < 200 mg/dL using 0 or 1 lipid-lowering medication. The other study called 
CONQUER [20]enrolled adults < 70 years of age with BMI > 27 and < 45 kg/m2, 
but for patients with type 2 diabetes, no lower BMI limit was required. The CON-
QUER study also required patients to have two or more of the following comorbidi-
ties: hypertension, hypertriglyceridemia, dysglycemia (impaired fasting glucose, 
impaired glucose tolerance or type 2 diabetes), or an elevated waist circumference 
(> 40 inches for men or > 35 inches for women). Thus, the patient population in 
these two studies represents those with higher risk profiles from the consequences 
of excess weight. A titration period of 2 weeks is recommended for PHEN/TPM 
ER, starting at 3.75/23  mg dosage, although in these studies it was shorter. All 
subjects in these studies received a lifestyle modification program based on the 
LEARN manual [22, 23]. This combination medication has produced the largest 
weight losses observed in clinical trials of obesity medications approaching 10 % 
on average.

The CONQUER study was extended for a second year of observation with pa-
tients keeping their treatment assignment; this was called the SEQUEL study [2] 
At the end of the second year of treatment, patients completing the trial taking the 
recommended dose (7.5/46 mg) maintained a weight loss of 9.3 % below baseline 
and those on the top dose maintained a 10.7 % weight loss from baseline.

The weight loss with PHEN/TPM ER is accompanied by improvements in most 
risk factors. In the CONQUER study [20], there were clinically and statistically 
significant improvements in blood pressure, glycemic measures, high-density lipo-
protein (HDL) cholesterol, and triglycerides with both the recommended and the 
top doses of the medication. In the EQUIP, CONQUER, and SEQUEL studies, im-
provements in risk factors were related to the amount of weight loss, with greater 
benefit being observed with greater weight loss. Further, a population with abnor-
mal risk factors is more likely to demonstrate improvement in those risk factors. 
PHEN/TPM ER has also been studied in patients with sleep apnea and has shown to 
reduce the severity of symptoms from sleep apnea [24].

Safety Profile of PHEN/TPM ER

The most commonly observed side effects in the clinical trials were paresthesia, diz-
ziness, dysgeusia (altered taste particularly with carbonated beverages), insomnia, 
constipation, and dry mouth (Qsymia prescribing information). These side effects 
are related to the constituents of PHEN/TPM ER or, in the case of constipation, to 
weight loss per se. Phentermine, as a sympathomimetic agent, causes insomnia and 
dry mouth, usually early in treatment, which then resolve. Topiramate is a carbonic 
anhydrase inhibitor that is associated with altered taste for carbonated beverages and 
tingling in fingers, toes, and perioral areas and may lead to mild metabolic acidosis.

Safety concerns(Qsymia™ prescribing information) with PHEN/TPM ER are 
also associated with the two components. Weight loss is contraindicated in preg-
nancy, as are all weight loss medications. Topiramate is associated with oral clefts 
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if used during pregnancy and PHEN/TPM ER is pregnancy category X. A rare side 
effect of topiramate is acute glaucoma and the drug is contraindicated in glaucoma. 
PHEN/TPM ER is also contraindicated in hyperthyroidism and within 14 days of 
treatment with MAOIs and in patients with hypersensitivity to any of the ingre-
dients in the medication. Because of the risk of oral clefts, a negative pregnancy 
test before treatment and monthly thereafter and use of effective contraception are 
required. If a patient becomes pregnant while taking PHEN/TPM ER, treatment 
should be immediately terminated. Other potential issues, though rare, includes risk 
of kidney stones (associated with topiramate) mild metabolic acidosis (associated 
with topiramate) and increased heart rate in patients susceptible to sympathomi-
metic drugs (associated with phentermine).

Naltrexone/Bupropion (NB) Combination in Sustained Release 
Formulation (Marketed as Contrave in the USA) 

Bupropion (± 1-(3-chlorophenyl)-2-[(1,1-dimethylethyl)amino)-1-propanone) re-
duces food intake by acting on adrenergic and dopaminergic receptors in the hypo-
thalamus. Naltrexone (17-(cyclopropylmethyl)-4,5-alpha-epoxy-3,14-dihydroxy-
morphinan-6-1) is an opioid receptor antagonist with minimal effect on weight 
loss on its own. The rationale for combining bupropion with naltrexone is that 
naltrexone might block inhibitory influences of opioid receptors activated by the 
β-endorphin which is released in the hypothalamus and stimulates feeding, while 
allowing α-melanocyte stimulating hormone (α-MSH) which reduces food intake 
to inhibit food intake [25]. The combination was favorably reviewed by an FDA 
advisory panel in 2012 [26]. However, because bupropion increases pulse and both 
bupropion and naltrexone increase blood pressure and in the phase III studies, the 
FDA has required a premarketing study of the combination drug with assessment 
of cardiovascular outcomes. An interim analysis of the trial was favorable and the 
drug is now marketed.

Efficacy of NB SR

Weight loss with the NB combination at 1 year was intermediate to that of PHEN/
TPM ER and lorcaserin. This produced improvement in risk factors. However, the 
effect on blood pressure is not as great as one would expect with this degree of 
weight loss in the two studies that comprised the phase III trials of NB, called 
the Contrave Obesity Research (COR) [27] and COR and Behaviour Modification 
(COR BMOD) trials [28].

What is of concern is the outlier effect of NB, not the mean blood pressure ef-
fect, which is reduced, albeit not as much as expected. This has implications for pa-
tients with hypertension, as we discuss later. In the COR BMOD trial (http://www.
accessdata.fda.gov/scripts/cder/drugsatfda/ http://www.accessdata.fda.gov/scripts/
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cder/drugsatfda/), the authors describe a post hoc subgroup analysis of 50 individu-
als who had systolic blood pressure > 130 mmHg at baseline. For individuals who 
received NB 32/360 + BMOD, mean systolic blood pressure declined at all visits 
with mean reductions 3.4–11.4 mm Hg. In this same set of subjects, mean diastolic 
blood pressure also declined by 1.0–6.5 mm Hg. This would seem to indicate that 
there was no increased risk for those with higher blood pressure who take the drug. 
However, in the COR I trial [27], there were transient increases in mean blood pres-
sure of 1.5 mm Hg systolic, while the placebo-treated group had transient decreases 
of 1.5 mm Hg. The amount of weight loss may modify the blood pressure response. 
In the COR BMOD trial [28], the authors report that changes in blood pressure in 
the NB 32/360 + BMOD group were correlated with weight loss.

Safety Profile of NB SR

The label (http://www.accessdata.fda.gov/scripts/cder/drugsatfda/ http://www.ac-
cessdata.fda.gov/scripts/cder/drugsatfda/) for this medication recommends follow-
ing blood pressure in the first few weeks of prescribing. Of course, over time, 
weight loss will have a beneficial effect on blood pressure. Other safety issues re-
late to the individual components. Like all medications for depression in the USA, 
a black box warning cautions about increased risk of suicidal thinking, especially 
in young individuals. This has carried over to the indication for weight loss, al-
though there was no signal of suicidality in the clinical trials with the combination. 
Bupropion lowers the seizure threshold and the combination is contraindicated in 
those with history of seizures. Naltrexone is an opioid antagonist and should not 
be given with opiates or opiate inducers because it will negate their effects. There 
are some tolerability issues, chiefly nausea on initiating the drug [27],and potential 
issues with SSRIs or MAOIs [27]. However, a dose escalation over 3 weeks is 
recommended to minimize nausea and vomiting. But the medication could offer 
another option for physicians prescribing to aid patients in behavioral attempts at 
weight loss.

Liraglutide 3 mg (Marketed as Saxenda in the USA) Under 
Consideration for FDA Approval, Tentatively Named Saxenda

Liraglutide is a glucagon-like peptide (GLP)-1 agonist that has a 97 % homology 
to GLP-1. This molecular change extends the circulating half-life from 1–2 min to 
13 h. Liraglutide is approved in doses up to 1.8 mg for the treatment of type 2 dia-
betes. This molecule, like other GLP-1 agonists has a multiplicity of actions besides 
effects on the pancreas to promote glycemic control [29]. One such effect is reduc-
tion in food intake [30].

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
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Efficacy of Liraglutide 3 mg

In a 20-week multicenter European clinical trial, Astrup et al. [31] reported that dai-
ly injections of liraglutide at 1.2, 1.8, 2.4, or 3.0 mg produced weight losses of 4.8, 
5.5, 6.3, and 7.2 kg, respectively, compared to a loss of 2.8 kg in the placebo-treated 
group and 4.1 kg in the orlistat-treated comparator group. In the group treated with 
3.0 mg/day, 76 % achieved a > 5 % weight loss compared to 30 % in the placebo 
group. Blood pressure was significantly reduced, but there were no changes in lip-
ids. The prevalence of prediabetes was reduced by liraglutide.

Liraglutide 3 mg was studied following a highly structured diet where patients 
who achieved 5 % or more weight loss over 4–12 weeks (77 % of enrollees achieved 
this benchmark) were randomized to liraglutide 3.0 mg or placebo. Mean percent-
age weight loss (± standard deviation) in the run-in was − 6.0 % (± 0.9). At 56 weeks, 
subjects in the liraglutide group lost an additional − 6.2 % (± 7.3) compared with 
− 0.2 % (± 7.0) in the placebo group. This reflects a mean − 12.2 % reduction from 
initial baseline body weight for those in the liraglutide treatment [32].

Safety Profile of Liraglutide 3 mg

Liraglutide will carry many of the safety and tolerability warnings that are known 
from the 1.8 mg dose, including increased risk for pancreatitis and a warning about 
potential for thyroid C cell tumors. The tolerability issues are the same as with the 
drug when used at a lower dose for type 2 diabetes. Nausea and vomiting mandate a 
dose escalation over 5 weeks. Of course, liraglutide must be given by injection and 
it is unknown how this will affect the use in obese patients. Liraglutide is an impor-
tant addition to the obesity therapeutic toolbox, when made available. It marks the 
first time our understanding of the biology of food intake regulation has yielded a 
biological therapy.

Drugs Approved by the US FDA for Short-Term Use in 
Treating the Patient with Obesity

The sympathomimetic drugs, benzphetamine, diethylpropion, phendimetrazine, 
and phentermine are grouped together because they act like norepinephrine and 
were tested before 1975. Phentermine and diethylpropion are classified by the US 
Drug Enforcement Agency as schedule intravenous (IV) drugs; benzphetamine and 
phendimetrazine are schedule III drugs. This regulatory classification indicates the 
government’s belief that these drugs have the potential for abuse, although this po-
tential appears to be very low [12]. Phentermine and diethylpropion are approved 
for only a “few weeks,” which usually is interpreted as up to 12 weeks.

Most of the data on these drugs come from short-term trials.
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Phentermine

Phentermine, as a single agent, remains the most often prescribed drug for weight 
loss in the USA. Because phentermine was approved in 1959 for short-term use for 
weight loss, there are little current data to evaluate its long-term efficacy. In 2011, 
the FDA approved a new formulation of the drug (http://www.accessdata.fda.gov.
drugsatfda_docs/nda/2011/201088_suprenza_toc.cfm) called Suprenza, and mar-
keted by Akrimax Pharmaceuticals, LLC. Since the FDA only approved the new 
orally disintegrating formulation, there was no clinical weight loss data submitted 
with the NDA application. However, several studies are worthy of note because 
they provide recent data on safety and efficacy of phentermine as a single agent.

A study of 6 months duration that was presented to the FDA in the briefing docu-
ment [33] for topiramate/phentermine combination had four treatment arms and 200 
subjects with 158 subjects completing 6 months. For the phentermine 15 mg daily 
treatment group, weight loss at 6 months was 4.6 %, compared to a loss of 2.1 % for pla-
cebo. Another phentermine study that is relatively current was presented as a poster at 
the European Congress of Obesity in 2009 [35]. This study also explored phentermine 
topiramate combination and overall had seven treatment arms among 756 subjects; it 
is thus one of the largest studies of phentermine alone at two doses (> 100 subjects per 
dose) with over 6 months of observation. In that study, at 28 weeks, completion rates 
were 65 %. Weight loss at 28 weeks for the placebo group was 1.7 % from baseline; 
for phentermine 7.5 mg/day it was 5.5 %; and for phentermine 15 mg/day it was 6.1 %. 
Finally, a report from Korea [31]evaluated a diffuse, controlled release form of phen-
termine at 30 mg ( n = 37) versus placebo ( n = 37). At 12 weeks, mean weight loss was 
8.1 ± 3.9 kg for drug-treated patients versus 1.7 ± 2.9 kg for placebo patients. These 
trials suggest that the effect on weight loss with phentermine is dose related.

Safety Profile of Phentermine

The sympathomimetic drugs produce central excitation, manifested clinically as in-
somnia and in some individuals as nervousness. This effect is most obvious shortly 
after the drug is started and wanes substantially with continued use. Dry mouth is 
among the most common side effects. To a variable extent, these drugs may also 
increase heart rate and blood pressure. The prescribing information usually recom-
mends that the drugs not be given to individuals with a history of cardiovascu-
lar disease. There is little evidence of quantitative effects on blood pressure and 
pulse, especially after 6 months or more of treatment. A short-term study evaluating 
phentermine and taranabant [36] administered singly or together for up to 28 days, 
showed that there were no significant differences in blood pressure and heart rate 
versus placebo in that study. In a 12-week study [37] from Korea, 68 obese individ-
uals were randomized to either phentermine HCl 37.5 mg per day or placebo. There 
were no significant differences in mean blood pressure changes between groups at 
12 weeks although the phentermine group lost significantly more weight on aver-
age (7.2 ± 2.7  kg vs. 1.9 ± 2.7  kg, P < 0.001). In the Korean study [36] of a new 
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formulation of phentermine (diffuse controlled release; not marketed in the USA), 
at 12 weeks, mean weight loss was significantly greater in the phentermine group 
(8.1 ± 3.9 vs. 1.7 ± 2.9 kg, P < 0.001). However, there were no significant differences 
in systolic and diastolic blood pressure. Despite clinically significant weight loss, 
one does not observe the expected decreases in blood pressure. Furthermore, the 
phentermine group had a mean increase in blood pressure of 2.7 ± 11.4 beats/min, 
compared to a decrease of 4.3 ± 12.5 in the placebo-treated subjects [36].

Lacking good quantitative measures of the effects of phentermine on heart rate 
and pulse, we recommend caution in prescribing drugs in this group. They should 
not be prescribed to persons with a history of cardiovascular disease. The blood 
pressure and pulse should be monitored while taking sympathomimetics. Even 
though there is no convincing evidence of mean blood pressure increases, the lack 
of the expected reductions in blood pressure with weight loss is an indication that 
the drugs do have some stimulatory effect on blood pressure.

In one survey of bariatric physicians, use of sympathomimetic amines was more 
frequent than orlistat and they were often used for longer than approved by the 
FDA [38]. However, prescribers should be aware of the local and federal regula-
tions governing prescribing limits and the lack of long-term clinical trial data for 
phentermine.

Treatment of the Overweight or Obese Patient Who has 
Diabetes, Depression, Migraine Prophylaxis, or Epilepsy

Weight gain or weight loss is the side effect of many drugs used by physicians to 
treat their patient’s diseases. If there is a reasonable choice when selecting medica-
tions for chronic disease management that will produce weight loss for the patient 
with obesity, good clinical practice would seem to recommend the choice of the 
drug that produces weight loss and avoidance of drugs that produce gain.

Treatment of the Obese Patient with Diabetes

The epidemic of diabetes is following closely on the heels of the obesity epidem-
ic. The rate of developing diabetes can clearly be slowed by weight loss [39–42], 
which is the first line of treatment. There is growing interest in the ability of weight 
loss to “reverse” diabetes, and this has been demonstrated in association with vari-
ous surgical procedures [42] and even with a lifestyle intervention [43]. Table 6.2 
lists the drugs that are available to treat diabetes. Insulin produces a weight gain that 
ranges from 1.8 to 6.6 kg [44]. Two widely used sulfonylurea drugs (glipizide and 
glibenclamide) also produce weight gain in most studies which ranges from − 0.3 
to 4.0 kg [44], and this is also true for the thiazolidinediones (rosiglitazone and pio-
glitazone) which lead to weight gains of 0.18–1.5 kg or more [44]. Other drugs are 
weight neutral or can cause weight loss [45].



102 G. A. Bray and D. H. Ryan

Metformin

Metformin is a biguanide that is approved by the US FDA for the treatment of 
DM, and has a good safety profile. This drug reduces hepatic glucose production, 
decreases intestinal glucose absorption from the GI tract and enhances insulin sensi-
tivity. One mechanism for the reduction in hepatic glucose production by metformin 
may depend on the phosphorylation of a nuclear binding protein (cyclic adenosine 
monophosphate (cAMP) response element binding (CREB) binding protein (CBP) 
at (Ser436) AMP-activated protein kinase (AMPK)). This disrupts a number of oth-
er signals, including a master transcription factor, peroxisome proliferator-activated 
receptor-γ coactivator 1A (PPARGC1A), which in turn leads to the suppression of 
hepatic glucose output [46].

The longest and best study of metformin on body weight comes from the Diabetes 
Prevention Program [47]. During the first 2.8 years of the double-blind, placebo-
controlled trial, the metformin-treated group lost 2.9 kg (2.5 %) of their body weight 
versus a loss of only 0.42 kg in the placebo group ( P < 0.001). The degree of weight 
loss was related to the adherence to metformin. Those who were the most adherent 
lost 3.5 kg at 2 years, compared with a small weight gain of 0.5 kg in those who 
were assigned to, but never took metformin. This differential weight loss persisted 
throughout the 8 years of follow-up with highly adherent patients remaining 3–4 kg 
below baseline and those who were not adherent being no different from placebo [47].

Metformin has been used to reduce weight gain in people treated with antipsy-
chotic drugs. In a systematic review, Bushe et al. [48] found that metformin may 
have some value in reducing or preventing weight gain and change in metabolic 
parameters during treatment with antipsychotic medications.

Pramlintide

Pramlintide is a modified form of amylin, a peptide secreted from the beta cell of 
the pancreas along with insulin. Pramlintide has been approved by the FDA for 

Table 6.2   Categorization of antidiabetic drugs by their effects on body weight
Produce weight loss Are weight neutral Produce weight gain
Metformin Dipeptidyl peptidase-4 

inhibitors (DPP-4)
Insulin

Pramlintide Acarbose Sulfonylureasa

Exenatide Miglitol Glitinides
Liraglutide Bromocriptine Thiazolidinedionesb

SGLT2 inhibitors—dapa-
gliflozin and canagliflozin

SGLT2 sodium-glucose cotransporter 2
a Glipizide, glimepride, glibenclamide, chlorpropamide
b Pioglitazone, rosiglitazone
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treatment of diabetes and in clinical trials produced weight loss. The combination of 
phentermine with pramlintide produced additive weight loss in a 6-month clinical 
trial that may offer weight loss in the patient with diabetes [49].

Glucagon-Like Peptide-1 (GLP-1)

This naturally occurring peptide released by the GI track in response to food. It is a 
known suppressor of food intake. Two GLP-1 agonists may be of value in treating 
the patient.

Exenatide

Exenatide (exendin-4) is a 39-amino acid peptide that is produced in the salivary 
gland of the Gila monster lizard. It has 53 % homology with GLP-1, but it has 
a much longer half-life. Exenatide has been approved by the FDA for treatment 
of type 2 diabetics who are inadequately controlled while being treated with ei-
ther metformin or sulfonylureas. In human beings, exenatide reduces fasting and 
postprandial glucose levels, slows gastric emptying, and decreases food intake by 
19 % [50]. A systematic review of incretin therapy in type 2 diabetes [51] showed 
a weight loss of 2.37 kg for all GLP-1 analogues versus control, 1.44 for exenatide 
versus placebo injection, and a loss of 4.76 for exenatide versus insulin (which often 
leads to weight gain). The side effects of exenatide in humans are headache, nau-
sea, and vomiting that are lessened by gradual dose escalation [52]. The interesting 
feature of this weight loss is that it occurred without prescribing lifestyle modifica-
tion, diet, or exercise. A 26-week randomized control trial of exenatide produced 
a weight loss of 2.3 kg compared to a gain of 1.8 kg in the group receiving the 
glargine form of insulin [53].

Liraglutide 3 mg

Liraglutide has been approved by the European Medicines Agency and the FDA 
for the treatment of diabetes at a dose up to 1.8 mg/day. This chapter discusses the 
weight loss efficacy of liraglutide in obesity treatment in a preceding section and 
we refer our readers to that. It would be a good choice for the diabetic patient with 
obesity.

SGLT2 Inhibitors

Sodium-glucose cotransporter (SGLT2) inhibitors (dapagliflozin and canagliflozin) 
are a new class of antidiabetic drugs. They reduce renal glucose reabsorption in the 
proximal convoluted tubule, leading to increased urinary glucose excretion [54]. 
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These agents not only have effects on glycemic control but also produce weight 
loss. In a systematic review and meta-analysis [55], the SGLT2 inhibitors produced 
placebo-subtracted weight loss of − 2.37 % (95 % CI: − 2.73 to − 2.02) in eight stud-
ies of 12 or more weeks duration. There was slightly more weight loss on average 
with canagliflozin. In three studies with dapagliflozin versus placebo, there was 
mean loss of −2.06 % (95 % CI: − 2.38 to − 1.74) and in five studies of canagliflozin 
versus placebo there was − 2.61 % loss (95 % CI: − 3.09 to − 2.13). Since studies 
of 12 weeks were included, this is probably an underestimation of weight loss re-
sponse to the SGLT2 inhibitors.

Treatment of the Patient with Obesity and 
Neurobehavioral Disorders such as Depression, Epilepsy, 
and Migraine

This category includes patients with obesity who are depressed, those with mi-
graine symptoms and those needing antipsychotic drugs. Some of the approved 
drugs in this class produce weight gain, and others are associated with weight loss 
(Table 6.3). One option for the health provider is to change to an effective medica-
tion that produces weight loss from one that produces weight gain. The magnitude 
of weight gain ranges from 1.2 to 5.8 kg for valproate, 4.0 kg for lithium, 2.1–2.3 for 
resperidone, 2.8–7.1 kg for olanzapine, and 4.2–9.9 kg for clozapine for the drugs 
in the weight gain column [44]. This degree of weight gain can make continuation 
of treatment more difficult, and using weight neutral or the alternatives produce 
weight loss, particularly for the obese and overweight individual is good clinical 
practice.

Table 6.3   Categorization of neurobehavioral drugs by their effects on body weight
Produce weight loss Are weight neutral Produce weight gain
Bupropion Haloperidol Tricyclic antidepressantsa

Venlafaxine Aripiprazole Monoaine oxidase inhibitors
Desvenlafaxine Paroxetine
Topiramate Escitalopram
Zonisamide Lithium
Lamotrigine Olanzapine
Ziprasidone Clozapine
Topiramate Resperidone

Carbamazepine
Valproate
Divalproex
Mirtazapine

a Nortriptyline, amitriptyline, doxepin
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Bupropion

Bupropion is an approved drug for treatment of depression and as an aid in helping 
patients stop smoking. It reduces food intake by acting on adrenergic and dopami-
nergic receptors in the hypothalamus. These neurotransmitters are involved in the 
regulation of food intake.

In a study with uncomplicated and nondepressed people with obesity, 327 sub-
jects were randomized to bupropion 300 mg/day, bupropion 400 mg/day, or placebo 
in equal proportions [56]. All patients were prescribed a hypocaloric diet that in-
cluded the use of liquid meal replacements. At 24 weeks, 69 % of those random-
ized remained in the study and body weight was reduced by 5.0, 7.2, and 10.1 % 
for the placebo, bupropion 300  mg, and bupropion 400  mg groups, respectively 
( P < 0.0001). The placebo group was randomized to the 300- or 400-mg group at 24 
weeks and the trial was extended to week 48. By the end of the trial, the dropout rate 
was 41 %, and the weight losses in the bupropion 300 mg and bupropion 400 mg 
groups were 6.2 and 7.2 % of initial body weight, respectively [56].

Topiramate

Topiramate is an anticonvulsant drug that is approved for the use in certain types 
of epilepsy and for the prophylaxis of migraine headache. It was shown to reduce 
food intake, but was not developed clinically because of the side effects at the doses 
selected for trial. Topiramate was found to induce weight loss in clinical trials for 
epilepsy treatment. Weight losses of 3.9 % of initial weight at 3 months and 7.3 % of 
initial weight at 1 year were seen. In a 6-month, placebo-controlled, dose-ranging 
study [57], 385 subjects were randomized to five groups: topiramate at 64, 96, 192, 
or 384 mg/day or placebo. These doses were gradually increased over 12 weeks and 
were tapered off in a similar manner at the end of the trial. Weight loss from baseline 
to 24 weeks was 5.0, 4.8, 6.3, 6.3, and 2.6 %, in the five groups, respectively. The 
most frequent adverse events were paresthesias (tingling or prickly feelings in skin), 
somnolence, and difficulty with concentration, memory, and attention.

Conclusion

Medications are useful in treatment of the patient with obesity because they can 
reinforce behavioral intentions that lead to lifestyle change. The current approach 
to managing most obese patients is often to wait until comorbidity has developed 
and to then use a medication approved for that comorbidity. There are now four 
medications approved by the FDA for long-term weight loss and a fifth may be 
available soon. This makes treating the root cause (obesity) of many chronic dis-
eases increasingly feasible. Still, adopting a weight-centric prescribing approach 
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to chronic disease management is also important. In the management of obesity-
associated chronic diseases, physicians should adopt an attitude in their prescribing 
of, first, doing no harm, i.e., avoiding medications that promote weight gain. Sec-
ond, whenever possible patients should be counseled to lose weight as a pathway 
to health improvement. When they struggle, medications approved for long-term 
weight management are appropriate. Last, when necessary for chronic disease man-
agement, medications that promote weight loss should be prescribed. While the 
future points to use of combinations of medications for weight management and 
evaluation of anti-diabetic drugs for weight loss indication, it is time for physicians 
to incorporate weight loss counseling in their practices and to engage weight-centric 
management in their prescribing.

The lessons of the past in prescribing for obese patients and their medical prob-
lems are several. First, we learned that prescribing for weight loss in obesity, like 
prescribing for hypertension, is a chronic disease management paradigm. Drugs 
must be prescribed over the long term for chronic weight management; they do not 
produce permanent weight loss. Second, we learned the importance of understand-
ing the mechanism by which drugs produce weight loss, so that the medication 
can be prescribed along with appropriate instruction in diet and physical activity. 
Third, safety and tolerability are key factors. By increasing doses of a single agent 
to maximize weight loss, adverse consequences arise. Thus, combination therapy 
using lower drug doses are carrying the day. Last, we have learned the hard lessons 
of unexpected consequences. Because one can never predict these, the current trend 
is to prescribe for patients with health consequences of their weight status, who 
will benefit from weight loss. Prescribing for cosmetic weight loss is unacceptable, 
given the wide margin of safety required for cosmetic intervention. The new medi-
cations for obesity take advantage of old targets, old compounds, and old principles 
learned from chronic disease management. Surely, we are finally entering an age 
where primary care physicians will feel responsible for helping patients manage 
their weight and for managing their chronic diseases in a weight-centric manner.
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Introduction

Roux-en-Y gastric bypass (RNYGB), the most commonly performed bariatric 
(weight loss) operation in the USA, involves two surgical alterations: restriction of 
gastric volume and diversion of ingested nutrients away from the proximal small 
intestine [1, 2] (Fig. 7.1). The strength of the RNYGB lies in the hybridization of 
restriction and bypass into one procedure. The reduction of food intake mediated by 
restriction is accompanied by dynamic changes in nutrient transport along the gas-
trointestinal tract. Thus, resultant changes in hormonal profiles constitute one of the 
first and most important roles of RNYGB [3]. Although the physiological changes 
contributing to loss of body weight and improvements in obesity-related comor-
bidities are incompletely understood, the complexities of neurohormonal changes 
and precise mechanisms resulting in durable weight loss and reduction in associ-
ated comorbidities continue to be elucidated. Even though we continue to learn and 
progress in understanding the intricate interplay between the alimentary tract and 
neurohormonal axis, the benefits of gastric bypass are clear and well-documented 
with long-term follow-up results of surgery demonstrating obesity-related mortality 
and morbidity significantly reduced [4–6].
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History of Gastric Bypass

The origins of the gastric bypass operation date back to the 1960s and the contribu-
tions of Dr. Mason. While searching for a weight loss operation without the detri-
mental side effects often seen with the jejuno-ileal bypass, he noted that patients 
with peptic ulcer disease who had undergone a partial gastrectomy with Billroth II 
gastrojejunostomy subsequently experienced weight loss and had difficulty regain-
ing that lost weight. Based on these findings, Mason described the original gastric 

Fig. 7.1   Roux-en-Y gastric bypass

 



1137  Roux-en-Y Gastric Bypass: Procedure and Outcomes

bypass in 1967 using a technique that divided the stomach and anastomosed a jeju-
nal loop to the proximal gastric pouch [7, 8]. His original description emphasized a 
small pouch as well as a small diameter anastomosis to delay gastric emptying and 
enhance satiety [8]. Over the ensuing several decades, there have been a variety of 
technical modifications, including attempted calibration and standardization of gas-
tric pouch size [9] and the replacement of the loop gastrojejunostomy with a Roux-
en-Y configuration [10]. In 1995, Wittgrove reported the first laparoscopic RNYGB 
[11]. Since this time, data from the Nationwide Inpatient Sample from 2003 through 
2008 have documented an increase of laparoscopic bariatric operations from 20 % 
in 2003 to 90 % in 2008 [12]. Minimally invasive techniques now account for the 
vast majority of bariatric procedures performed today and should be considered the 
standard of care in primary procedures.

Operative and Technical Details

Despite the evolution and almost universal adoption to a laparoscopic technique, 
there still remain significant technical variations in the way a RNYGBP can be 
performed. Owing to its complexity and the need for a high degree of laparoscopic 
technical skills, the relative risk of complications has been reported to diminish fol-
lowing a 500-procedure learning curve [13]. The number of surgeries performed, 
or experience of the operating surgeon, and the standardization of the laparoscopic 
technique have been cited as main factors contributing to improved rates of post-
operative complications, mortality, and decrease in conversion to open rates [13]. 
The currently adopted surgical principles, as described by Pories et al. include the 
exclusion of a majority of the stomach (~ 90 %) except for a 15–30-ml pouch creat-
ed around the gastroesophageal junction, and transection of the jejunum 30–60 cm 
from the ligament of Treitz [14]. The distal jejunal segment (Roux limb) is then 
anastomosed to the gastric pouch and the proximal jejunal segment (biliopancreatic 
limb) connected distally as a jejunojejunostomy approximately 75–150 cm from the 
ligament of Treitz, providing secretory drainage of the bypassed stomach, duode-
num, and proximal jejunum (common channel limb). The Roux limb, or alimentary 
limb, carries ingested food and is delineated between the gastrojejunostomy and the 
jejunojejunostomy. The Roux limb, the excluded or remnant stomach, duodenum, 
and proximal jejunum represent the bypassed section of the RNYGB [3, 14]. Varia-
tions in operative techniques other than gastric pouch size and Roux limb length 
have included various positionings of the Roux limb and gastrojejunal anastomosis 
in relation to other body structures. Combinations have included antecolic (above 
colon) versus retrocolic (behind colon) placement of the Roux limb and antegastric 
(above stomach) versus retrogastric (behind stomach) creation of the gastrojeju-
nostomy. Techniques for construction of the gastrojejunostomy have included: one 
layer versus two-layered anastomosis, stapled versus hand-sewn anastomosis or 
combinations of techniques. Other major variations include routine versus selective 
closure of mesenteric defects [15, 16].
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Outcomes

Multiple studies have demonstrated that among morbidly obese patients, compared 
with nonsurgical control patients, the use of RNYGB has been associated with 
higher rates of diabetes remission and lower risk of cardiovascular and other nega-
tive health outcomes over long-term follow up [17–20]. In contrast, the cardiovas-
cular and metabolic status of obese control participants generally worsens over 
time, despite aggressive medical management. When comparing RNYGB with 
lifestyle and intensive medical management, achievement of primary end points 
including hemoglobin A1C level, low-density lipoprotein cholesterol levels, sys-
tolic blood pressure, and the number of medications needed to manage these co-
morbidities, the literature has consistently supported gastric bypass, although at 
the potential expense of increased nutritional deficiencies and potential surgical 
complications [21].

Weight Loss

Several studies have evaluated the degree of weight loss following gastric bypass, 
and the durability of the lost weight. A meta-analytic review of the recent pub-
lished surgical experience found an excess weight loss of 68.2 % (61.5–74.8 %) for 
RNYGB [22]. A randomized series reported by Nguyen et al. examined 111 lapa-
roscopic RNYGB during a 4-year follow-up period. The authors reported 68.4 % 
excess weight loss (EWL) for RNYGB with a mean body mass index (BMI) de-
crease of 15  kg/m2 [23]. In a smaller series, Spivak et. al. reported an EWL of 
58.6 % at 7 years follow-up [24]. However, after an initial 4 years of progressive 
weight loss,the authors reported that most patients experience a certain weight re-
gain during a long-term follow-up period [24]. The prospective, controlled Swed-
ish Obese Subjects study reported a 7 % mean weight regain among patients after 
gastric bypass surgery from 2 years to 10 years [20]. A more recent study described 
similar results, with a weight regain of approximately 7 % at 2 years following gas-
tric bypass surgery [17]. Overall, it has been found that for the majority the weight 
loss is durable and weight regain is modest. It is unclear, at present, if the weight 
regain represents the normal weight trajectory of the patient’s weight over time or 
a consequence of physiological or behavioral adaptations to the surgical changes 
performed.

Diabetes Mellitus

Insulin resistance constitutes a central pathophysiology of type II diabetes mellitus 
(DM) in the obese. Long-standing remission of DM has been reported to occur in 
up to 83 % of individuals undergoing RNYGB [3, 18, 25, 26]. In the Surgical Treat-
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ment and Medications Potentially Eradicate Diabetes Efficiently (STAMPEDE) 
trial, intensive medical therapy was compared to surgical treatment (gastric bypass 
or sleeve gastrectomy) as a means of improving glycemic control. The proportion 
of patients with the primary end point was 12 % in the medical-therapy group versus 
42 % in the gastric bypass group ( P = 0.002) [27]. The mechanisms by which gastric 
bypass results in prolonged improvement in glycemic control have been the subject 
of a great deal of scientific study. Weight loss, reduced oral intake, altered enteric 
hormonal secretion (glucagon-like peptide-1, glucose-dependent insulinotropic 
peptide, ghrelin), and changes to the gastrointestinal tract microflora, all having 
been proposed as playing a part in this phenomenon [28–34]. Caloric restriction in 
obese patients without surgery improves insulin sensitivity and glucose homeosta-
sis significantly before any evidence of weight loss is seen [35]. Similarly, all types 
of bariatric surgery include an element of caloric restriction, which may be the 
common cause for the associated improvements in insulin sensitivity independent 
of anatomic changes [3, 36]. However, the immediate effects in glycemic control 
often precede substantial weight loss typically associated with insulin sensitivity 
[3]. These observations are consistent with findings by Schauer et al. where reduc-
tions in the use of diabetes medications occurred before the achievement of maxi-
mal weight loss, suggesting that caloric restriction alone is unable to explain the 
complex effects RNYGB has on DM [21, 27, 37–39].

Despite the expectation that DM may undergo remission, or at least improve 
following RNYGB, there is a relative paucity of data attempting to identify pa-
tient-specific predictive factors. Hayes et al. used 13 preoperative parameters and 
a variety of statistical techniques to create mathematical models able to correctly 
identify which patients would experience remission of DM at 12 months follow-up 
in 82.7–87.4 % of cases[40]. The two strongest predictors of DM resolution were 
low HbA1c and the nature and level of preoperative DM control [25, 40, 41]. Other 
predictive factors that have been proposed for long-term DM remission have in-
cluded gender (males more likely than women), younger age, and percentage of 
postoperative EWL [42, 43].

Dyslipidemia

Hyperlipidemia plays a major role in the excess morbidity and premature mortality 
of the morbidly obese. Improvements in coronary risk factors, including hyperlipid-
emia, after gastric bypass have been predicted to lower the 10-year risk of ischemic 
heart disease events by approximately 50 % [44]. Nguyen et al. showed a signifi-
cant positive effect on atherogenic lipids with improvement of favorable lipoprotein 
levels after RNYGB that were sustained for the duration of the study [45]. Im-
provement in lipid profiles was observed as early as 3 months postoperatively and 
sustained at 2 years follow-up. One year after gastric bypass, mean total cholesterol 
levels decreased by 16 %; triglyceride levels decreased by 63 %; low-density lipo-
protein cholesterol levels decreased by 31 %; very-low-density lipoprotein choles-
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terol decreased by 74 %; total cholesterol/high-density lipoprotein cholesterol risk 
ratio decreased by 60 %, and high-density lipoprotein cholesterol levels increased 
by 39 %. Also, within 1 year, 82 % of patients requiring lipid-lowering medications 
preoperatively were able to discontinue their medications [45].

Operative Risk Stratification

A large meta-analysis of over 29,000 patients reported mortality of gastric bypass 
to be 0.5 %.(4) The obesity surgery mortality risk score (OS-MRS) developed by a 
single institution experience of 2075 patients and subsequently validated used a 90-
day all-cause death rate, not just hospitalization, and confirmed a high-risk predic-
tive score [46, 47]. The OS-MRS assigns 1 point to each of 5 preoperative variables, 
including body mass index > = 50 kg/m2, male gender, hypertension, known risk 
factors for pulmonary embolism (previous thromboembolism, preoperative vena 
cava filter, hypoventilation, pulmonary hypertension), and age > = 45 years [48, 49]. 
Overall mortality for the validation cohort was 0.7 %, consistent with published 
standards, and represents an average mortality risk among all patient subgroups. Al-
though the highest-risk group class based on the OS-MRS score experienced a 12-
fold increase in mortality compared with the lowest-risk group patients, the authors 
emphasized that the increased risk should not preclude consideration for surgical 
treatment, as these high-risk patients represent those with a high-risk of early death 
from their associated comorbidities of obesity.

Postoperative Adverse Outcomes

Anastomotic Leak

Unexplained tachycardia, dyspnea, oliguria, and hypoxia may be warning signs of 
a leak; however, initial signs and symptoms may be minimal in the morbidly obese. 
An expected leak rate has been reported to be 0.5 % for laparoscopic RNYGB and 
remains the most common cause of death after bariatric surgery, followed by pul-
monary embolism [50]. A high index of suspicion is warranted and emergent re-
exploration may be indicated in patients with unexplained septic physiology.

The primary goal is to obtain adequate drainage of the leak (thereby creating a 
controlled fistula), bowel rest, broad-spectrum antibiotics, and nutritional support 
either parenterally or by distal enteral feeding through a gastrostomy tube placed 
in the excluded stomach to promote healing of the leak. Imaging studies that may 
assist in diagnosing a leak include an upper gastrointestinal (UGI) study or comput-
erized tomography (CT) scan with oral contrast.
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Internal Hernia/Small Bowel Obstruction

Defects in the mesentery are created when transecting the small intestine and recon-
structing continuity in a Roux-en-Y configuration. Several potential spaces allow 
for small bowel herniation with the possibility for strangulation and necrosis of a 
large intestinal segment. Despite this, routine closure of mesentery is controversial. 
According to the literature, nonclosure of the defects with the laparoscopic RNYGB 
technique (antegastric, antecolic), results in an internal hernia rate of 6.9 % [51]. 
Higa recently demonstrated that after systematic closure of both the mesenteric de-
fect and the Petersen defect with nonresorbable material, the occurrence of internal 
hernia after transmesocolic, antegastric laparoscopic RNYGB decreased from 16 % 
to < 1 % [52]. Conversely, Rosenthal’s group reported that the chances of develop-
ing an internal hernia are low and do not justify the additional time and possible 
complications associated with closure of defects [53].

Any patient having undergone RNYGB presenting with abdominal pain and 
signs or symptoms consistent with bowel obstruction must be considered to have 
an internal hernia until proven otherwise. The consequence of a delayed diagnosis 
of an internal hernia is infarction of an extensive portion of small bowel. Persistent 
abdominal pain in the setting of a negative radiologic study does not rule out the 
possibility of internal herniation. Diagnostic laparoscopy may serve as the most 
expeditious diagnostic and potentially therapeutic modality for post-gastric bypass 
patients with abdominal pain, either definitively “ruling-out” or “ruling-in” an in-
ternal hernia while allowing for immediate repair.

In the immediate postoperative period, obstruction distal to the jejunojejunos-
tomy can cause acute distention of the gastric remnant, which is a surgical emer-
gency. Patients may present with severe bloating and persistent hiccups with a plain 
abdominal X-ray demonstrating dilatation of the remnant stomach.

Marginal Ulceration

The incidence of marginal ulceration at the gastrojejunal anastomosis ranges from 
0.6 to 16 % [54–57]. This number increases to 53.3 % when the complication of gas-
trogastric fistula is also present [58]. Several factors, including gastric acid, foreign 
body reaction, exogenous substances such as alcohol, nicotine, and nonsteroidal 
anti-inflammatory drugs, and Helicobacter pylori infection, have been implicated 
as potential etiologies causing mucosal ischemia and subsequent marginal ulcer 
formation [57, 59]. The majority (> 90 %) of patients diagnosed with a marginal 
ulcer will experience complete resolution of symptoms with proton pump inhibitors 
and sucralfate.
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Anastomotic Stricture

Factors associated with the formation of strictures include operative technique, ten-
sion and ischemia at the anastomosis, and ulcer formation [60]. Gradual onset of 
intolerance to solids or liquids, epigastric pain, and vomiting may signify the de-
velopment of a stricture. Stricturing at the gastrojejunostomy presents differently 
than a stricture distally at the jejunojenostomy, as the biliopancreatic limb would 
contribute bile reflux. A UGI study may assist in diagnosis, however, endoscopic 
evaluation may be both diagnostic and therapeutic. Dilatation is generally recom-
mended if the gastrojejunostomy anastomosis stoma diameter is less than 15 mm, 
with serial dilations sometimes required. After 3 balloon treatments, however, sur-
gical revision is generally recommended. Jejunojejunostomy anastomotic narrow-
ing more often requires operative revision, as they are less amenable to endoscopic 
intervention. The efficacy of newer endoscopic techniques, such as stenting, is yet 
to be validated.

Gastrogastric Fistula

An abnormal reconnection between the gastric pouch and remnant stomach occurs 
in approximately 1.2 % of patients following RNYGB [58]. Risk factors for de-
veloping a gastrogastric fistula include marginal ulceration and postoperative leak. 
Symptoms are vague but include nausea, vomiting, and epigastric pain in the ma-
jority of patients, as well as insufficient weight loss or weight regain in a minority 
of patients. The most sensitive test for diagnosing a gastrogastric fistula is an UGI 
study. Medical treatment may be attempted initially, consisting of acid suppression 
therapy, particularly if associated with a concomitant marginal ulcer. However, per-
sistent pain, weight regain, and ulceration refractory to optimal medical treatment 
requires revisional surgery with ligation of the fistula [58].

Weight Regain

Failure to sustain weight loss is often cited as the most common indication for 
revisional gastric bypass surgery [8, 10]. Loss of restriction in patients with prior 
RNYGB can occur in three ways: dilation of the gastric pouch, dilation of the gas-
trojejunostomy anastomosis, or a combination of both. Enlargement over time of 
the restrictive component can occur secondary to strictures at the gastojejunostomy 
anastomosis and maladaptive eating habits which can stress and dilate the gastric 
pouch over time [61]. Revisional surgery after RNYGB performed for weight re-
gain provides good additional weight loss but carries significant morbidity [62]. 
Complication rates as high as 33–62 % have been reported in the literature, most 
commonly due to the significant increase in anastomotic leaks [60].
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Dumping Syndrome

Typically occurring in patients noncompliant with the recommended bariatric diet, 
dumping is believed to occur due to exposure of the proximal small bowel to hy-
perosmolar refined sugars and fats. The small gastric reservoir and the increased 
gastric emptying lead to rapid filling of the small bowel with hyperosmolar chyme, 
causing an osmotic overload and shift of extracellular fluid into the bowel to restore 
isotonicity. This increase of fluid in the small bowel causes intestinal distention, 
cramping, vomiting, and diarrhea. The late dumping syndrome occurs 1–4 h after 
eating and is characterized by reactive hypoglycemia with diaphoresis, dizziness, 
and fatigue. The dumping response may serve as a negative conditioning response 
against consumption of a high-sugar diet postoperatively [63].

Vitamin Deficiencies

Low levels of iron, vitamin B12, vitamin D, and calcium are predominant after 
RNYGB [64]. Routine testing for micronutrient deficiency may be required indefi-
nitely following gastric bypass.

Iron-deficiency anemia is estimated to occur in 14–16 % of patients by the Amer-
ican Society of Bariatric and Metabolic Surgery after RNYGB [65]. The etiology 
is multifactorial, including reduced absorption of dietary iron in association with 
achlorhydria caused by gastric partitioning. The decreased production of hydro-
chloric acid in the gastric pouch diminishes the conversion of ferrous iron to the 
more absorbable ferric iron. Iron absorption occurs predominantly in the duode-
num, which is bypassed. Most multivitamin and mineral supplements do not con-
tain sufficient amounts of iron to prevent deficiency. Iron deficiency and anemia 
sometimes persist despite oral supplementation. Recommended amount of supple-
mental iron in the RNYGB patient is 45–60 g daily. In refractory cases, intravenous 
iron may be necessary [64].

Although the body storage of vitamin B12 is substantial (about 2000 µg) com-
pared to the small daily needs (2 µg/day), the deficiency is relatively common. The 
estimated prevalence of vitamin B12 deficiency after RNYGB range from 12 to 
33 % [66]. Since there is a risk of irreversible neurological damage if B12 deficiency 
is maintained for an extended period, B12 should be monitored postoperatively. 
B12 deficiency is due to achlorhydria, suboptimal vitamin consumption, and a re-
duced production of intrinsic factor, which is required for normal absorption to 
occur in distal ileum. The absence of hydrochloric acid and pepsin restricts the 
cleavage of food-bound vitamin B12 from its protein carrier. The use of 350 µg/day 
generally corrects a low level of this vitamin. Only a small percentage of individu-
als will require parenteral administration of B12 (2000 µg/month) [67].

Folate deficiency after RNYGB range from 0 to 28 % and usually occurs second-
ary to decreased dietary intake. Additionally, Vitamin B12 is needed for the conver-
sion of inactive folate to the active form of folate. Folate deficiency is preventable 
and promptly corrected with multivitamin supplementation (400 mcg/day) [64].
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Thiamine is absorbed in the proximal small intestine, and may become deficient 
after a combination of reduced intake, frequent vomiting, and malabsorption. The 
incidence of thiamine deficiency after bariatric surgery has been reportedly low. 
Chang et al. found only 29 cases (0.0002 %) of thiamine deficiency in a total of 
168,010 bariatric cases reported in a survey by members of the American Society 
for Metabolic and Bariatric Surgery [68]. To prevent potentially catastrophic neuro-
logic consequences (Wernicke-Korsakoff) of Thiamine deficiency, oral supplemen-
tation is mandatory because humans cannot synthesize it [69].

Malabsorption of calcium and vitamin D occurs from bypassing the duodenum 
and proximal jejunum after RYGB. The malabsorption of vitamin D contributes 
further to calcium malabsorption. With a relative lack of calcium, the production of 
parathyroid hormone (PTH) is increased, which leads to the release of calcium from 
bone, potentially causing bone loss and long-term risk of osteoporosis.

The delayed breakdown of dietary fats and delayed formation of micelles limits 
the fat available for absorption resulting in undigested fat and can cause malabsorp-
tion of the fat-soluble vitamins (A, D, E, K) and steatorrhea.

Conclusion

In summary, RNYGB remains a procedure of choice for most metabolic and weight 
loss surgeons in the USA today. It is a safe, durable procedure which should be of-
fered early and liberally to those who qualify. Its favorable risk to benefit balance 
has endured decades despite the appearance of popular choices that have gained 
short-term favor and have subsequently demonstrated inferior durability in fighting 
the chronic diseases of obesity and the common metabolic derangements that often 
accompany it.
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Introduction

Sleeve gastrectomy involves dividing the stomach along the lesser curvature, excis-
ing the majority of the antrum and body, and leaving the remaining stomach as a 
long narrow tube. The procedure is purely restrictive, reducing the volume of the 
stomach by about 90 % [1]. It differs from gastric bypass in that there is no anasto-
mosis and there is no malabsorptive component to the procedure. It is not reversible.

The sleeve gastrectomy was initially described as the first step in a biliopancre-
atic diversion with duodenal switch (BPD/DS) [2]. In the super-obese, morbidity 
rates were very high from this procedure, so surgeons experimented with perform-
ing the operation in two stages, with sleeve gastrectomy first, followed later by 
BPD/DS. Early data showed that laparoscopic sleeve gastrectomy resulted in sig-
nificant weight loss and resolution of comorbidities without the need for further 
intervention [3]. With this new information, surgeons began to perform sleeve gas-
trectomy as a stand-alone operation.

There has been a trend toward increasing use of sleeve gastrectomy as a primary 
bariatric operation, with decrease in usage of both gastric bypass and gastric band. 
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From 2008 to 2012, the use of sleeve gastrectomy as a percentage of all bariatric 
surgeries increased from 0.8 % in 2008 to 36 % in 2012, while gastric banding de-
creased from 23 % in 2008 to 4 % in 2012 [4].

Patient Selection and Preoperative Preparation

Indications

The indications for all bariatric surgery procedures were established by the National 
Institutes of Health and published as a consensus statement in 1991 [5]. Indications 
for sleeve gastrectomy are similar to other weight loss surgeries. Most insurers will 
cover sleeve gastrectomy for patients with body mass index (BMI) greater than 
35, at least one obesity-related comorbidity, and documentation of failed attempts 
at weight loss by nonsurgical measures. The Centers for Medicare and Medicaid 
Services allowed for local coverage determination by Medicare networks. This has 
allowed for variable coverage under Medicare with some local networks limiting 
coverage by age.

Contraindications

The presence of severe gastroesophageal reflux disease (GERD) is considered by some 
to be a relative contraindication to sleeve gastrectomy, as reflux may worsen temporar-
ily after surgery. This is thought to be due to higher pressure within the gastric conduit. 
Yehoshua et al. found that the volume of the gastric sleeve averages 129 ml, which 
represents approximately 10 % of the preoperative gastric volume of 1500 ml. The pres-
sure in the sleeve with full distension averages 43 mmHg, compared to a pressure of 
34 mmHg with full distention of the native stomach. Therefore, very small volumes 
added to the gastric lumen result in significant increases in intraluminal pressure, creat-
ing a sensation of early satiety [1]. This is thought to contribute to postoperative gas-
troesophageal reflux, which is therefore considered by some to be a contraindication 
to sleeve gastrectomy. Tai et al. found an increase in GERD symptoms from 12.1 % 
preoperatively to 47 % at 1 year postoperatively [6].

However, some reports show an improvement in reflux symptoms after sleeve 
gastrectomy. Patients found to have a hernia at the esophageal hiatus at the time of 
bariatric operation are six times more likely to have reported preoperative GERD. 
With proper hiatus hernia repair and appropriate position of the sleeve without rota-
tion, Daes et al. determined that postoperative reflux was rare, even in those with 
preoperative reflux [7]. They saw a drop in the rate of GERD from 49.2 % preop-
eratively to 1.5 % at 12 months postoperatively. It is unclear why there is such a 
stark difference in postoperative GERD rates in the literature, but it may be related 
to operative technique and appropriate crural closure [8].
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In patients with severe reflux symptoms preoperatively, workup may include 
endoscopy, barium swallow and manometry to assess for intrinsic esophageal dys-
motility, abnormal lower esophageal sphincter pressure, presence of a hiatus hernia, 
and Helicobacter pylori infection. If lower esophageal sphincter pressure is below 
normal at baseline, sleeve gastrectomy is likely to worsen reflux symptoms. Many 
surgeons obtain an endoscopy in all patients prior to sleeve gastrectomy or gastric 
bypass, as the proportion of abnormal findings is high and may change decision 
making [9]. For example, Barrett’s esophagus is considered an absolute contraindi-
cation to sleeve gastrectomy by our group.

Management of Medical Comorbidities

Medical comorbidities should be optimized prior to surgery, but there are few that 
are absolute contraindications. Recent reports suggest that bariatric surgery can be 
performed safely in patients with chronic liver disease with good liver function and 
no varices [10], as well as in patients with congestive heart failure with ventricular 
assist devices [11]. Poor glycemic control predicts poor wound healing in diabetics, 
and measures should be taken to lower blood sugar preoperatively. Goals should 
include hemoglobin A1c less than 7.0 % or significantly improving with optimal 
medical management [12]. Tobacco users are encouraged to quit, as smokers are 
more likely to develop peptic ulcer disease [13].

Procedure

The procedure is performed laparoscopically, typically with five to six ports. The 
greater omentum is divided from the greater curvature of the stomach using an elec-
trocautery or ultrasonic scalpel. This is carried superiorly to the left diaphragmatic 
crus, which is freed from the stomach and esophagus. If a hiatal hernia is present, 
the esophagus is dissected circumferentially to ensure adequate intra-abdominal 
length. The hernia is repaired by closing the crura with nonabsorbable sutures. An 
endoscope, bougie, or other sizing device is then placed in to the stomach from the 
mouth by the anesthesiologist or an assistant. Sizing devices for sleeve gastrectomy 
range from 32 F (10.6 mm) or higher, depending on surgeon preference. A surgical 
stapler is used to divide the stomach at a distance up to 6 cm from the pylorus, seri-
ally stapling up the stomach, hugging the sizer with the stapler, until the left crus is 
reached (Fig. 8.1). The freed portion of the stomach is removed from the operative 
field and sent for pathologic analysis. The sleeve staple line can be reinforced using 
manufactured buttress material, additional sutures, or omentum. Most surgeons per-
form a leak test by clamping the distal end of the stomach and insufflating the lumen 
with air or methylene blue. A drain may be left in the surgical field [7] (Figs. 8.2 
and 8.3).
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Fig. 8.2   The completed 
sleeve gastrectomy. (Adapted 
from [36])

 

Fig. 8.1   A surgical stapler 
is used to divide the stomach 
from a point just proximal to 
the pylorus up to the esopha-
geal hiatus. Note the bougie 
within the gastric lumen 
and the stapler dividing just 
lateral to it. (Adapted from 
[36])
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Postoperative Management

Early

In-Hospital Care

Immediate postoperative care includes monitoring of vital signs, urine output, and 
pain. Inpatient staff assess for signs of dehydration, bleeding, sepsis, pulmonary 
embolism, and deep venous thrombosis. In some centers, postoperative esophagram 
swallow study is routinely performed to assess the staple line prior to initiating a 
diet. Others perform esophagram selectively. Though there is no data specifically 
on the use of routine imaging studies following sleeve gastrectomy, we can draw a 
corollary from the gastric bypass literature in which research suggests there is no 
need for imaging unless clinically indicated [14] (Fig. 8.4).

Fig. 8.3   Intraoperative view of completed sleeve gastrectomy, with manufactured buttress mate-
rial used along the staple line. (Courtesy: Cedars-Sinai Medical Center)

 



130 A. M. Barrett and M. A. Burch

Dietary Progression

Dietary progression begins with a sugar-free liquid diet on postoperative day 1–2. 
This consists of sugar-free juices, broth, protein shakes, and gelatin. This diet con-
tinues for the first 1–2 weeks, then progresses over the following 4–5 weeks from 
pureed to soft foods. Regular diet is usually reached around 6 weeks after surgery 
[15] (Table 8.1).

Table 8.1   Postoperative dietary progression following sleeve gastrectomy. (Adapted from [15])
Time 
postoperatively

Week 1–2 Week 3–4 Week 5 Week 6 and 
maintenance

Texture Liquid Pureed Soft solid Solid
Acceptable foods Thin broth, 

juice, skim 
milk, sugar-free 
gelatin, protein 
shakes

Pudding, oat-
meal, yogurt, 
and pureed 
meats, fruits, and 
vegetables

Cooked veg-
etables, canned 
fruits, moist 
cooked meats, 
soft noodles

Whole grains, 
tender meats, 
raw and cooked 
vegetables and 
fruits

Fig. 8.4   Normal upper 
gastrointestinal soluble 
contrast study following 
sleeve gastrectomy. There is a 
radiopaque drain seen overly-
ing the stomach as well as 
several clips surrounding the 
sleeve gastrectomy. (Cour-
tesy: Cedars-Sinai Medical 
Center)
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Dry or more fibrous foods do not pass easily through the sleeve. Items such 
as chicken or raw vegetables, if not chewed well, will be regurgitated. Patients 
are advised to chew their food thoroughly and wait between bites. At mealtime, 
protein-based foods should be prioritized, with carbohydrate- or fat-rich foods later 
in the meal. This will ensure that protein malnutrition does not develop. Liquids, 
especially carbonated ones, should be avoided during meals, as they fill up space in 
the small sleeve. To avoid daytime hunger, protein-based snacks should be taken in 
small amounts between meals.

Dehydration is common in the early postoperative period due to the small vol-
ume of the sleeve. The patient must be persistent in drinking liquids throughout the 
day to ensure adequate hydration. As postoperative gastric edema decreases, the 
capacity of the sleeve becomes larger and dehydration less common.

Late

Micronutrient supplementation is advised for all bariatric surgery patients [16, 17], 
though little has been published on specific postoperative deficiencies in sleeve 
gastrectomy patients. Consensus guidelines recommend supplementation with a 
multivitamin, calcium with vitamin D, folic acid, elemental iron, and vitamin B12, 
with regular monitoring of micronutrient levels postoperatively [12]. Vitamin B12 
deficiency is thought to be due to insufficient production of intrinsic factor and 
inadequate B12 intake, while iron absorption may be affected by alterations in acid 
production [15]. Thiamine deficiency resulting in Wernicke’s encephalopathy has 
been described in case reports following sleeve gastrectomy [18] (Table 8.2).

Regular postoperative visits to the surgeon and dietician are designed to recog-
nize complications such as nutritional deficiencies, but also to help eliminate poor 
dietary choices and avoid weight regain. Visits occur every 3 months for the first 
year, then annually thereafter. Many bariatric centers host regular seminars for their 
postoperative patients to encourage good dietary habits.

Table 8.2   Recommended daily vitamin intake following sleeve gastrectomy. (Adapted from [15])
Supplement Recommended daily 

amount
Timing Laboratory tests to 

follow
Chewable 
multivitamin

One Take with meal, pro-
tein drink, or milk to 
improve tolerance

Thiamine, folate, 
zinc, copper, vitamin 
A, B6, E, K

Chewable or liquid 
calcium with 
vitamin D

1000–1500 mg 
calcium
400–800 mg 
vitamin D

Do not take with iron 
to improve absorption

Vitamin D, PTH, cal-
cium, phosphorous

Sublingual B12 500 μg Take with MVI Vitamin B12
Chewable elemental 
iron

325 mg Do not take with 
calcium to improve 
absorption

Ferritin, iron, total 
iron-binding capacity, 
CBC

PTH parathyroid hormone, MVI multivitamin, CBC complete blood count



132 A. M. Barrett and M. A. Burch

Outcomes

Weight Loss

Weight loss is rapid following surgery. In the bariatric literature, weight goals are 
measured as the percent of excess weight lost (%EWL). This measurement takes in 
to account the starting body weight, current body weight, and ideal body weight. 
At 12 months postoperatively, average %EWL is between 55 and 75 % [19–21], 
but has been reported as high as 84.8 % [22]. Peak weight loss is seen between 12 
and 24 months (average 18 months) after surgery, with some patients experiencing 
an increase in weight thereafter. Braghetto et al. reported weight regain in 30 % of 
patients at 5 years postoperatively, with average %EWL of 57.3 [22]. Bohdjalian 
found similar results, with 19 % of patients regaining weight and %EWL falling to 
55.0 % at 5 years [23]. This was corroborated by a review of the published data by 
Gagner et al. [24] (Table 8.3).

Weight regain may be a result of dilation of the sleeve over time, which results in 
less restriction. Patients find that they can eat larger volumes of food several years 
after surgery. While this may be the natural history of the sleeve gastrectomy, it can 
likely be prevented by avoiding carbonated liquids and mixing of solids and liquids, 
both of which stretch the pouch over time. Emphasis should be placed on preven-
tion; however should medical management and counseling fail, surgical revision as 
a salvage maneuver remains an option. Revision from sleeve gastrectomy to gastric 
bypass addresses both weight regain and reflux disease [25]. Resizing or narrowing 
of the sleeve has also been described [26], as well as placement of an adjustable 
gastric band around the sleeve [27].

Effect on Comorbidities

Sleeve gastrectomy has proven to be very effective treatment for obesity-related 
comorbidities. Most studies report resolution or improvement of diabetes, hyperten-

Table 8.3   Percent excess weight loss (%EWL) at 12, 24, and 36 months following sleeve 
gastrectomy
Article %EWL 12 months %EWL 24 months %EWL 36 months
Braghetto [22] 84.8 71.5
Yaghoubian [19] 72.0
Carlin [20] 60 60 56
Himpens [34] 57.7 66
Bohdjalian [23] 57.5 60.3 60.0
Pequignot [28] 54.2 57.7
Eisenberg [21] 61
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sion, and hyperlipidemia in greater than 60 % of patients at 3–5-year follow-up [20, 
22, 28]. Pequignot et al. found that comorbidities continued to improve between 
years 1 and 2 after surgery, despite no change in %EWL. In multivariate analysis, 
preoperative elevated systolic blood pressure was the only negative predictive fac-
tor for resolution of metabolic syndrome [28]. Studies report resolution of diabetes 
in 70–100 % of patients [22].

Complications

Early

Surgical complications can be divided into early (occurring within 30 days of surgery) 
or late. The overall early complication rate following sleeve gastrectomy is 5.7 %, ac-
cording to the 2009 Consensus Summit on Sleeve Gastrectomy [24]. Early complica-
tion rates are very similar between gastric bypass and sleeve gastrectomy [20].

Of the early complications, staple-line leak is perhaps the most serious, although 
very rare. Leakage of gastric contents through the staple line and in to the peritoneal 
cavity can result in profound sepsis and death. Sakran et al. found an overall leak 
rate of 1.2 % in patients undergoing primary sleeve gastrectomy. Leaks were diag-
nosed at a median time of 7 days postoperatively and required reoperation in 61.4 %. 
Other techniques for management included percutaneous drainage, endoscopic clip 
placement, and endoscopic stent placement. The most common site of leak was at 
the proximal staple line (75 %). Median time to closure was 40 days, ranging from 
2 to 270 days. In those with prolonged leak refractory to conservative approaches, 
total gastrectomy was used for salvage. Four patients died, for an overall mortality 
of 9.1 % from leak [29]. A meta-analysis of sleeve gastrectomy outcomes found that 
leak was more common with smaller bougie size [30].

Early diagnosis of a staple-line leak is imperative to prevent sepsis and death. 
The patient may first complain of increasing abdominal pain, especially in the left 
upper quadrant, and may have dyspnea, tachycardia, and poor oxygenation. Leu-
kocytosis, fever, and low urine output are common. Computed tomography (CT) 
scan is very sensitive for diagnosing leaks, as oral contrast given immediately prior 
to imaging may be seen extravasating from the staple line. If there is a large fluid 
collection in the left upper quadrant but no obvious leakage of oral contrast, the 
patient should still be treated as a leak until proven otherwise. Priority should be 
placed on resuscitation with intravenous fluids, broad-spectrum antibiotic coverage, 
and gaining control of the leak by percutaneous drainage, endoscopic stenting, or 
reoperation (Fig. 8.5).

Early strictures or obstruction occur in 1 % [24]. This may be secondary to nar-
rowed sleeve caliber from small bougie size, intramural hematoma, or torsion of 
the sleeve. Early strictures may benefit from endoscopic dilation or placement of 
a stent, but reoperation for conversion to a gastric bypass may be necessary [28, 
31–33] (Fig. 8.6).
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Hemorrhage requiring intervention occurs in 1–2 %. In the University of Chile 
series, the most common site of bleeding was from the staple line, which was 
controlled laparoscopically with sutures, while three patients presented with lapa-
roscopic port-site bleeding [22]. Other early complications include deep venous 
thrombosis and pulmonary embolism (0–0.3 %). Overall surgical mortality is ap-
proximately 0–0.9 % [22, 24].

Late

Gallstone formation can occur secondary to rapid weight loss from any bariatric 
surgery. This can result in symptomatic cholelithiasis, choledocholithiasis with 
cholangitis, or gallstone pancreatitis. Li et al. found that the type of bariatric opera-

Fig. 8.6   Upper GI study 
demonstrating complete 
obstruction of the sleeve gas-
trectomy 2 weeks postopera-
tively. This patient went on to 
develop a leak from the staple 
line and was managed with 
percutaneous drainage and 
endoscopic stent placement. 
GI gastrointestinal. (Cour-
tesy: Cedars-Sinai Medical 
Center)

 

Fig. 8.5   Sleeve gastrectomy 
leak seen on CT scan 4 weeks 
postoperatively in a 35-year-
old male. The red arrow indi-
cates a pocket of free air with 
surrounding fluid and inflam-
mation adjacent to the sleeve 
gastrectomy staple line. This 
patient was managed with 
percutaneous drainage and 
endoscopic stent placement. 
CT computed tomography. 
(Courtesy: Cedars-Sinai 
Medical Center)
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tion performed was not a predictor of development of symptomatic cholelithiasis, 
but rather the total amount of weight loss compared to preoperative weight. On 
average, 7.8 % of patients developed symptomatic cholelithiasis following bariatric 
surgery at an average of 10.2 months postoperatively [32].

Reflux disease is a common preoperative complaint of bariatric patients, and 
there is inconclusive data on whether sleeve gastrectomy improves or worsens this 
process. Braghetto et al. found a 27 % rate of symptomatic reflux following sleeve 
gastrectomy, with 15.5 % of those demonstrating esophagitis on endoscopy, while 
Daes et al. had a rate of only 1.5 % [7]. Reflux may have a bimodal distribution 
postoperatively, according to Himpens et al., who found an increased rate of GERD 
at 1 year postoperatively (22 %), which decreased to 3 % at 3 years, then rose again 
to 21 % at 6 years [34, 35]. Manometry postoperatively in a subset of patients re-
porting reflux has shown decreased lower esophageal sphincter pressure [22]. In pa-
tients whose reflux disease worsens following sleeve gastrectomy, surgeons should 
consider revision to a gastric bypass procedure if medical management fails [32].

Late reoperation, performed most commonly for intractable reflux or weight re-
gain, is required in 5 % of sleeve gastrectomy patients, compared to a rate of 2–16 % 
following gastric bypass and 10–39 % following gastric band [22].

Conclusions

Sleeve gastrectomy is an effective bariatric procedure, with outcomes similar to 
gastric bypass with respect to weight loss and comorbidity resolution, but a lower 
rate of complications and need for late reoperation. Complications specific to sleeve 
gastrectomy include obstruction of the sleeve and may include worsening of GERD. 
Weight regain is possible, but nutritional deficiencies are likely less common than 
following gastric bypass.
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History

The gastric band was originally designed as a nonadjustable device placed on the 
upper aspect of the stomach to allow restriction of intake of food, with the ultimate 
goal of early satiety and weight loss. Unfortunately, as patients lose weight, a loss of 
restriction was noted, which affected the end goal of weight loss. This prompted the 
need to develop a band with the ability to be adjusted to different levels of restric-
tion as required by the patient. Fortunately in the mid 1980s, this device was created 
and performed with favorable results [1, 2]. In the early 1990s, the laparoscopic 
version of the adjustable gastric band was created, allowing a minimally invasive, 
safe option for significant, durable weight loss [3–5].

The gastric band was originally placed lower on the stomach, using a perigastric 
dissection. This choice for initial placement contributed to unacceptable rates of 
gastric herniation which is also referred to as slippage or prolapse (10–15 %) [6]. 
This can occur early or much later in the patient’s surgical course. Early prolapse 
usually leads to severe obstructive symptoms while late prolapses can be either 
chronic or acute in presentation. When chronic, one finds progressive enlargement 
of the pouch, which leads to the appearance of chronically worsening obstructive 
symptoms of heartburn, reflux, and vomiting.

In order to lower the high gastric herniation rate, a new surgical method termed 
the pars flaccida technique was developed. This technique had been determined 
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to be as effective as the perigastric approach in generating substantial weight loss, 
improved health, and quality of life and has been shown to be significantly less as-
sociated with early and late prolapse [7].

Technique

Typically, the adjustable gastric band is placed laparoscopically using 4–6 small 
incisions. The key points of the operation include creating a retrogastric tunnel ex-
tending from the lower medial aspect of the right crus of the diaphragm toward the 
angle of His. This is best created under direct visualization. Gentle and careful blind 
passage of a blunt instrument is also performed by some surgeons, but significant 
experience of the anatomy is needed. Great care must be taken to avoid injuring the 
posterior wall of the stomach with this maneuver. This is especially important in 
patients with preexisting hiatal hernias.

The band is then prepared with sterile saline and then placed into the abdo-
men via the 15 mm port. The end-tag of the band is then brought up to meet the 
now retrogastric grasper or specially designed band passer and is pulled through 
(Fig. 9.1a–c). The band tubing is then grasped and the band is retracted into ap-
propriate position (Fig. 9.2). The band is then locked into position (Fig. 9.3a–c). 
Permanent suture is employed to secure the band in place by creating an anterior 
gastro-gastric fundoplication in order to prevent herniation of the stomach upward 
through the band (Figs. 9.4 and 9.5). The final position of the band should appear in 
a 2-to-8 angle for proper placement as referenced to the face of a clock.

The tubing is brought out through the abdominal wall. The distal end of the band 
tubing is then attached to the port. The port is fixed to the anterior fascia to allow it 
to remain flat against the fascia and prevent flipping of the port. The excess tubing 
is placed back into the abdomen.

Currently, there are two brands of adjustable gastric bands which are FDA ap-
proved for use in the USA. Both are equally safe and effective [8].

Mechanism of Action

The LAGB has been clearly shown to reduce energy intake [9, 10]. The mecha-
nism of action was originally attributed to restriction; however, several studies have 
shown minimal to no delayed gastric emptying. If weight loss were due to generat-
ing enhanced difficulty in attaining desired meal size alone, strong evolutionary 
mechanisms to maintain energy balance would likely produce shortened post-meal 
satiety and resultant grazing between meals. The negligible delay in gastric emp-
tying and prolonged satiety noted by LAGB patients suggests stronger additional 
mechanisms at work. Greater early satiation and a longer period of satiety appear 
to be essential to the ability of the band to produce sustained weight loss. This was 



1419  Laparoscopic Adjustable Gastric Banding: Procedures and Outcomes

demonstrated by a double-blind randomized, controlled trial with the band either 
correctly adjusted or empty. When the band was correctly adjusted, subjects were 
less hungry after a 12-h fast and found a small meal more satisfying.[11]. Glucose, 
insulin, ghrelin, and leptin levels in this study did not vary between optimal and 
decreased, suboptimal restriction.

Esophageal motility has been shown to be well preserved in LAGB patients with 
a successful outcome. One study showed that varying the volume between optimal, 
20 % under, and empty produced few changes in esophageal motility [12]. The au-
thors also noted repetitive esophageal contractions in 40 % of swallows in optimally 
adjusted LAGB patients. Repetitive contractions appear to be of functional impor-
tance as they reflect the esophageal response to decreased bolus transport across 
the band.

Postoperative management is affected by achieving appropriately adjusted 
bands, carefully avoiding either a lack of restriction or excessive restriction with 
obstructive symptoms.

Fig. 9.1   a The retrogastric tunnel extends from the lower medial aspect of the right crus of the 
diaphragm toward the angle of His. b The tunnel is best created under direct visualization or by 
careful blind passage of a blunt instrument by surgeons with significant experience of the anatomy. 
c The end-tag of the band is brought up to meet the retrogastric grasper or band passer and is pulled 
through
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Band Adjustments

Band adjustments are typically performed in the office with or without the aid of 
fluoroscopy. Prior to each band fill, a detailed history is required including cur-
rent food choices, hunger between meals, portion sizes, symptoms of regurgitation, 
night cough, and any discomfort with eating should be noted. Patients need to com-
prehend the importance of early satiation and prolonged satiety in permitting 50 % 
reduction in daily energy intake [13]. This may be accomplished by eating slowly 
and increasing the time spent for chewing to avoid obstructive symptoms. One bite 
of food should be chewed almost 20 times until mushy. Once swallowed, at least 
30 s to a minute should pass before another small bite is placed into their mouth. 
The standard portion size is approximately 1–1.5 decks of cards (or the palm of your 
hand) consumed slowly over approximately 20–30 min. Patients are recommended 
to consume 3–4 small meals a day.

The band should be adjusted to the “green zone” based on symptomatology 
(Fig. 9.6). If patients are hungry between meals and needing larger portions, they are 
likely in the yellow zone and an adjustment to add fluid into the band is needed. If 
they are having good portion control with feelings of satisfaction and lack of hunger, 
they are in the green zone and no adjustment is needed. Lastly, if they are experienc-
ing symptoms of regurgitation, discomfort while eating, or night cough, they are in 
the red zone and will require an adjustment to remove fluid from the band. Red zone 

Fig. 9.2   The band tubing is then grasped and the band is retracted into appropriate position
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patients typically have poor weight loss and make poor food choices such as high 
calorie liquids as they are too tight and unable to tolerate healthy optimal foods.

Adjustments are performed using sterile technique. Often a small amount of li-
docaine is used to numb the skin above the port. A Huber needle is always used to 
adjust the band as it has a beveled tip to prevent coring of the port with repeated 
adjustments. Saline fluid is either added or removed as needed. Patients are usually 
asked to drink a couple of glasses of water prior to leaving the office to ensure they 
are not too tight. Patients are typically asked to return for an adjustment when they 
are no longer in the green zone.

Fig. 9.3   a The band is then locked into position through the use of counter tension applied by 
graspers in the direction of the arrows. b The band is in the unlocked position and the arrow illus-
trates the force vector required to lock the band in place. c The band is now in the locked position
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Fig. 9.4   An anterior gastro-gastric fundoplication is made in order to prevent herniation of the 
stomach through the band. Permanent suture is used to secure the band in place

 

Fig. 9.5   The final position of the band should be from the 2 o’clock to 8 o’clock angle for proper 
placement
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Indications and Contraindications

Criteria for patient selection for weight loss surgery are based on guidelines of the 
National Institute of Health and national surgical societies. The American College 
of Surgeons, Society of Gastrointestinal Endoscopic Surgeons (SAGES) and The 
American Society of Bariatric Surgeons have all offered guidelines for patient se-
lection.

The National Heart, Lung, and Blood Institute in cooperation with The National 
Institute of Diabetes and Digestive and Kidney Diseases of the National Institutes of 
Health (NIH) compiled recommendations on patient selection for bariatric surgery 
in 1998. This report updated the NIH Consensus Development Conference State-
ment of 1991. The 1998 recommendations were published as the Clinical Guide-
lines on the Identification, Evaluation, and Treatment of Overweight and Obesity in 
Adults: The Evidence Report [14]. The NIH made the recommendation that weight 
loss surgery is an option for carefully selected patients with clinically severe obesity 
(Body Mass Index > 40 or > 35 with comorbid conditions). This is after less invasive 
weight loss methods have failed and the patient remains at a high risk for obesity-
related morbidity or mortality. The report also summarized available data regarding 
weight reduction after the age of 65. The potential benefits of weight reduction for 
daily functioning, decreased risk of future cardiovascular events, and the patient’s 
motivation for weight reduction should be thoroughly evaluated. Any weight reduc-
tion program should minimize the likelihood of adverse effects on bone health and 
overall nutritional status in the older adult.

The America College of Surgeons published recommendations for “Recommen-
dations for Facilities Performing Bariatric Surgery” (ST-34) [15]. They point out 
that bariatric surgical procedures are not for cosmesis, but for prevention of nega-
tive health consequences of morbid obesity. Patients must be committed to both 
the appropriate preoperative evaluation and the long-term postoperative medical 
management. Patients must have a full understanding of the potential complications 
of the procedure.

Fig. 9.6   The green zone chart allows patients to understand what a correctly adjusted band should 
feel like
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The American Society of Gastrointestinal Endoscopic Surgeons (SAGES) issued 
“The SAGES Guidelines for Laparoscopic and Conventional Surgical Treatment 
of Morbid Obesity.” The specific criteria for surgical therapy are for people with a 
body mass index (BMI) of greater than 40 kg/m2 or a BMI greater than 35 kg/m2 
with significant comorbidities, with evidence that dietary attempts at weight control 
have been ineffective.

The American Society of Bariatric Surgeons (ASBS) emphasize that surgical treat-
ment should be offered to patients who are severely obese, well informed, motivated, 
and have acceptable operative risks. Anyone with psychopathology that jeopardizes 
an informed consent and cooperation with long-term follow-up may be poor surgical 
candidates. Central obesity and obesity-associated functional impairments such as mus-
culoskeletal or neurologic or body size problems precluding or severely interfering with 
employment, family function, and ambulation may be best served by surgical treatment.

There are six categories defined by the NIH recommendations that assist in de-
termining appropriateness for surgical weight loss: Age, BMI, family history of 
significant comorbid medical conditions related to morbid obesity, the development 
of significant comorbid health conditions related to morbid obesity, failure of estab-
lished weight control programs to achieve sustained weight loss, and mental com-
petence to give informed consent to participate in long-term follow-up programs.

Optimal age range for surgical intervention is between 18- and 65-years-old. 
Younger patients may be considered if they require rapid weight reduction for reso-
lution of obesity-related life-threatening comorbid health conditions. For patients 
who are older than 65 years, the expectation of improved life expectancy or quality 
of life should outweigh the risk of surgery. Patients should have a body mass index 
> 40 kg/m2 or a body mass index > 35 and < 40 kg/m2 with the presence of signifi-
cant comorbid conditions related to morbid obesity.

According to the NIH, weight loss surgery is indicated for people with a high 
risk for obesity-associated morbidity or mortality. As such, surgery may be indicat-
ed in for a person with a strong family history of obesity-related health conditions. 
For patients who have already developed significant medical conditions related to 
morbid obesity, weight loss surgery may cure or significantly improve comorbid 
diseases and prevent their associated morbidity and mortality. Examples of signifi-
cant medical conditions include diabetes mellitus, sleep apnea, high cholesterol, the 
metabolic syndrome, or infertility.

Surgical treatment of morbid obesity is appropriate only in patients in whom 
success with established weight loss programs seems unlikely. In order to qualify, 
patients must have made sustained efforts in organized weight loss programs over 
a substantial time period. Appropriate programs include a variety of commercial 
weight loss programs, caloric restriction diets directed by nutritionists, dieticians, 
or diabetes centers, or intense exercise programs directed by an exercise therapist 
or other qualified professional.

Patients must be mentally competent to give informed consent. Patients with a 
significant psychosis may not be able to adhere to the prolonged follow-up programs.

In 2011, the FDA approved the use of the lap band in patients with BMIs of 
30–34.9 with one significant obesity-related comorbidity, or patients with BMIs 
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of 35–39.9 with no comorbidities. This decision was made after review of studies 
showing the safety and efficacy of the lap band in lower BMI patients, providing 
durable weight loss and significant comorbidity improvement or resolution [16, 17]. 
Although currently insurance companies follow the original guidelines and have not 
adopted coverage of the lap band procedure at this lowered BMI, it is an option for 
patients requiring sustainable weight loss for comorbidity resolution or improve-
ment, and will significantly impact comorbidity prevention.

Weight Loss Outcomes

Although weight loss after LAGB surgery is not as rapid as seen with Roux-Y-
gastric bypass or sleeve gastrectomy, weight loss with the band is progressive over 
approximately 2 years and appears durable. One study demonstrated that after 
reaching peak weight loss at 2 years, there is a high degree of stability of the weight 
loss status through the next 13 years [18]. Randomized controlled trials have dem-
onstrated LAGB to be superior to conventional nonsurgical weight-loss programs 
for sustained weight loss and diabetes management [19–21].

The first adjustable band was approved by the US Food and Drug Administration 
in 2001. As the LAGB has been available for use outside the USA since 1993, there 
are much longer follow-up durations. An Italian series has the longest follow-up 
and details of 1791 consecutive patients with a mean excess weight loss of 50 % 
12 years after LAGB [19]. Procedures such as RYGB and sleeve gastrectomy have 
better early weight loss but usual partial weight regain 2–5 years after surgery [22, 
23].Although LAGB weight loss takes a longer course to reach a maximum, at 5 
years LAGB patients achieve the comparable weight loss results of 55 % of excess 
weight loss versus 58 % with Gastric Bypass. [22].

Health Outcomes

Diabetes

The risk of developing type 2 diabetes increases with the degree and duration of 
obesity and is more common with a central weight distribution. The associated 
decrease in insulin sensitivity seen with central obesity correlates with impaired 
glucose tolerance, dyslipidemia, and systemic hypertension and increased cardio-
vascular risk. The beneficial effect of weight reduction on control of type 2 diabetes 
has been known for some time and studies have shown benefit even from modest 
weight reduction [24, 25].

At 2 years after placement of the lap band, 50 % of those with type 2 diabetes 
mellitus will no longer require diabetic therapy [21, 26]. The sooner the interven-
tion to time of diabetic onset, the higher the remission rate, likely due to the main-
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tained β-cell function [27]. The improvement in insulin sensitivity is correlated with 
weight loss, but improvement in β-cell function is not. The percentage of excess 
weight lost also affects the likelihood of remission of type 2 diabetes.

A randomized controlled study published by Dixon in 2008 clearly demonstrated 
the effectiveness of Lap band versus conventional medical therapy for diabetes res-
olution with 73 % versus 13 % resolution seen in the surgical group at 2 years [21].

The recent meta-analytic review of the two most commonly used LAGBs re-
vealed a 60 % resolution of diabetes, and significant improvements of the other 
parameters of the metabolic syndrome, clearly demonstrating the effectiveness of 
this device in comorbidity resolution as well as weight loss [8].

Asthma/Sleep Apnea

Morbidly obese adults have a high rate of asthma, and major reductions in asthma 
severity occur after weight loss. This is likely due in part to the prevention of gastro-
esophageal reflux. One study examining the effect of LAGB on asthma symptoms 
found significant improvements in all aspects of asthma assessed. These included 
severity, daily impact, medications needed, hospitalization, sleep, and exercise [28].

Obesity-related sleep disorders improve markedly after weight loss. Waist cir-
cumference was the best clinical measure predicting observed sleep apnea [29]. 
Following the expected excess weight loss with band placement, there is a statisti-
cally significant improvement in habitual snoring, observed sleep, abnormal day-
time sleepiness, and poor sleep quality.

A 93 % resolution of sleep apnea was shown in a study published in 2001, clearly 
demonstrating the continued benefits of comorbidity resolution of this safe, effec-
tive device [29].

Hypertension

Weight loss also modifies other significant cardiovascular risk factors. Hyperten-
sion is better controlled and fewer patients require antihypertensive medications 
following band placement [27]. Resolution of hypertension, defined as no longer 
requiring medications to remain normotensive, has been found in 68–74 % of lap 
band patients [27, 30].

These findings were once again demonstrated in the meta-analysis by Cunneen 
et al. revealing an average of 46–63 % resolution of hypertension with LAGB [8].

Gastroesophageal Reflux

The relationship between morbid obesity and gastroesophageal reflux disease 
(GERD) before and after LAGB placement remains controversial. It is commonly 
thought that obesity is an important factor for the development of GERD. Perhaps 
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the chronic elevation in intra-abdominal pressure favors reflux [31]. Other studies 
have not found any correlation between obesity and gastroesophageal reflux symp-
toms and esophageal dysmotility [32]. At this time, most surgeons recommend and 
studies demonstrate an aggressive approach to hiatal hernia repair at the same time 
as LAGB placement. They believe that this significantly reduces the risk of devel-
opment of GERD and improvement in GERD symptoms postoperatively. Dixon’s 
paper clearly shows a 76 % resolution and 14 % improvement in GERD symptoms 
2 years postop [33].

Complications

LAGB, as a surgery for obesity, carries lower procedural risks and is a shorter, less 
invasive operation when compared to RNYGB or sleeve gastrectomy. There is evi-
dence to support that band placement may even be safely performed in an ambula-
tory care surgical center [34, 35]. LAGB surgery generally has a very low risk of 
mortality and morbidity. Mortality rates are in the range of 0.05 % [36]. Despite the 
rarity of operative and early postoperative mortality, deaths attributed to pulmonary 
thromboembolism, vascular injury and resultant blood loss, and bowel perforation 
leading to sepsis have been reported. Data from the American College of Surgeons 
Bariatric Surgery Center Network (Table 9.1) shows the LAGB procedure to com-
pare favorably to the gastric bypass and sleeve gastrectomy procedures in short- and 
medium-term follow-up.

Over the course of the laparoscopic adjustable band’s history, there have been 
several changes that have led to a significant decrease in the need for revisional 
surgery. These may be mostly attributed to technical changes in the bands and ad-
justment systems, and better teaching of placement technique. Currently, the most 
common complication is dilatation of the proximal gastric pouch [36]. This is most 
likely due to overly tightening the LABG in attempts to achieve greater weight loss 
and poor follow-up. This eventually leads to either a portion of the stomach herniat-
ing above the band or a progressive stretching of the gastric wall. Both are associ-
ated with dysphagia and regurgitation, gastroesophageal reflux, obstruction, night 
cough, and poor eating behavior. Once the symptoms are identified and diagnosis 

Table 9.1   Morbidity and mortality associated with LRYGB, LSG, and LAGB from the ACS-
BSCN dataset. (Data from [37])
– LRYGB LSG LAGB
30-day mortality (%) 0.14 0.11 0.05
1 year mortality (%) 0.34 0.21 0.08
30-day morbidity (%) 5.91 5.61 1.44
30-day readmission (%) 6.47 5.40 1.71
30-day reoperation/intervention (%) 5.02 2.97 0.92

LRYGB laparoscopic Roux-en-Y gastric bypass, LSG laparoscopic sleeve gastrectomy, LAGB 
laparoscopic adjustable gastric band
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confirmed on upper gastrointestinal imaging series, treatment involves laparoscopic 
repositioning or removal of the band. Findings of complete obstruction may become 
life threatening, and patients with such symptoms must be seen urgently by a bar-
iatric surgeon [38]. Unfortunately, the recent reports of high degrees of long-term 
failure may be directly attributed to this poor follow-up.

Band erosion into the lumen of the stomach is a rare but potentially devastating 
complication of LAGB placement. Band erosion has an incidence of approximately 
1.5 % and is lower in the hands of experienced surgeons [39]. The mean time from 
initial band placement to erosion is 12 months. Erosions usually do not present as 
surgical emergencies but as loss of action of the band.

Complications requiring reoperation are reported in 10–15 % of patients, and 
permanent removal of the band is infrequent; less than 5 % [40, 41]. These numbers 
have been decreasing since the advent of the band given improvements in band ma-
terials and adjustment techniques. Given that the band is made of synthetic material, 
band replacement due to material wear remains a possibility even for a correctly 
placed and maintained band system.

Postoperative Management

The success with LAGB begins prior to surgery. It is imperative that the patient 
understand that obesity is a chronic condition, and a commitment to follow-up is in-
tegral to successful postsurgical outcomes. At the completion of the surgical place-
ment, no additional saline should be added. The initial addition of fluid most com-
monly occurs at the 4–6-week postoperative patient visit. Timely band adjustments 
support weight loss by helping patients avoid feeling symptoms associated with un-
der or over filling. Band adjustments may be performed within an office visit. The 
use of fluoroscopy is helpful, especially in difficult patients. Patients generally re-
quire 4–10 adjustments in the first year and 1–3 during subsequent years [42]. Clear 
dietary recommendations are important immediately postoperative and in the long 
term. Only liquid intake is encouraged within the first 2 weeks after band place-
ment. The anticipated intake during this time is approximated to be 800–1000 cal. 
Over the following 2–4 weeks, there is a transition phase from liquids to soft foods 
to solid food. A once-a-day multivitamin containing daily requirements of folic 
acid, vitamin B1, and vitamin B12 is recommended. In addition, other supplements, 
including calcium, vitamin D, and iron, may be added.

The LAGB allows for a sense of satiety and compliance with the following rec-
ommendations. Patients are typically encouraged to eat three to four small meals per 
day of high protein or complex carbohydrate, solid foods. Many patients experience 
difficulty with breads and red meat. Occasionally, there may be some difficulty with 
dry chicken, rice, and some types of vegetables. Patients are advised to eat slowly, 
stop when comfortable, and not snack between meals. There are to be no liquids with 
the meals, and most liquids should be calorie-free. Analysis of food intake with these 
specified rules indicated a daily consumption of between 800 and 1200 cal [42].
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Generally, it is recommended that the LAGB patient be seen every 4–6 weeks 
during the first postoperative year and every 3–6 months for 2 additional years. 
After this period, yearly visits suffice depending on the need for adjustment. Associ-
ated comorbidities such as diabetes, hypertension, sleep apnea, and asthma should 
be monitored and therapy modified as needed. Plasma glucose, lipid profile, liver 
function tests, iron, vitamin B1, vitamin B12, and folate levels should be monitored. 
Communication with the patient’s primary care provider is essential to managing 
these comorbid conditions. Postoperative care is continued for as long as the LAGB 
is in place and may represent a lifelong commitment.

It is clear that LAGB is a safe, effective solution to significant, sustainable 
weight loss as well as comorbidity resolution. It is also clear that patients receive 
long-term postoperative care to ensure the best outcomes.

Acknowledgment  A special thanks to Allergan Inc. for providing the Lap Band placement figures.
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Introduction

The prevalence of obesity has been increasing in adults over the past 30 years. In 
the USA, it is estimated that 35 % of adults are obese [1]. Obesity is a risk factor 
for metabolic complications such as insulin resistance, type 2 diabetes, nonalco-
holic fatty liver disease, dyslipidemia and hypertension and can lead to morbidities 
including atherosclerosis and cardiovascular disease. Treatment of obesity includes 
behavioral modification, pharmacotherapy, and bariatric surgery. Bariatric surgery 
is the most effective treatment for obesity and can reduce mortality and obesity-
related comorbid conditions in severely obese patients [2, 3]. There has been an 
increase in the number of bariatric surgeries performed since the introduction of 
minimally invasive surgery with an estimated 113,000 cases performed currently 
per year [4].
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Appropriate Candidates for Bariatric Surgery

The 1991 NIH Consensus Development Conference Panel and the National Heart, 
Lung, and Blood Institute guideline recommended bariatric surgery in patients if 
they are morbidly obese (BMI > 40 or ≥ 35 kg/m2 with comorbidities), have failed 
attempts at diet and exercise, are motivated and well informed, and are free of sig-
nificant psychological disease [5]. There are no absolute contraindications to bariat-
ric surgery. Relative contraindications to surgery may include severe heart failure, 
unstable coronary artery disease, end-stage lung disease, active cancer diagnosis/
treatment, cirrhosis with portal hypertension, uncontrolled drug or alcohol depen-
dency, and severely impaired intellectual capacity [6]. Practitioners must decide if 
a patient demonstrates adequate understanding of the procedure and motivation to 
comply with follow-up care. This includes an understanding of the complications of 
bariatric surgery, and the need for postoperative medical and nutritional visits. It is 
crucial to engage the entire team caring for the patient when making the final deci-
sion so as to ensure the safest and most optimal outcome for the patient.

Preoperative Evaluation

A multidisciplinary team, including a medical practitioner, nutritionist, mental 
health professional, and surgeon, should be involved in the evaluation of patients 
undergoing bariatric surgery. The goal of the evaluation is to ensure proper candi-
date selection, reduce surgical risks, and optimize postoperative outcomes.

History and Physical Examination; Comorbidities, Weight Loss 
History

Patient evaluation prior to bariatric surgery should be comprehensive, and include 
the obesity-related comorbidities, possible treatable underlying causes of obesity, 
weight loss history, psychosocial history, and physical exam. The detailed weight 
history includes patterns of weight gain and loss, as well as prior weight loss at-
tempts with dietary and medical therapies. Most patients who present for the evalu-
ation of bariatric surgery have a history of extensive dieting. The physician should 
also review the patient’s compliance with prior medical therapies. Commitment to 
medical follow-up is an important component in eligibility for bariatric surgery, as 
it is critical to monitor for nutritional deficiencies and ensure optimal long-term 
weight loss [7, 8].
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Screening for Causes of Obesity

Secondary causes of obesity can be screened mostly by a good history and physical 
examination. Obesity is associated with increased thyroid stimulating hormone (TSH) 
levels and subclinical hypothyroidism [9]. Hypothyroidism is more common in obesity 
than normal weight individuals and can cause weight gain but it is usually not the sole 
cause of obesity. High-risk patients including patients with history of autoimmune dis-
ease, history of neck radiation or thyroid surgery, family history of thyroid disease, or 
an abnormal thyroid examination should be screened with a TSH level and treated with 
levothyroxine accordingly [10]. Prevalence of Cushing’s syndrome (CS) in morbidly 
obese patients was found to be 0.6 % [11]. Routine screening for CS is not recommend-
ed and caution should be made since screening tests can give false positive results in 
overweight/obese subjects [12, 13]. Some clinical signs such as purplish striae, proxi-
mal muscle weakness, and osteopenia may be a clue for further work up. In a case with 
clinical features of Cushing’s syndrome, the overnight dexamethasone suppression test 
is a choice for screening in the obese population since it gives fewer false positive rate 
than the 24 h free urinary cortisol test [14].

Screening for Obesity-Related Comorbidities

The goal of this evaluation is reduce operative risk and optimize postsurgical out-
comes. Common obesity-related comorbidities include type 2 diabetes, hyperten-
sion, dyslipidemia, obstructive sleep apnea (OSA), and nonalcoholic fatty liver 
disease (NAFLD) [15]. The physical examination should be comprehensive, and 
include calculation of BMI, measurement of blood pressure, heart rate, height, 
weight, and also waist circumference. Routine preoperative tests should include 
fasting blood glucose, lipid panel, kidney function, liver function test, urinary anal-
ysis, prothrombin time/INR, and complete blood count.

Cardiovascular risks should be assessed based on individual coronary risk fac-
tors, physical exercise capacity, and symptoms of unstable cardiac disease. A base-
line electrocardiogram (EKG) is recommended to screen for ischemia and prior 
infarction. Patients with existing heart disease may require extensive evaluation by 
cardiologists. Preoperative stress tests should be considered on patients with known 
heart disease, those older than 55, patients who have had diabetes for more than 10 
years, and those with atypical chest pain. EKG should be performed in patients with 
congestive heart failure or suspected pulmonary hypertension [16]. Prophylactic 
beta-blockers should be considered in moderate- to high-risk patients, including 
those with two or more cardiac risk factors. Major risk factors include a prior his-
tory of heart disease, heart failure, cerebrovascular disease, insulin-dependent dia-
betes, and chronic renal insufficiency [17, 18].

The extent of preoperative pulmonary evaluation varies between institutions. 
Chest X-rays should be considered as part of the evaluation [19]. OSA is quite com-
mon in obese patients with prevalence up to 80 % in men [20]. Moderate to severe 
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OSA is associated with an increased risk of adverse outcomes [21] and mortality 
[22, 23]. Screening should include symptoms of OSA such as daytime sleepiness, 
decreased concentration, snoring, gasping/choking at night, and morning head-
aches. If sleep apnea is suspected, the patient should be referred for polysomnogra-
phy. Standard treatment with continuous positive airway pressure (CPAP) is recom-
mended prior to surgery. There is an evidence that the use of CPAP prior to surgery 
reduces postoperative pulmonary complications [24].

Obesity itself and rapid weight loss following bariatric surgery increase the 
risk for gallstone formation and gallbladder disease. NAFLD is estimated to oc-
cur in 70–80 % of the obese population [25, 26] and is one of the leading causes of 
chronic liver disease. Routine abdominal ultrasound may be considered since it is 
the most cost-effective and noninvasive study to evaluate gallstone and fatty liver. 
Many obese patients will have asymptomatic elevations of liver enzymes due to 
NAFLD but viral hepatitis screen is needed to exclude other causes. Patients with 
evidence of liver dysfunction should have a liver biopsy done at the time of surgery 
to determine the extent of hepatic damage and the prognosis. Routine screening 
for Helicobactor pylori ( H. pylori) may be considered in high-prevalence areas. If 
screening test with H. pylori antibody is positive, treatment with antibiotics, and 
the urea breath test to confirm eradication are recommended [27]. Some evidences 
suggested that screening and treatment of H. pylori infection reduced postoperative 
marginal ulcers [28, 29].

Obesity is a risk factor for venous thromboembolism. Perioperative venous 
thromboembolism remains an important complication of bariatric surgery. Routine 
evaluation with Doppler ultrasound is not recommended but diligent perioperative 
prophylaxis is critical. Unfractionated heparin, 5000  IU subcutaneously, or low 
molecular weight heparin therapy should be initiated shortly (within 30–120 min) 
before bariatric surgery and repeated every 8–12 h postoperatively until the patient 
is fully mobile [30]. Patients with history of deep venous thrombosis or cor pulmo-
nale should have further diagnostic tests but whether they should be considered for 
prophylactic inferior vena cava (IVC) filter placement remains controversial since 
placement of an IVC filter may lead to additional complications [31–33].

Obesity and weight change increase the risk of gout. Gout attacks can be precipi-
tated by rapid weight loss. Patients with history of gout should be considered for 
prophylactic treatment. Bariatric surgery is associated with bone loss [34, 35], but 
obese persons generally have higher bone mass to begin with despite higher preva-
lence of vitamin D deficiency. There are insufficient data to recommend routine 
preoperative dual-energy X-ray absorptiometry (DXA) but may be considered in 
patients with risk factors or postmenopausal women [36].

Baseline Nutrient Screening

Routine nutrient screening includes iron studies, folate level, vitamin B12 level, and 
25-vitamin D. Thiamine levels are recommended in adolescents prior to surgery 
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[37]. Patients undergoing malabsorptive procedures may be considered for exten-
sive tests such as measurement of fat-soluble vitamins (vitamin A and E) [38]. The 
prevalence of vitamin D deficiency and insufficiency is high in obese population 
and vitamin D deficiency should be corrected prior to surgery [39] (Table 10.1).

Clinical Nutrition Evaluation and Psychosocial-Behavioral 
Evaluation

Patients should be evaluated for existing knowledge regarding healthy diet and ex-
ercise habits. The patient should demonstrate appropriate insight into the causes and 
consequences of obesity, and an understanding of the adjustments that will need to 
be made after surgery. A dietitian will be needed to prepare the patient for the post-
operative nutritional guidelines.

The practitioner should look for evidence of an eating disorder or other psy-
chiatric condition. This should include questions targeted at untreated depression, 
personality disorders, and substance abuse. It is estimated that more than 50 % of 
patients referred for bariatric surgery have a psychiatric disorder [40]. Patients with 
history or suspected psychiatric illness, substance abuse, or dependence, should 
undergo a formal mental health evaluation prior to surgery [19]. Binge eating dis-
order and night eating syndrome are quite common in obese patients [41]. Patients 
should be educated for nutritional and behavioral changes before and after bariatric 
surgery. Bulimia nervosa is rare but should be considered a contraindication to bar-
iatric surgery.

Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy increase the rate of 
alcohol absorption and blood alcohol concentration [42, 43]. Patients should be 
advised about alcohol consumption. Some evidence suggested that bariatric surgery 

Table 10.1   Preoperative laboratory testing prior to weight loss surgery
Complete blood count
Fasting glucose (and hemoglobin A1C if diabetic)
Basic metabolic panel including kidney function
Liver function tests
Lipid panel
Urinary analysis
Prothrombin time/INR
TSH
B12, iron studies, folate, 25-vitamin D (and Thiamine level in adolescents)
Electrocardiogram, chest X-ray
In some patients: H. pylori screening, gallbladder ultrasound, polysomnography, fat-soluble 
vitamins (A and E)

TSH thyroid stimulating hormone
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candidates have an increased risk of alcohol use disorder after surgery [44, 45]. 
Screening and assessment preoperatively is appropriate.

Tobacco smoking was found to be associated with increased risk of pneumonia 
and postoperative marginal ulcers [46]. Patients should be advised about smoking 
cessation. Smoking should be stopped at least 8 weeks prior to surgery. Obesity is 
associated with increased risk of malignancies and mortality from cancer [47–49]. 
Patients should undergo age- and risk-appropriated cancer screening prior to bar-
iatric surgery.

Pregnancy should be avoided 12–24 months postoperatively [50]. Patients 
should be advised about contraception since their fertility status might be improved 
after weight loss [51, 52]. Close monitoring is needed in patients who become preg-
nant after bariatric surgery for appropriate weight gain, nutritional supplements, 
and fetal health monitoring [53]. Patients taking hormone therapies that increase the 
risk of thrombotic complications should be advised to discontinue this medication. 
Premenopausal women should stop oral contraceptive pills 6 weeks before surgery, 
and postmenopausal women on hormone replacement therapy should be tapered 
off the medication 4–6 weeks before surgery [19]. These medications should not be 
restarted until at least 90 days after surgery.

Preoperative Weight Loss and Glycemic Control

Preoperative weight loss is recommended, if possible. Weight loss of 5 % of excess 
body weight or 10 % of total weight is associated with reduced liver volume and 
shortened operative time [54–56]. Whether preoperative weight loss has an impact 
on long-term outcomes such as postoperative weight loss and resolution of comor-
bidities is still unclear [57–60]. There is a concern that patients who are unable to 
lose some amount of weight prior to bariatric surgery will be unable to comply with 
medical advice and the necessary dietary restrictions after surgery. Such patients 
should be evaluated on a case-by-case basis to determine if proceeding to bariatric 
surgery is appropriate [59].

Preoperative glycemic control in patients with diabetes should include medi-
cal nutrition therapy, physical activity, and medication adjustment as recommended 
by the American Diabetes Association. Glycemic targets include hemoglobin A1c 
of < 7.0 %, preprandial capillary plasma glucose of 70–130 mg/dl and peak post-
prandial capillary plasma glucose of  < 180 mg/dl [61]. Less-stringent targets for 
hemoglobin A1c may be considered in patients with advanced microvascular and 
macrovascular complications, long duration of diabetes, and those who are at risk of 
hypoglycemia [62]. Poor preoperative glycemic control is associated with postop-
erative hyperglycemia and less weight loss [63], and postoperative hyperglycemia 
is an independent risk factor for surgical site infection [64, 65].
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Immediate Postoperative Management

Prevention and Recognition of Complications

There has been an increase in the number of bariatric procedures performed in the 
USA over the past 10 years. With improvement in surgical techniques and surgical 
experience, the 30-day inpatient mortality rate has declined to about 0.09–0.3 % [21, 
66, 67]. The major complication rates following bariatric surgery are approximately 
5–10 % and most common are venous thromboembolism and respiratory compli-
cations [68]. Patients who are at high risk for postoperative myocardial infarction 
should be monitored in an intensive care setting. High-risk features include age > 50, 
history of congestive heart failure, myocardial infarction, OSA, venous thromboem-
bolism, metabolic syndrome, chronic respiratory failure, and pulmonary hyperten-
sion [69, 70].

Pulmonary embolism is by far the most common cause of mortality after bariatric 
surgery. Increased risk is seen in patients with a BMI > 60, severe venous stasis dis-
ease, and obesity hypoventilation syndrome [71]. Prophylaxis against deep venous 
thrombosis is recommended for all patients. Most physicians employ intermittent 
compression stockings or subcutaneous unfractionated heparin or low molecular 
weight heparin as mentioned in the previous section. Post hospital discharge, ex-
tended thromboprophylaxis may be considered depending on patient’s risk factors, 
activity level and risk of bleeding [72], and may help in reducing the incidence of 
venous thromboembolism after hospital discharge [73].

Pneumonia or aspiration can occur in 0.14–2.6 % of patients [68, 74]. Pulmonary 
complications can be prevented by use of incentive spirometry, early ambulation, 
and adequate pain control [75]. Studies have shown that CPAP can be used safely 
and does not cause an increased anastomotic leak rate [76]. CPAP can be used if clin-
ically indicated and can improve oxygenation and reduce the rate of intubation [77].

Another serious postoperative complication is anastomotic or staple line leak. 
Leaks are the second most common cause of death following bariatric surgery, and 
account for 38 % of deaths after laparoscopic gastric bypass, and 12.5 % of deaths 
after open bypass [74]. Anastomotic leaks can lead to sepsis, organ failure, and 
death, and may be difficult to diagnose. The presence of tachycardia of > 120 beats/
min, tachypnea, fever, or abdominal pain should prompt an evaluation [78, 79]. In 
the clinically stable patient, upper GI study or computed tomography may be con-
sidered for initial evaluation. Less severe cases can be managed with antibiotics and 
drainage; however, reoperation is necessary in some cases [80].

Rhabdomyolysis is a potential complication of surgical procedures in morbidly 
obese patients. Risks include BMI > 55 kg/m2, prolonged operative time, and dia-
betic status [81–83]. Prevention can be implemented by adequate padding at pres-
sure points and screening CK levels in high-risk patients [84].

Surgical site infections are another concern after bariatric surgery. They are more 
common after open procedures than those done laparoscopically (an incidence of 
7 % vs. 3 %) [74, 85]. Patients should be managed with prophylactic antibiotics and 
drainage as needed. While wound infections rarely cause death, they cause signifi-
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cant morbidity and increase the length of hospital stay. Hyperglycemia is one of the 
risk factors for surgical site infection [86] and attempt should be made to control 
postoperative hyperglycemia.

Diet and Nutritional Support

Nutritional support after bariatric surgery is designed to ensure adequate hydra-
tion, promote wound healing, preserve lean body mass, and minimize GI distress. 
Careful counseling by a dietitian is critical for success. Usually, a protocol-derived 
nutritional program can be started within 24 h after surgery but the diet progres-
sion should be discussed with the surgeon and guided by the dietitian. The general 
progression of a patient’s diet after surgery includes five stages over two months 
after surgery. Patients will advance through stages 1 and 2 to stage 3 while in the 
hospital and will continue on stage 3 at home before being advanced to stages 4 and 
5 after post op evaluation by their physician. The diet is advanced from only liquids 
to high-protein soft solids and then eventually to low-fat high-protein solid foods 
over the course of 2 months. Details of postoperative diet stages are in Table 10.2. 
Protein intake should be assessed and guided by the dietitian. Minimum protein in-
take of 60–90 g per day should be achieved to avoid loss of lean body mass [87, 88]. 
Protein intake is usually inadequate in the first 2 months after surgery; therefore, 
protein supplements such as protein powder are often advised to achieve optimal 
protein intake.

There are some general principles to help patients adjust to digestion with their 
new anatomy. Patients should chew food very thoroughly to facilitate swallowing 

Table 10.2   Postoperative diet stages
Diet stage Length of time Fluids/food Example
Stage 1 1 day Begin sips of water 1 fluid oz. water per hour
Stage 2 1 day Sugar-free clear liquid diet 32 fluid oz. per day (1 quart)

Noncarbonated; no caffeine Water, broth, Crystal Light
Stage 3 2–3 weeks Full liquids; high protein 

drinks
48–64 + fluid oz. per day
Nonfat Lactaid 100 milk
Nonfat, no-added sugar soy-milk 
fortified with calcium
Plain nonfat yogurt; Greek yogurt

Stage 4 4 weeks Soft protein foods 4–6 small meals per day
Soft, moist, diced, ground 
or pureed protein

Eggs, ground meats, poultry, fish, 
cottage cheese, fat-free cheese, 
yogurt

Stage 5 Ongoing High-protein solid foods 60+ g of protein per day
Low-fat, sugar-free food Plus fruits and vegetables

Always eat protein first



16310  Perioperative Care of the Surgical Patient

and prevent vomiting. During the progression through early food stages, patients 
should not drink liquids at the same time as they are eating their regular small 
meals. It is common for patients to have difficulty tolerating several types of food 
during the first several months after surgery, most commonly dry meats, breads, 
pasta, milk, and nuts. Patients should keep a food log to help identify food intoler-
ances and monitor compliance. Protein should be consumed at the onset of the meal 
and carbohydrate should come from nutrient-dense complex carbohydrates to avoid 
Dumping syndrome [89]. Dumping syndrome can occur after the Roux-en-Y gas-
tric bypass due to the loss of the physiologic sphincter at the stomach outlet. If the 
patient consumes a bolus of high sugar or high fat food, its arrival into the small in-
testine will cause a release of gut hormones and an influx of intraluminal fluid. The 
patient may experience nausea, diarrhea, flushing, and palpitations. This syndrome 
can usually be managed with nutritional counseling.

Routine vitamin supplementation will vary from patient to patient, with the most 
important determinant being the type of surgery performed. Though the laparo-
scopic adjustable gastric banding does not generally cause vitamin or mineral mal-
absorption, the variety and amount of food intake are restricted. It is recommended 
to take a multivitamin to meet daily requirements for both vitamins and minerals. 
Those undergoing Roux-en-Y gastric bypass, biliopancreatic diversion or biliopan-
creatic with duodenal switch are at greater risk for nutritional deficiencies [90]. 
Routine nutrient supplementation is shown in Table 10.3.

All patients should be encouraged to consume 1–2 multivitamins per day after 
surgery depending on the type of procedure performed. Patients may initially tol-
erate two chewable children’s tablet more easily during the first 1–2 months after 
surgery. Most clinicians recommend routine supplementation with 1200–1500 mg 
of calcium per day. Calcium citrate tablets may be better absorbed than calcium 

Table 10.3   Suggested routine postoperative nutritional supplements
Supplement For purely restrictive proce-

dure, e.g., LAGB
For malabsorptive procedure, e.g., 
LRYGB

Multivitamin plus mineral 1 tab daily 2 tabs daily
Calcium citrate 1200–1500 mg of elemental 

calcium per day, divided 
doses

1200–1500 mg of elemental cal-
cium per day, divided doses

Vitamin D 3000 IU per day or more
Vitamin B12 Oral crystalline B12 350 mcg 

per day
Or 1000 mcg intramuscularly 
every 1–3 months
Or 500 mcg intranasally every 
week

Folate 400 mcg per day in multivitamins
Iron Ferrous fumarate 325 mg twice 

per day for menstruating women
LAGB laparoscopic adjustable gastric banding; LRYGB laparoscopic Roux-en-Y gastric bypass
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carbonate tablets due to decrease in stomach acid. Most calcium tablets also con-
tain vitamin D but this may not provide adequate supplementation. At least 3000 
IU of vitamin D is required to get 25-vitamin D levels > 30 ng/ml. Some patients 
may require a much higher dose of vitamin D to achieve this level. It is estimated 
that 30–50 % of patients might develop B12 deficiency after gastric bypass if not 
supplemented beyond a multivitamin [91, 92]. Treatment with oral crystalline B12 
at doses of at least 350 mcg per day has been shown to maintain normal plasma B12 
levels [93]. Subcutaneous or intramuscular injections may be used in patients not 
responding to oral therapy. A multivitamin containing folate will generally provide 
sufficient folic acid after surgery [94]. Iron deficiency after gastric bypass is quite 
common especially in premenopausal women. Additional ferrous fumarate supple-
mentation with 325 mg twice per day may be needed in menstruating women [95]. 
Vitamin C may also be used to facilitate absorption.

Early Post-op Medication Management

During the immediate postoperative period, obesity-related comorbidities may 
change dramatically and it is important to monitor closely. In addition, patients 
undergoing Roux-en-Y gastric bypass or other malabsorptive procedures may have 
a change in the bioavailability of a particular drug depending on its site of absorp-
tion. For example, extended release formulations should be changed to immediate 
release and given in the crushed form.

Postoperative Blood Glucose Control and Medications Adjustment

After bariatric surgery, patients demonstrate a dramatic change in insulin sensitivity 
and glucose tolerance. In the immediate postoperative period, the patient’s medi-
cations may need to undergo significant adjustment. Insulin secretagogues (sulfo-
nylureas and meglitinides) should be discontinued and insulin dosage should be 
reduced due to risk of hypoglycemia. Insulin therapy can be used in hospitalized 
patients to obtain a premeal blood glucose target of less than 140 mg/dl and random 
blood glucose of less than 180 mg/dl [96]. Metformin may be used postoperatively 
once patient is able to tolerate fluids and diet but caution should be made in patients 
with reduced glomerular filtration rate (GFR) [97, 98]. Patients who are on insulin 
therapy are encouraged to monitor their blood sugar at home at least 3–4 times a 
day. The dosage of insulin should be titrated depending on patients’ blood sugar 
level. Recently, a simple scoring system (DiaRem score) has been developed as 
a tool to help predict the likelihood of diabetes remission after Roux-en-Y gastric 
bypass surgery by using four clinical parameters: insulin use, age, HbA1c concen-
tration, and type of antidiabetic drugs [99].

Antihypertensive medications should be adjusted during perioperative period. 
Diuretics and angiotensin converting enzyme inhibitors should be withheld 24 h be-
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fore surgery due to the risk of hypovolemia and electrolyte imbalance. They can be 
slowly restarted if clinically indicated. Beta-blockers should be continued through-
out, if possible. Stopping beta-blockers abruptly may lead to withdrawal syndrome 
with tachycardia and rebound hypertension [100]. Beta-blockers have potential ad-
verse metabolic effects on lipids and insulin sensitivity and can cause weight gain 
in some patients [101]. If a beta-blocker is no longer indicated, practitioner should 
consider tapering it off and switching to other antihypertensive agents.

Long-term Follow-Up After Bariatric Surgery

Initial Follow-Up and Weight Loss

The timing of visits with the medical practitioner depends upon the type of surgery, 
as well as the patient’s comorbidities and overall health. Initial follow-up would be 
at 2–6 weeks after surgery and then every 3–6 months interval [19, 102]. Patients 
with serious comorbidities or complications should be seen more frequently. After 
the first year, visits may be spaced out to every 6–12 months. All patients should be 
reminded that they must visit a medical practitioner at least annually to monitor for 
complications and nutritional deficiencies.

Generally, patients are able to start a walking exercise program within 1 week. 
Most patients should not do more vigorous exercise than walking until 6–12 weeks. 
Patients are encouraged to gradually increase their physical activity to a minimum 
of 150 min per week and to a goal of 300 min per week for aerobic physical activity, 
plus strength training 2–3 times per week [103].

Nutritional Status

It is recommended that patients be routinely screened for micronutrient deficien-
cies at 3, 6, and 12 months after surgery, and annually thereafter [19]. Suggested 
laboratory monitoring is shown in Table 10.4. Patients consuming a multivitamin 
after bariatric surgery generally maintain adequate levels of fat-soluble vitamins. 
There is currently insufficient evidence to support routine screening for essential 
fatty acid, vitamin E, or K deficiencies. Screening for vitamin A deficiency may be 
indicated in patients who have undergone a malabsorptive procedure and presenting 
with ocular symptoms.

Anemia should prompt an evaluation for nutritional deficiencies. Iron deficiency 
is common after bariatric surgery. Contributing factors include low intake of red 
meat, bypass of the duodenum and proximal jejunum where most of the absorption 
occurs, and a decrease in gastric acid needed for adequate iron absorption. Patients 
who remain iron deficient despite oral supplementation should undergo a work-up 
for gastrointestinal (GI) blood loss (including marginal ulceration), and be consid-



166 P. Boonchaya-Anant et al.

ered for intravenous (IV) iron therapy. Serum ferritin is the most sensitive marker of 
early iron deficiency [104] and should be included in routine screening.

Vitamin B12 deficiencies can occur after bariatric surgery procedures that bypass 
the lower stomach. The initiation of vitamin B12 supplementation within 6 months 
postoperatively is important. Signs and symptoms of vitamin B12 deficiency are 
pernicious anemia, neuropathy, depression, and dementia. When assessing B12 de-
ficiency, levels of homocysteine and methylmalonic acid should also be obtained as 
these are more sensitive markers of B12 deficiency [105]. Treatment with oral crys-
talline B12 at 1000 mcg daily or B12 500 mcg intranasal weekly is recommended. 
If B12 sufficiency cannot be maintained by oral or intranasal routes, intramuscular 
or subcutaneous B12 1000 mcg every month to 1000–3000 mcg every 6–12 months 
is indicated.

Multivitamin supplements providing 400 mcg/day folate can effectively prevent 
the development of folate deficiency after bariatric surgery. Routine supplementation 
is recommended especially in women of childbearing age to reduce the risk of fetal 
neural tube defects.

Thiamine deficiency can occur as a result of bypass of the jejunum, where thia-
mine is primarily absorbed. Thiamine deficiency after gastric bypass is rare but 
should be considered in patients who have persistent vomiting or inadequate nu-
trient intake and it can occur around 6 weeks to 3 months after surgery. Empiric 
treatment should be considered in patients with rapid weight loss, intractable vom-
iting, alcohol use, neuropathy, encephalopathy or congestive heart failure. Early 
recognition and treatment is important to prevent devastating complications such as 
Wernicke–Korsakoff syndrome. Parenteral supplementation with thiamine 100 mg 

Table 10.4   Suggested postoperative laboratory monitoring
1 month 3 months 6 months 12 months Annually

CBC/plt X X X X X
BMP X X X X X
LFTs X X X X X
Glucose X X X X X
Lipids X X X X
Iron studies/
vitamin B12/
folate

X X X X

25-vitamin D X X X
iPTH/
Calcium/ALP

X X X

Vitamin B1 Optional Optional Optional
Zinc Optional Optional
Vitamin A Optional

BMP basic metabolic panel including kidney function; LFTs liver function tests; iPTH intact 
parathyroid hormone; ALP alkaline phosphatase, CBC complete blood count
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per day should be initiated in the patient with active neurological symptoms. Severe 
cases should be treated with IV thiamine 500 mg per day for 3–5 days, followed by 
250 mg per day until resolution of symptoms [106–108]. After 7–14 days, one can 
switch to an oral supplement of 10 mg per day.

Oral calcium and vitamin D supplements are important for bone health and to 
prevent secondary hyperparathyroidism. Vitamin D malabsorption occurs after bar-
iatric surgery and in some patients the doses of vitamin D supplement may need to 
be as high as 50,000 units 1–3 times weekly. Following bariatric surgery, there is a 
significant increase in markers of bone turnover associated with a decrease in bone 
mass and the degree of loss of bone mineral density is associated with the amount 
of weight loss [109]. Possible mechanisms are skeletal unloading and secondary 
hyperparathyroidism [35]. Because of the complexity of calcium and vitamin D 
regulation, it is recommended that several parameters of bone health be monitored, 
including parathyroid hormone, total calcium, albumin, 25-OH vitamin D, 24-h 
urine calcium and bone-specific alkaline phosphatase levels. Dual-energy X-ray 
absorptiometry (DXA) is indicated to monitor for osteoporosis at 2-year intervals 
especially in high risk groups such as postmenopausal women.

Some bariatric patients have been documented to have low levels of selenium, 
zinc, and copper. Of these, zinc deficiency may be the most common, particularly 
after malabsorptive procedure. Symptoms of zinc deficiency include impaired im-
mune function, hair loss, pica, and rash. Unfortunately, zinc deficiency is difficult 
to diagnose as serum levels represent < 0.1 % of total zinc stores, and during periods 
of inflammation this level will be artificially low due to increased zinc uptake in the 
liver [110]. Practitioners should rely on the clinical picture and laboratory data to 
assess the need for supplemental zinc. Oral Zinc supplement of 15–20 mg per day 
or up to 60 mg per day in the setting of malabsorption is advised [111].

Clinically relevant deficiencies of selenium and copper are poorly studied and 
seem to be rare. Symptoms of copper deficiency such as peripheral neuropathy and 
myelopathy are often indistinguishable from those occurring with vitamin B12defi-
ciency. Low plasma copper concentration and ceruloplasmin activity can be helpful 
to make the diagnosis. Treatment with IV copper of 2.4 mg daily for 6 days, fol-
lowed by weekly intravenous copper of 2.4 mg combined with oral supplementa-
tion of 8  mg copper/daily until normal copper levels in blood are achieved was 
suggested [50].

Despite routine multivitamins and minerals supplementation, nutritional defi-
ciencies can still occur. This could be due to baseline nutritional status, adherence 
to supplementation, adequacy of dietary intake, and type of bariatric surgery [112]. 
Thiamine deficiency can occur as early as 2–3 months postoperative in patients 
with frequent vomiting. Iron deficiency and vitamin B12 deficiency can be seen at 6 
and 12 months, respectively. Copper deficiency can be seen at 24 months following 
gastric bypass surgery [113]. A small study has shown reduced Zinc concentration 
at 12–18 months after gastric bypass surgery [114].
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Medical Management of Comorbidities and Medication 
Adjustment

During routine follow-up visits, the practitioner should assess for resolution or 
improvement of patients’ comorbidities. Bariatric surgery has been shown to dra-
matically improve diabetes [115, 116] and more than 70 % of patients will be nor-
moglycemic off medication 2 years after surgery [117]. Patients who were taking 
insulin prior to surgery should have their basal insulin dosage decreased by half and 
discontinued for low sugars. Patients taking prandial insulin should not resume this 
practice until postprandial glucose values rise above 150 mg/dl. The most important 
factor in assuring safety is frequent monitoring, and patients should check their 
blood sugar 3–4 times daily and if needed discuss these values several times per 
week with their clinician. Because of the risk of future diabetes, patients who have 
been weaned off all of their medications should be checked at regular intervals for 
recurrent hyperglycemia. It is unclear if patients who have had resolution of their 
diabetes should continue other aspects of preventative diabetic care.

Hypertension improves variably after bariatric surgery, but approximately 30 % 
of patients with prior hypertension will not require medication at 2 years postopera-
tive [117]. The reduction in blood pressure can be seen as early as 1 week postop-
erative [118]. Antihypertensive medications should be adjusted and patients’ blood 
pressure should be monitored periodically. Use of diuretics should be cautious due 
to risk for dehydration and electrolyte abnormalities.

After bariatric surgery, patients can anticipate an improvement in total choles-
terol, triglycerides, and HDL as early as 3 months postoperatively [119]. In the 6 
months following surgery, a reduction of more than 15 % of total cholesterol and 
a triglyceride reduction of more than 50 % can be observed [120]. Patients should 
then have their cholesterol levels measured 3 months postoperatively and rechecked 
periodically. Statin use may be continued depending on patient’s cardiovascular risk 
factors and lipid level goals [121].

Patients with NAFLD generally see improvement following bariatric surgery. 
Weight loss after bariatric surgery in obese patients will decrease the grade of ste-
atosis, hepatic inflammation, and even the fibrosis [122–124]. Patients with history 
of transaminitis should be followed with liver function tests periodically to ensure 
that the levels fall into normal range.

Over 75 % of patients with OSA can expect resolution or improvement of their 
disease following bariatric surgery [125]. At this time, there are no standing recom-
mendations for discontinuation of CPAP therapy after bariatric surgery. However, 
it may be reasonable to seek repeat polysomnography after the patient has achieved 
30 % loss of excess body weight [126].

Psychiatric medications may need to be continued postoperatively and the need 
for medications reassessed in conjunction with a psychiatrist. Weight loss after 
bariatric surgery increases fertility. Hormonal methods such as oral contraceptive 
pills may be less effective due to malabsorption and changes in sex hormone bind-
ing globulins [127]. Alternative methods should be discussed with a gynecologist. 
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Weight-based dosing medications should be adjusted according to rapid changes in 
patient’s body weight postoperatively. In patients with hypothyroidism, dosage of 
levothyroxine replacement is related to the amount of lean body mass [128]. As the 
patient is losing weight after gastric bypass surgery, levothyroxine dosage should be 
decreased and TSH should be monitored every 2–3 months.

Complications After Bariatric Surgery

During the first 30 days after surgery, complications are usually related to the opera-
tive procedure. Patients experiencing severe vomiting, wound infections, and blood 
clots should be referred back to the surgical team. Complications beyond the first 
month will be discussed in more detail below.

Vomiting after bariatric surgery is multifactorial and occurs in most patients for 
the first several months. Patients will have to adjust to new eating habits with their 
new smaller stomach pouch. In our center, patients presenting to the emergency room 
with vomiting after bariatric surgery receive 100 mg of thiamine, 1 mg of folate, and 
10 cc of liquid multivitamin in normal saline to prevent Wernicke–Korsakoff syn-
drome. Patients who continue to have severe vomiting, or persistent vomiting for 
longer than 6 months should undergo further work-up for obstruction, ulceration, 
stenosis, or dysmotility. Patients with bloating, abdominal pain and bleeding should 
be evaluated for marginal ulceration. If uncomplicated, marginal ulceration can 
usually be managed medically. Nonsteroidal anti-inflammatory drugs should not be 
used after bariatric surgery due to risk of ulcers. Gastric dumping occurs initially in 
patients who have had a Roux-en-Y gastric bypass from bypassing the gastric py-
lorus so food and nutrients will enter small intestine rapidly [129]. Abdominal pain 
and cramping, nausea, diarrhea, light-headedness, flushing, tachycardia, and synco-
pe are symptoms indicative of dumping. Postprandial or reactive hypoglycemia can 
be part of “late dumping symptoms” due to rapid glucose absorption stimulating 
incretins and insulin secretion. Symptoms usually will be less prominent over time 
and patients are advised to eating small frequent meals, avoiding simple sugars, and 
increasing fiber and protein intake [130]. Postgastric bypass noninsulinoma pan-
creatogenous hypoglycemia syndrome (NIPHS) is very rare but several cases have 
been reported [131, 132]. If hypoglycemia persists despite dietary modification, 
patient should be referred to an endocrinologist for further evaluation.

Intestinal bacterial overgrowth is uncommon but can occur after biliopancre-
atic diversion. Symptoms are nonspecific. Sometimes patients presented with di-
arrhea, malabsorption, or thiamine deficiency [133, 134]. Treatment includes oral 
antibiotics and probiotics [135]. Incisional hernias can occur after bariatric surgery 
particularly in those patients who have undergone open surgical procedures. If the 
patient is asymptomatic, it is usually recommended that surgical repair be deferred 
until maximal weight loss has been achieved. In contrast, internal hernias are more 
common after laparoscopic surgery and can be difficult to diagnose due to altered 
gastrointestinal tract anatomy. These patients will often complain of postprandial 
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abdominal pain, nausea, and vomiting. When an internal hernia is suspected, pa-
tients should be referred back to the surgeon for diagnostic imaging and possible 
exploratory surgery [136, 137]. Internal hernia is considered surgical emergency 
since delay in diagnosis can cause morbidity and death.

Gallstones can develop in 28 % of patients after bariatric surgery [138, 139]. 
Patients who presented with right upper quadrant abdominal pain should have im-
aging test with an ultrasound. Several studies have suggested that prophylactic cho-
lecystectomy with bariatric surgery may be reasonable to prevent gallstone-related 
complications [140, 141]. Ursodeoxycholic acid 300–1200 mg/day divided doses 
can decrease gallstone formation in patients who have not had a cholecystectomy 
[142]. Patients who have had malabsorptive procedures are at risk for renal oxalate 
stones because of impaired oxalate binding in the small intestine. These patients 
should consume a moderate calcium diet, avoid dehydration, limit dietary oxalate, 
and adhere with low fat diet. Patients should have periodic urine testing for calcium, 
oxalate and citrate, and careful monitoring of calcium and vitamin D status.

Although rare, some patients have been hospitalized with persistent vomiting, 
weakness, and hyporeflexia after bariatric surgery. This syndrome is known as acute 
post-gastric reduction surgery (APGARS) neuropathy, and remains poorly under-
stood. Nutritional deficiencies were thought to play a role in pathogenesis. When 
suspected, these patients should undergo testing for vitamin deficiencies, especially 
B12, copper, and thiamine, as this has been linked to the syndrome [50, 143].

Hair loss commonly occurs in 3–6 months following surgery. The most common 
form is telogen effluvium, and two risk factors are major surgery and rapid weight 
loss. Patients should be reassured that this should reverse with time and weight 
stabilization.

In general, most patients will have improved psychological functioning after 
surgery. However, a subset of patients will experience difficulties adjusting to their 
new lifestyles and changing interpersonal relationships. The clinician should peri-
odically screen for this and refer to a mental health professional as needed.

Inadequate Weight Loss and Weight Regain

Patients will often lose up to a half to one pound per day for the first 3 months 
after surgery. Maximal weight loss after gastric bypass usually occurs between 12 
and 18 months after bariatric surgery, but may be more gradual in patients after 
laparoscopic gastric banding. In general, bariatric surgery is considered successful 
if the patient loses more than 50 % of their excess body weight. During the period 
of rapid weight loss, it is common for patients to complain of fatigue, hair loss, and 
cold intolerance. After patients achieve peak weight loss, there is usually a period of 
weight stabilization, followed by gradual weight regain. Significant weight regain 
is defined as weight regain of ≥ 15 % of total weight loss and this can occur in about 
15 % of patients [144].
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When a patient complains of weight regain or failure to lose weight, the prac-
titioner should evaluate for patient’s adherence to lifestyle modification, medica-
tions associated with weight gain, development of maladaptive eating behaviors, 
psychological complications, and imaging studies of the gastrointestinal tract [19]. 
Due to improved surgical techniques, ruptured staple line, anastomotic dilation, and 
formation of fistula are now rare causes of weight regain but still can occur in about 
2–5 % of patients [145, 146]. Binge eating disorder and grazing can be causes of 
inadequate weight loss and weight regain. Practitioners should document weight 
patterns and carefully review patients’ dietary habits. Nutritional management with 
low glycemic load with 45 % of carbohydrates, 35 % of protein (80 g for women and 
100 g for men) and 20 % of fat, three servings of dairy products, and a supplement 
of soluble fibers (15 g/day) was found to be helpful [147]. When weight regain is 
severe and uncontrolled, pharmacological therapy or revisional bariatric surgery 
should be considered but with a careful decision by a multidisciplinary team.

Pregnancy

Pregnancy should be avoided 12–24 months postoperatively [50]. Obesity is associ-
ated with subfertility status due to oligo-ovulation or anovulation. Patient’s fertility 
status usually improves after weight loss with bariatric surgery. Patients should be 
compliant with micronutrient intake even at preconception state to reduce risks of 
early pregnancy loss and fetal neural tube defect. Folic acid, vitamin B12, and other 
micronutrients are very important and should be monitored closely. Obstetricians 
should be aware of potential complications such as internal hernias from increased 
intra-abdominal pressure during pregnancy [148]. Patients may present with nau-
sea, vomiting, and abdominal pain. If suspected, a surgical exploration should not 
be delayed to avoid maternal and/or fetal death.

Evidence has shown that women who have had bariatric surgery may have lower 
rates of obesity-related pregnancy complications such as gestational diabetes and 
hypertensive disorders compared to obese women who had pregnancies before their 
bariatric procedures [149]. This could result from improvement of their obesity-
related comorbidities after weight loss from bariatric surgery. In a cohort, bariatric 
surgery did not increase the risk of congenital malformation [150]. Risk of fetal 
macrosomia is lower in obese women [151], but risk of low birth weight and intra-
uterine growth retardation might be higher [152]. Overall, pregnancy after bariatric 
surgery seems to be safe but patients should be monitored closely by multidisci-
plinary team including, obstetrician, nutritionist, and bariatric surgeon.

Body Contouring Surgery

Excess skin after massive weight loss can cause impaired quality of life, skin infec-
tion, and impaired mobility. Some patients may report poor self-esteem and dif-
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ficulty adjusting to their new bodies. Body contouring surgery after gastric bypass 
surgery was found to improve patient’s satisfaction and quality of life [153, 154]. 
Most frequent procedures offered were abdominoplasty and breast reduction/mas-
topexy. The rate of complications of body contouring after massive weight loss is 
quite high at 26 % including wound dehiscence, wound infection, hematoma, and 
tissue necrosis [155]. Body contouring surgery is recommended 18–24 months after 
bariatric surgery to ensure that weight loss has stabilized. Patients who had stable 
weight for 3 months that is close to normal were found to have lower risk of com-
plications after body contouring surgery [156].

Conclusion

There has been much promising evidence and research in obesity and bariatric sur-
gery over the past 10 years. Bariatric surgery has shown to reduce mortality and 
obesity-related comorbid conditions. Careful pre- and postoperative assessment by 
a multidisciplinary team is crucial to optimize patient outcomes.
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Introduction

When considering weight loss surgery (WLS), one must consider the potential ben-
efits and risks of an operation. Studies by Wee et  al. [1] have shown that many 
patients considering WLS expect their outcomes will be better than average and 
that many patients, despite extensive preoperative preparation and counseling, may 
not fully appreciate their risks of morbidity and mortality. Therefore, it is impor-
tant that primary care providers (PCPs) consistently and accurately explain what 
can be achieved from WLS and that ultimate success requires a commitment to 
lifelong follow-up and lifestyle change. Moreover, the PCP should understand com-
mon postoperative complications so they can be diagnosed and managed early and 
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official policy or position of the Department of the Army, Department of Defense, or the US 
Government.



182 M. E. Clark et al.

appropriately, especially weight regain. This chapter discusses the complications of 
WLS that every practicing physician should be aware of.

Patient Selection

Not every patient is an ideal candidate for WLS. Most accredited bariatric programs 
have a multidisciplinary team including a bariatrician, social worker, nurse educa-
tor, psychologist, and a dietician as part of the preoperative assessment. Patients 
who are smoking tobacco, drinking alcohol, noncompliant or with uncontrolled 
psychological disorders are often not candidates for surgery. Furthermore, the team 
assesses whether candidates are prepared to make dietary and lifestyle modifications 
to maximize their outcomes and avoid preventable complications. Are candidates 
prepared to stop smoking, avoid nonsteroidal anti-inflammatory drugs (NSAIDS), 
curb drinking, limit their junk food, be very active in their nutritional choices, and 
increase their exercise? If a patient is a good candidate, then they should be appro-
priately counseled, and started on a pathway to successful weight loss.

Patients and PCPs should also be aware that while WLS is generally safe, com-
plications can occur. The sentences should read.  In a review from the Michigan 
Bariatric Surgical Collaborative published in 2011, 2.5% of patients experienced 
a serious complication.  Significant risk factors for such complications included: a 
prior venous thrombotic event (VTE) with an odds ration (OR) of 1.9, poor func-
tional status (OR=1.61), coronary artery disease (OR=1.53), age over 50 years 
(OR=1.38), pulmonary disease (OR=1.37), male gender (OR=1.26), smoking histo-
ry (OR=1.20) and type of procedure, with the Biliopancreatic Diversion-Duodenal 
Switch (BPD-DS) (OR=9.68) and the open RYGB (OR=3.51) having the highest 
rates. [2].

It is very important to underline, at this point, that patients undergoing revisional 
surgery are generally viewed to represent a separate category with an increased risk 
for complications, especially leaks. Most reports list the rates of morbidity around 
30%, with a major morbidity rate around 10%, a leak rate around 3.6%, and the rate 
of further operations around 8%.  As more and more people have WLS, PCPs may 
see the need for more revisions.  The long-term success of these revisions has yet to 
be determined and there are some surgical reasons that a revision may be needed.  
These are also discussed later [3–5].

Early Postoperative Complications

Death

Mortality is an uncommon complication after WLS, but must obviously be spoken 
of, and patients need to know the true risk. For the past 10 years, the Department of 
Health, insurance companies, and accreditation bodies have kept data on mortality 
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after WLS. The mortality rate after the most common surgeries ranges from 0.09 to 
1.2 %. In 2010, the Bariatric Outcomes Longitudinal Database (BOLD) reported the 
outcome of almost 58,000 patients and found the 30-day mortality to be 0.09 % [6]. 
AGB patients have the lowest mortality, followed by the SG, the RYGB and then 
the BPD-DS, which has the highest mortality, reported a 1.2%. [7]. Elderly patients 
(> 65 years) may have mortality greater than 4 % depending on their preoperative 
health status and the procedure selected [8]. No operation should be taken lightly 
and patients need to be appropriately counseled. That said, several excellent studies, 
including one published in the New England Journal of Medicine [9], has clearly 
demonstrated that patients who undergo WLS live much longer than patients who 
remain obese despite maximal medical therapy. (See Fig. 11.1)

Patients who are 100 pounds overweight and who have had a bariatric operation 
achieve superior weight loss, are healthier and live longer. It is reasonable for pa-
tients with a Body Mass Index (BMI) greater than 40 kg/m2, or those with a BMI > 
35 kg/m2 with a weight related co-morbidity, or those with a BMI ranging from 30-
34.9 kg/m2 and either Type II Diabetes Mellitus or Dysmetabolic Syndrome X to be 
offered WLS, as the risk of not having an operation for exceeds the risk of undergo-
ing an operation. The most common causes of death after bariatric surgery are from 
a pulmonary embolism (PE), sepsis most often due to an anastomotic leak, cardiac 
events such as a myocardial infarction, and respiratory failure.

Fig. 11.1   Cumulative mortality for those patients undergoing weight loss surgery is significantly 
lower than a control group—patients received the customary nonsurgical treatment, ranging from 
lifestyle intervention and behavior medication to no treatment
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Pulmonary Embolism

Obesity is a risk factor for deep venous thrombosis (DVT) and PE. The incidence 
of symptomatic PEs ranges from 0 to 5.4 % [10]. Fifty percent of deaths in the 
perioperative period are caused by PE, making it the most common cause of death. 
The overall rate of in-hospital venous thrombotic event (VTE) was 0.17% with the 
highest rate observed in an open RYGB at 0.45%. [11]. While there is no standard 
for VTE prophylaxis perioperatively, many surgeons will use both chemoprophy-
laxis and mechanical prophylaxis via sequential compression devices (SCDs).  Bar-
iatric surgery candidates who are nonambulatory, have a history of venous stasis 
disorders, use hormonal therapy, have obesity hypoventilation syndrome, or have 
pulmonary hypertension are considered an even higher risk. Chemoprophylaxis is 
often given to these higher-risk patients for a longer duration like 3-6 weeks post 
operatively. Enoxaparin for a longer duration is often given to these higher-risk pa-
tients. In 2013, the American Society for Metabolic and Bariatric Surgery (ASMBS) 
published an updated position statement recommending perioperative VTE prophy-
laxis, but did not recommend a standardized dosing protocol [10]. There is support 
to use a combination of chemoprophylaxis and mechanical prophylaxis (SCDs), 
and though enoxaparin or heparin may be used, the highest-quality data suggest the 
use of enoxaparin.

Use of filters is controversial as the potential complications of inferior vena cava 
(IVC) filters are not insignificant and insertion and removal in super-obese patients 
may prove to be technically challenging for an interventionalist. A prospective 
clinical registry involving 20 Michigan hospitals accrued 6376 patients undergoing 
gastric bypass surgery between 2006 and 2008 [12]. IVC filter placement and com-
plications within 30 days of surgery were analyzed in 542 gastric bypass patients 
(8.5 %) who underwent preoperative IVC filter placement. In patients with IVC fil-
ters, they noticed an increased rates of postoperative VTE (1.7 vs. 0.5 % p = 0.001), 
death (1.0 vs. 0.2 % p = 0.01), and any complications (16.3 vs. 9.5 % p < 0.001). 
These complications included IVC thrombosis, filter migration, and embolization. 
Furthermore, the authors were unable to identify any patient subgroup for whom 
IVC filters were associated with improved outcomes.

Anastomotic Leaks

Leaks are the most dreaded complication and one of the most common causes of 
postoperative mortality.

During the operation, surgeons will inspect all staple lines, and may also inject 
methytlene blue saline, perform air insufflation, or perform endoscopy to assess for 
a leak. After an RYGB, a leak may occur at the gastojejunostomy (GJ) (Fig. 11.2), 
jejunojejunostomy (JJ), or the staple line of the remnant stomach. A contrast swal-
low study might identify a leak at the GJ but miss other locations, and is unreli-
able for excluding a leak. Performing a computed tomography (CT) scan with oral 
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contrast might identify free air, a fluid collection or extravasation of contrast. Early 
diagnosis is imperative. Tachycardia and respiratory compromise are early signs 
of a leak, signs that are present before hypotension, decreased urinary output, and 
abdominal pain. Another reported sign is a patient who has a “feeling of doom” 
[13]. Patients presenting postoperatively with shortness of breath are statistically 
more likely to have a leak than PE, and the surgeon should be promptly notified as 
a leak usually requires prompt return to the operating room for exploration. In the 
immediate postoperative period, an unexplained heart rate of greater than 120 beats/
min is a leak until proven otherwise, which might require reoperation, drains, and a 
gastric feeding tube. Delay in treatment is a common cause of death. Re-exploration 
would be warranted if an MI, PE, bleeding, atelectasis, hypovolemia, and pain (all 
potential causes of a postoperative tachycardia) are ruled out or treated and the pa-

Fig. 11.2   Sites of potential leaks at the GJ, remnant stomach, and JJ; depicted by blue arrows. 
GJ gastojejunostomy, JJ jejunojejunostomy
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tient remains tachycardic. A CT scan or swallow study may not be reliable to detect 
a small leak, leaving re-exploration as the only option for detection.

Leaks and perforations can also occur with an AGB, an SG, and a BPD-DS. With 
an SG and BPD-DS, a leak along the resected stomach can be very problematic as 
the narrow sleeve is a high-pressure zone. Once a leak is present, it tends to persist. 
This may be the reason, along with the long staple line, that the leak rate after an 
SG is the highest, up to 10 % [14], double the rate of leak after RYGB [6, 15]. While 
drainage alone may work to close the leak, sometimes an endoscopically placed 
stent or clip is required. If a leak after SG is associated with a distal obstruction, 
conversion to gastric bypass may be required to turn a high-pressure leak into a 
lower-pressure leak, thus giving the patient a better chance of healing.

Leaks can occur several weeks after the operation and providers must have a 
high index of suspicion for them so that they can attempt to diagnose them early. 
It is generally safer to reoperate to rule out a leak rather than allow it to become 
clinically obvious. By that time, the patient may already be suffering pulmonary, 
cardiac, and septic complications. Unfortunately, the diagnosis and management of 
intra-abdominal infections are more challenging in a morbidly obese patient, so a 
high index of suspicion is always warranted.

Cardiac Complications

Cardiac ischemic events are the second most common cause of perioperative death 
in bariatric surgery patients [16] accounting for 12.5–17.6 % of cases [17]. That 
said, cardiac events occur in < 1 % of patients undergoing bariatric surgery [15]. 
Cardiovascular complications in the postoperative period decrease over time [18]. 
As many obese patients often have several comorbidities related to cardiac disease, 
a preoperative risk assessment should be considered in every patient.

Other Respiratory Complications

Bariatric surgery patients also have a spectrum of respiratory obstructive and re-
strictive pulmonary physiologies. Atelectasis is a common occurrence after WLS 
occurring in 8.4 % of patients [19]. In patients with obstructive sleep apnea (OSA), 
noninvasive ventilation was found to improve the lung function if started within 
30 min after extubation in the recovery room [20]. Many patients seeking WLS will 
have OSA [21]. Patients who are untreated and chronically tired will gain weight. 
Furthermore, sedation and narcotics after surgery place the patient at high risk for 
respiratory compromise and death postoperatively. An OSA diagnosis should be ac-
tively sought prior to surgery and treated with continuous positive airway pressure 
(CPAP) if only to get patients comfortable using a mask they will require after the 
operation. WLS patients with OSA should continue to use their CPAP postopera-
tively, even on the first postoperative night.
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Using the National Surgical Quality Improvement Program (NSQIP) database, 
the data for 32,889 patients between 2006 and 2008, were analyzed by Gupta et al. 
[22]. Postoperative pneumonia and postoperative respiratory failure accounted for 
mortality in 18.7 % of cases. Length of stay in hospital and 30-day mortality are 
increased in those patients who develop postoperative pneumonia or respiratory 
failure. Preoperative risk factors for postoperative pneumonia were congestive heart 
failure (OR 5.3) and stroke (OR 4.1), as well as bleeding disorder, age > 50, chronic 
obstructive pulmonary disease, type of surgery, diabetes mellitus, anesthesia time, 
increasing weight, and smoking. Previous percutaneous coronary intervention (OR 
2.8) and dyspnea at rest (OR 2.64) were the factors most strongly associated with 
postoperative respiratory failure. As such, all WLS candidates with these risk fac-
tors should have pulmonary function tests to evaluate their risk of postoperative 
pulmonary complications.

Chronic pulmonary complications may include recurrent aspiration pneumonia 
secondary to chronic reflux or vomiting. This could be seen with patients with sto-
mal obstruction or stenosis [23], especially in patients with AGBs where a recent 
study reports a chronic respiratory complication rate of 1.4 % [24].

Stenosis or Outlet Obstruction

Stenosis or an anastomotic stricture usually presents as vomiting, or the inability 
to tolerate oral intake. The stenosis may be severe enough that the patient cannot 
swallow his or her own secretions and saliva. This complication typically occurs in 
the first few months after the operation, with a median presentation at 46 days [25]. 
Strictures occurred significantly more frequently when a 21-mm versus a 25-mm 
circular stapler was used for the GJ anastomosis for an RYGB [25, 26]. The size 
of the stapler is one technical factor in the development of a stricture, as is tension 
on the anastomosis, or ischemia. Another factor is the patient and his or her abil-
ity to heal. The primary treatment for stricture is endoscopic balloon dilation, and 
sometimes more than one dilation may be required [25]. However, caution needs 
to be used with dilation as perforation or bleeding are two potential complications. 
Balloon dilation of the anastomosis should only be performed in experienced hands, 
with the bariatric surgeon who is knowledgeable and experienced in endoscopy—
the best provider to treat a stricture. Repeat dilation may result in swelling of the 
anastomosis and make future dilations more difficult, and repeat dilations make 
operative intervention more likely [13]. It is recommended that within the first 3 
weeks postoperatively dilation should not be performed, and instead the patient 
should be kept on a liquid diet, or even total parenteral nutrition if they cannot toler-
ate enough per os (PO) nutrition. However, if dilation is going to be performed in 
those few weeks a smaller balloon and lower pressure should be used [25].

Patients who have undergone an SG may also present with vomiting, dysphagia, 
and an inability to tolerate PO, due to narrowing and gastric outlet obstruction. This 
complication has been reported to occur in 0.7 % of patients [27]. The ideal bougie 
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size for construction of the sleeve has yet to be determined, currently ranging from 
32 to 40 fr, and many surgeons currently use a 36-fr bougie [13]. Too small of a 
size may lead to narrowing and obstruction, but too large of a size may result in 
less weight loss. Treatment for these patients is also endoscopic dilation, unless the 
segment of narrowing is too long, in which case they may need repeat surgery and 
conversion to an RYGB.

Patients who have had an AGB may present with acute obstruction in the early 
period. This is usually due to bleeding underneath the band, or failure to remove 
the esophageal fat pad. In general, this can be managed by waiting for the edema 
to resolve after a few days or by surgical intervention to remove the hematoma or 
fat pad [28].

Late Postoperative Complications

Failure to Achieve Weight Loss or Weight Regain

Most patients lose weight after weight loss operations. In general, AGB patients can 
lose 30–70 % excess weight loss (EWL) or 30–70 pounds of every hundred pounds 
above the ideal body weight (IBW). O’Brien et al. [29] showed a 47 % EWL even 
out to 15 years after AGB (Fig. 11.3). After SG, patients typically lose more than 
60 % EWL [30], after RYGB 60–70 % EWL [7, 31], and even more after BPD-DS. 
While there are metabolic, social, and behavioral reasons for failure to lose weight 
or to have weight regain, technical complications need to be considered.

After AGB, if the patient is eating high-calorie liquid foods such as ice cream 
and alcohol, they will not have appropriate postoperative weight loss, and may even 
continue to gain weight. These foods pass the band easily and can counter any 
weight loss efforts made by the patient. Alternatively, the band may not be achiev-
ing adequate restriction because it is not properly adjusted or because there is a leak 
in the tubing. If the band is not adequately restrictive then satiety is not achieved 
and larger portions of food are consumed. Using a Huber needle, the port can be 
accessed and the physician can determine the volume of fluid within the system and 
instill additional fluid into the band. If less fluid is withdrawn than expected, a leak 
may be present and the port or the band may need to be replaced. A leak may be due 
to fractured tubing, or at other times a slow leak can occur from a previous needle 
puncture. Overall, the band has a reoperation rate of up to 40 % for complications 
such as leaks, band slips, band erosions, or failure to lose or sustain weight loss [29].

Even after a SG, a RYGB or a BPD-DS, patients may regain weight.  Types of 
food eaten, amount of alcohol consumed, increasing portions or frequency of meals, 
decreasing exercise, and stress as it relates to eating and exercise should all be as-
sessed by the PCP. It is important to encourage patients to have lifelong follow-up, 
and it is helpful for the patient to be monitored by registered dietitians, psycholo-
gists, bariatricians, and the operating surgeon. Having this lifelong follow-up can 
help prevent weight recidivism and also assist with identification of postoperative 
complications. The lowest weight on average is obtained 18 months after RYGB 
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with weight regain becoming significant within 4 years after surgery [31]. A con-
trast study may be helpful to exclude a fistula from the pouch to the remnant stom-
ach after RYGB or vertical banded gastroplasty, as a technical reason why patients 
may be able to eat much larger quantities of food than immediately after surgery. 
Of course, the stomach can also be stretched over time, but efforts to downsize the 
pouch have had poor results at achieving weight loss after postoperative weight 
gain. It remains to be seen if the SG results in sustained weight loss for more than 
10 years. The overwhelming reason for weight regain after any operation is a failure 
to consistently live a healthy lifestyle that is conducive to sustained weight loss.

Too Much Weight Loss

This, too, can happen albeit infrequently. While anorexia and bulimic behaviors 
may be the cause, technical complications can also cause EWL. It can be very help-
ful to have a dietitian review the patient’s food logs to help ensure they are getting 
adequate calorie intake. An AGB that is too tight and too restrictive may be easily 
corrected by withdrawing fluid from the band. Similarly, stenosis or obstruction that 

Fig. 11.3   Average weight loss over 15 years in surgery subgroups and controls not obtaining (no 
prof) or obtaining (prof) professional help
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can occur after SG, RYGB, and BPD-DS can also cause excessive weight loss. An 
upper gastrointestinal (GI) series and a small bowel follow through or CT scan can 
also inform the surgeon if there is a stenosis or obstruction. Typically, weight loss 
will stop after a couple years as patients become accustomed to the restriction and 
instead begin to eat more often. The malabsorption component may also be over-
come with time, though it is uncertain how much remains long term.

Persistent Vomiting

Vomiting can occur from eating too fast or too large of a portion, and all patients 
should be instructed to measure their portions, eat small bites, chew well, and eat 
slowly. If vomiting persists, something is wrong, and if left unaddressed can cause 
significant nutritional deficiencies. After an AGB, the band may be too tight and 
simply need to be adjusted. If this does not resolve the patient’s nausea and vomit-
ing, then the physician needs to consider that there is a prolapse, whereby the stom-
ach below the band slides above the band, often obstructing the stoma and some-
times becoming a surgical emergency if the gastric blood supply is compromised. 
This can be diagnosed with an upper GI series or a CT scan and if it occurs, requires 
an operation to remove or replace the band.

After an SG, vomiting might occur if the sleeve has strictured, twisted, or was 
too narrow to begin with. This can be easily assessed by an upper GI series study 
by noting slow movement of contrast, or failure of contrast to progress. This can be 
treated with stenting or balloon dilation (Fig. 11.4) but may also require a revision 
to an RYGB.

After an RYGB or a BPD-DS, vomiting may occur if there is a stenosis of the GJ 
anastomosis. Often endoscopic dilation(s) can manage this complication, as men-
tioned earlier. The patient may first present with difficulty swallowing solid foods 
and then not be able to tolerate liquids as the anastomosis further narrows. Persistent 
vomiting again may rapidly cause a thiamine deficiency and requires supplementa-
tion. Thiamine levels should be checked and a thorough neurologic exam should be 
done if the patient endorses continued emesis. Other causes of vomiting may be a 
small bowel obstruction, from either adhesions or a hernia.

Abdominal Pain

Abdominal pain in a bariatric patient needs to be taken seriously, as they have not 
only the usual adult causes of abdominal pain but the cause of their abdominal pain 
may be due to a specific complication of their surgery as well. Abdominal pain may 
be difficult at times to diagnose in a bariatric patient given their rerouted anatomy, 
as well as the fact that these patients often have vague symptoms and an unreli-
able physical examination given their habitus. Unfortunately, sometimes bariatric 
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patients continue to have abdominal pain of unknown origin, even after extensive 
workup for defined causes.

Hernias

Hernias can occur at sites of previous incisions. Small port-site hernias may be dif-
ficult to diagnose without a CT scan and can cause significant pain for a patient. 
Hernias are more common with larger incisions such as laparotomy (open opera-
tion) or single incision laparoscopic surgery (SILS) whose smaller incisions can be 
up to 3–4 cm. A midline laparotomy in an obese patient has a 20–41 % chance of 
hernia development [32]. Port-site hernias should be repaired promptly given that 
the small size makes incarceration or strangulation more likely, whereas large in-
cisional hernias may be best to delay repair until weight loss is achieved. This will 
lower the rate of a recurrent hernia. Mesh should be used during a definitive repair 
as it is more durable than sutures alone.

Another type of a hernia that often presents as abdominal pain is an internal 
hernia. When a retrocolic Roux limb is created, the Roux limb travels behind the 
colon up to the stomach pouch; and consequently, three potential spaces are created. 

Fig. 11.4   Stenosis of the GJ, before and after treatment with balloon dilation. GJ gastojejunostomy
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They are the opening of the transverse mesocolon that allows passage of the Roux 
limb, the space beneath the Roux limb but above the transverse mesocolon, also 
known as the Peterson’s Defect, and the mesenteric defect of the J-J anastomosis. 
These defects must be closed with sutures, otherwise the openings in the mesentery 
allow the small bowel to herniate through the defect and cause a small bowel ob-
struction and pain. Additionally, after significant weight loss, the sutures that were 
used to close the potential hernia defects may loosen causing an internal hernia.

Patients may present with intermittent severe mid-abdominal pain. A CT scan 
should be obtained and may identify a “swirl sign.” However, the hernia may not 
be visualized with a CT scan, especially if the hernia is self-reduced at the time of 
imaging. If after an extensive workup there is no other cause of abdominal pain, a 
surgeon may elect to explore in the operating room, as this is the definite way to 
determine if there is a hernia. As with any hernia, if the small bowel blood supply 
is compromised, the bowel can become ischemic and require emergent resection. 
Thus, an internal hernia can become a surgical emergency.

Marginal Ulcers

Another cause of abdominal pain may be an ulcer. Marginal ulcers usually are distal 
to the GJ anastomosis and result from gastric acid irritating the mucosa of the jeju-
num. Some surgeons will test all patients for Helicobacter pylori prior to surgery, 
and treat if positive. Schirmer et al. [33] found that 30.1 % of patients tested had H. 
pylori. They were treated and subsequently had a lower incidence of marginal ul-
cers, 2.4 versus 6.8 %. Ulcers can present with not only pain but also nausea, bleed-
ing, or even perforation. Smoking, NSAIDs, and foreign bodies, such as sutures or 
staples, have both been linked to development of marginal ulcers. Patients can also 
have ulcers appear in their remnant stomach and duodenum. They may also present 
with pain, bleeding, or even perforation. At most institutions, patients are put on an 
H2-receptor blocker or proton-pump inhibitor postoperatively for a few weeks to 
months after an RYGB.

Obstruction

Obstruction has been said to occur on average from 0.3 to 7 months postoperatively, 
but Capella et al. [34] saw the majority of obstructions occurring between 6 and 
24 months, and they may continue to occur years after surgery. Early obstructions 
occur within 6 weeks after the operation and are likely due to technical issues re-
sulting in the internal hernias described above (Fig. 11.5). Adhesions are another 
potential cause of a small bowel obstruction. The incidence of obstruction after 
laparoscopic RYGB ranges anywhere from 0.2 to 9.7 % [13, 34]. Almost 20 % of 
patients who presented with obstruction had a second obstruction [34]. Patients who 
appear to have an obstruction caused by an adhesion may be given a trial of naso-
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gastric decompression, but the nasogastric tube placement needs to be performed by 
an experienced provider and there should be consideration of placing it under fluo-
roscopic guidance due to the risk of perforation of the small gastric pouch which 
could be catastrophic [13]. Intussusception, though a rare cause of small bowel 
obstruction, may also present as with pain, nausea, and vomiting. Intussusception 
accounts for approximately 1 % of cases of small bowel obstruction [35]. This com-
plication may develop several years after a RYGB and those patients who have lost 
more than 90 % EBW are at the highest risk [13, 35]. Intussusception that involves 
the JJ anastomosis should have the JJ anastomosis revised surgically. Although rare, 
intussusception needs to be considered given that it can lead to bowel ischemia and 
necrosis, and CT scan only has an accuracy of approximately 80 % in identifying 
this complication [36] and a normal scan does not rule out this diagnosis, as it also 
does not rule out an internal hernia.

Fig. 11.5   Three green arrows depict the locations of potential internal hernias in a post-RYGB 
patient, often presenting as abdominal pain. RYGB Roux-en-Y gastric bypass
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Cholelithiasis

Weight loss increases a patient’s risk of developing gallstones, and cholecystitis 
or cholelithiasis may be a cause of the patient’s abdominal pain. The risk of symp-
tomatic cholelithiasis after RYGB or SG is approximately 6 % [37]. After gastric 
bypass, endoscopic retrograde cholangiopancreatography (ERCP) may not be pos-
sible given that the bowel is rerouted, so many surgeons have opted to perform a 
cholecystectomy at the time of the RYGB or BPD-DS. If the gallbladder is not 
removed, postoperative ursodiol given for 6 months after surgery can reduce the 
incidence to approximately 2 % [32]. If the gallbladder has been removed, then 
other causes of right upper quadrant (RUQ) pain, like sphincter of Oddi dysfunction 
should be considered.

Malnutrition

Many patients who are obese are malnourished preoperatively (Table 11.1). Young 
women may need iron, and older women may need calcium supplements. B12 is 
another common deficiency in this population. Therefore, a nutritionist will usually 
assess all patients prior to a WLS. Patients are also educated about vitamin and 
mineral deficiencies that may occur after WLS such as B12, iron, calcium/vitamin 
D, folate, thiamine, vitamin A/E/K, copper, and zinc. Rate of weight loss and pro-
tein intake are also followed postoperatively as protein deficiency may be another 
complication of WLS if a patient is not compliant in ensuring proper intake. Sixty 
grams a day is recommended.

Many of the nutritional deficiencies can present as neurological problems, and 
those with thiamine deficiency can actually develop neurologic defects that are ir-
reversible. Other neurologic presentations that need to be evaluated for nutritional 
deficiency include Wernicke–Korsakoff, paresthesias, peripheral neuropathies, 
ataxia, memory loss, and vision impairment. Wernicke encephalopathy and poly-
neuropathy caused by a thiamine deficiency most commonly present 2–3 months 
after surgery and most patients present with persistent vomiting [38]. If a WLS 
patient becomes an alcoholic postoperatively, then there needs to be an increased 
concern that they will develop a thiamine deficiency. Again, thiamine deficiencies 
should be suspected in patients with persistent vomiting and should be aggressively 
replenished, as a continued deficit can lead to permanent neurologic damage.

Other nutritional deficits may present as hypoglycemia or secondary hyperpara-
thyroidism as well. If a patient presents with fractures, calcium levels should be 
checked. Hypocalcemia is a concern given that calcium is absorbed in the duode-
num and proximal jejunum, making post-RYGB and BPD-DS patients at an in-
creased risk.

A copper deficiency can also present with neurological complaints, often simi-
larly to a B12 deficiency. Absorption of copper occurs in the stomach and proximal 
duodenum, so WLS patients are at an increased risk. Zinc supplementation can also 
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prevent the absorption of copper as zinc competes with copper on the binding site of 
the same protein [39]. Iron deficiency is also common as it is absorbed in the duo-
denum and proximal jejunum, as well as the need for HCl to convert to Fe2+. This 
deficiency occurs in 14–52 % of patients [40], and should especially be suspected in 
females of reproductive age.

Usually, vitamin deficiencies can usually be avoided with supplements but can 
occur even with supplementation. However, patients after RYGB and even more 
so after BPD-DS can get into trouble if they are not monitored closely and are not 
compliant with their supplements. Listed in Table 11.1 are the vitamin deficiencies, 
presentation, and recommended supplementation. Along with prescribing supple-
mentations, patient’s home medications should be adjusted, as RYGB and BPD-DS 
patients may not properly absorb sustained release, extended release, or enteric-
coated medications.

For patients that present with malnutrition, simple oral replenishment is enough. 
If that fails or if the patient has difficulty maintaining a good nutritional status, then 
intravenous supplementation or even total parenteral nutrition can be given.

Table 11.1   Nutritional deficits, presentation, and recommended supplementation
Vitamin B12/folate Weakness and fatigue (ane-

mia), paresthesias, peripheral 
neuropathy-B12 not folate

B12- 350 µg/day
Folate-400 µg/day

Iron Weakness and fatigue (ane-
mia), impaired thermoregula-
tion, immune dysfunction, 
gastrointestinal disturbances, 
cognitive impairment, pica

650 mg/day—oral ferrous 
sulfate
Vitamin C promotes 
absorption

Vitamin B1/thiamine Wernicke–Korsakoff–ataxia, 
ophthalmoplegia, nystagmus, 
confusion

50–100 mg up to 3x/day

Calcium/vitamin D Myalgias, arthralgias, weak-
ness, fatigue

Calcium: 1.2–1.5 g/day
Ergocalciferol:400 IU/day

Other fat-soluble vitamins: 
A,E, K

Vitamin A: night blindness Without corneal 
changes:10,000–25,000 IU/
day PO
With corneal changes: 
50,000–100,000 IU/day for 3 
days IM

Zinc Alopecia MVI w/ zinc
Copper Anemia, ataxia, optic 

neuropathy
1st week: 6 mg/day
2nd week: 4 mg/day followed 
by 2 mg/day

Protein Excessive weight loss, diar-
rhea, marasmus

Total parenteral nutrition

IU International unit, MVI w/zinc multivitamin with zinc
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Dumping Syndrome

After gastric bypass, the bowel is rerouted such that a patient may experience 
cramps and diarrhea after eating simple sugars. Clinically significant dumping syn-
drome occurs in approximately 10 % of patients [41]. Dumping syndrome can occur 
after RYGB and BPD-DS, but not after AGB and rarely after SG. There are two ver-
sions of dumping syndrome: early and late. Early dumping occurs 15–30 min after 
a meal. These patients endorse diarrhea, bloating, dizziness, nausea, flushing, and 
a rapid heart rate. The cause is thought to be how quickly hyperosmotic foods are 
introduced into the jejunum, due to the bypass of the rest of the stomach and ileum. 
The jejunum gets distended and has increased contractility along with increased 
intestinal fluids. Patients are at risk of becoming hypovolemic. Treatment is dietary 
change, to avoid sweet, acidic, or nutrient-rich drinks such as Gatorade. Patients 
should instead eat complex carbohydrates, high-fiber, and protein-rich foods, no 
different than what every bariatric patient should eat. Usually, early dumping is 
self-limited and will resolve in 7–12 weeks as the body adjusts to its postoperative 
state [41].

Late dumping occurs 2–3 h after a meal and is due to glucose absorption causing 
hyperglycemia, the release of glucagon-like peptide-1 (GLP-1) and gastric inhibito-
ry polypeptide (GIP). This subsequently leads to an increased insulin response, hy-
poglycemia, and hypokalemia [41]. These patients present with diaphoresis, weak-
ness, dizziness, and fatigue; they should make the same dietary modifications. Con-
sultation with an endocrinologist may help to make the diagnosis and α-glucosidase 
inhibitors or somatostatin analogues may help to control the symptoms.

Hypoglycemia

Rarely after gastric bypass, a patient’s sugar levels may drop causing another dump-
ing-related complication that leads to symptoms of hypoglycemia, weakness, and 
even syncope. This can occur several years after surgery. This form of hypoglyce-
mia is a hyperinsulinemic hypoglycemia which occurs due to pancreatic beta cell 
hypertrophy. This complication is also referred to as nesidioblastosis and if suspect-
ed an endocrinologist should be involved in the patient’s care. Patients are advised 
to avoid sweets and eat more frequent small meals. Diet should be the first modi-
fication and works in approximately 50 % of cases, but if patients continue to have 
symptoms then medical management can be tried, such as α-glucosidase inhibitors, 
such as acarbose and miglitol, that inhibit glucose absorption in the intestines. If all 
medications fail and a patient continues to have episodes of syncope, then a subtotal 
pancreatectomy to remove the hypertrophied beta cells may be considered. Increas-
ing the restriction of the gastric pouch by revision or placement of a band in order 
to limit glucose intake has also been described for severe cases [13].
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Psychiatric Complications

Alcoholism

Recent data show that gastric bypass patients are at increased risk for alcohol use 
disorders, especially in their second postoperative year [42]. Alcohol is quickly ab-
sorbed in the Roux limb, and after even a single glass of wine, the patient’s blood 
alcohol level may exceed the legal limit. One in eight patients report consuming a 
least three drinks per typical drinking day, and one in six report “consumption at a 
hazardous level.” [42] For all weight loss operations, alcohol can be a high source 
of calories and impede weight loss efforts or lead to weight regain. A high index of 
suspicion should be present to detect those patients and refer them for treatment of 
their alcohol use disorders.

Depression, Abuse, and Suicide

The psychological effects of WLS are as important as the physical and metabolic 
results. Obese patients have a high risk of psychiatric disorders, rates of 21–56 % 
axis I disorder, 22–32 % mood disorder, 20–29 % avoidant personality, and 15–24 % 
anxiety disorder [43]. Both axis I and axis II disorders have shown a significant re-
duction after WLS, but the patients with higher levels of shame preoperatively were 
at a significant increased risk of having a psychiatric disorder postoperatively [43].

While most patients are thrilled to lose weight, especially as their comorbid 
weight-related conditions go into remission, some patients can become more de-
pressed. While the etiology of depression 6 months after gastric bypass is likely 
multifactorial, health-care providers should be mindful that while patients are get-
ting thinner and healthier, depression may arise and need to be addressed. Bariatric 
patients are at increased risk for suicide postoperatively and should be screened 
during their follow-up visits. Sixty eight percent of suicides occur by 3 years post-
operatively with possible etiologies being attributed to weight regain, especially at 
the time where close follow-up decreases [44]. Another etiology is undiagnosed or 
untreated preoperative psychological disorders.

Preoperatively, sexual abuse should also be screened for, as this abuse may be 
associated with poorer weight loss outcomes [45]. Alcohol addiction, psychiatric 
comorbidities, and low-income status are all associated with sexual abuse. Those 
patients with a history of sexual abuse are at a 40–60 % increased risk of having 
a BMI > 35, and of those patients seeking bariatric care, a higher percentage have 
a reported history of abuse than the general population [45]. This is important to 
determine preoperatively, as identifying these patients may improve their chance of 
success by enabling counseling and other treatments to be given either prior to or 
after their WLS.
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Posttraumatic stress disorder (PTSD) does not seem to affect weight loss after 
surgery, as veterans with PTSD were shown to have comparable weight loss to a 
control group without PTSD [46]. However, an advantage to screening for PTSD 
is that there is a significant association between PTSD and depression, as well as 
PTSD and other axis I disorders.

Excess Skin

If the patient is successful at weight loss, there may be excess skin in the arms, 
back, thighs, and abdomen. Sometimes skin breakdown and ulcers occur in the skin 
folds. While spandex, smaller bras and bigger cups, and form-fitting clothes can 
be helpful, many patients will desire body contouring operations. Unfortunately, 
many insurance companies do not cover these operations, and patients should be 
counseled prior to WLS that if they desire body contouring they will likely be pay-
ing out of pocket. Removal of this excess may assist with the patient’s emotional 
well-being after WLS.

Indications for Reoperation

As stated before, many WLS patients may require a revision. Revision WLS has a 
higher complication rate and can be very difficult to perform. The most common 
indication for this is weight regain. While poor lifestyle choice is the most common 
reason for weight regain, there are some surgical reasons why a surgery may have 
failed to sustain significant weight loss. Still PCPs and patients should note that no 
matter what surgery is done or revised, without a proper diet, exercise plan and life-
style, it is likely to fail. Revisions for failed weight loss should only be considered 
in patients who have be reevaluated by the entire weight loss team to help identify 
the barriers that led to weight regain and the inability to lose significant weight the 
first time.

One surgical reason that may lead to weight regain is the development of a fis-
tula between the gastric pouch and the gastric remnant after an RYGB. Not only 
does this allow more food intake but the duodenum is no longer bypassed which 
may lead to a reversal of the hormonal changes that assisted in weight loss. Finally, 
the absorption of a patient with a gastro-gastric fistula (GGF) may be normal since 
food will go through the distal stomach, duodenum, and proximal jejunum. GGFs 
are also associated with marginal ulcers because the fistula allows the acid of the 
distal stomach to reflux and irritate the GJ anastomosis [47]. The marginal ulcer is 
not likely to heal completely without correction of the fistula.

Extreme malnutrition is another reason to consider a revision. If RYGB and 
BPD-DS patients fail intravenous replenishment then another option would be to 
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reverse or shorten the length of the bypassing limb. This would provide more sur-
face area in order to absorb the required nutrients.

Conclusion

Despite many potential complications, bariatric surgery remains a good option for 
weight loss and has been reported to be the most reliable way to achieve sustained 
weight loss [48]. Bariatric surgery also continues to show major impact in resolv-
ing comorbidities, especially type 2 diabetes [49]. WLS has been shown to correct 
hypertension and hyperlipidemia, along with reducing the chance of myocardial in-
farction, stroke, and cardiovascular-related deaths [18]. These health benefits have 
been shown to be independent of the amount of weight loss a patient achieves. It 
is important for any PCP to know the short- and long-term complications of WLS 
in order to properly diagnose and manage any and all complications a patient may 
encounter. All bariatric patients need to have lifelong care to include continued 
nutritional management and assistance in maintaining lifelong weight loss and a 
healthier lifestyle. Many of the complications can be prevented or discovered in a 
more timely fashion with proper follow-up.
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