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KEY POINTS

� Obesity is caused by dysregulated energy homeostasis pathways that encourage the
accumulation of adiposity, which in turn results in the development or exacerbation of
weight-related comorbidities.

� Obesity is a chronic disease that requires lifelong management.

� Weight reduction provides additional benefits for multiple comorbidities.

� Optimizing nutrition and physical activity is crucial to weight loss success.

� Pharmacotherapy or bariatric interventions can help patients achieve clinically significant
weight loss when added to lifestyle modification.
INTRODUCTION

In 1998, the National Institutes of Health (NIH) recognized obesity as a disease,
acknowledging its profound effects on individual health outcomes and socioeconomic
costs.1 The prevalence of obesity in the United States was 39.8% in 2015 to 20162 and
is projected to be 48.9% by 2030.3 It is linked to increased mortality and risks of car-
diovascular disease (CVD), stroke, type 2 diabetes (T2D), and cancer.4,5
CAUSES AND PATHOPHYSIOLOGY

Obesity is caused by a state of neurohormonal imbalances in energy homeostasis that
results in the development and defense of excess adiposity.6 The hypothalamus is the
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primary center of energy regulation that communicates with the periphery to assess
short-term and long-term energy status. It contains 2 populations of neurons that exert
opposing effects on eating behavior (Fig. 1):

1. Orexigenic (increase appetite): agouti-related peptide (AgRP) and neuropeptide Y
(NPY)

2. Anorexigenic (decrease appetite): proopiomelanocortin (POMC) and cocaine and
amphetamine–regulated transcript (CART)

Rodent studies have shown that high-calorie diets cause inflammation in the hypo-
thalamus and a reduction in POMC neurons.7 In the periphery, adipocytes produce the
anorexigenic hormone leptin to indicate the status of long-term energy reserves (ie, fat
storage). Gastrointestinal (GI) peptides such as glucagonlike peptide-1 (GLP-1) signal
the fed state by activating POMC/CART or suppressing AgRP/NPY. Ghrelin, the only
known peripheral orexigenic hormone, stimulates AgRP.
The onset and severity of obesity caused by these pathophysiologic mechanisms

are determined by genetics and the environment. The heritability of obesity, repre-
sented by body mass index (BMI), ranges from 40% to 70%.6 Evolutions in food mar-
keting and production, portion sizes, and occupation-related decreases in physical
activity have also been identified as factors contributing to obesity.
Obesity is associated with several chronic diseases, with 2 predominant mecha-

nisms to explain these effects: (1) mass effect and (2) adiposopathy.8 In the former,
the severity of diseases such as knee osteoarthritis and obesity hypoventilation syn-
drome are a direct response of the body to the weight of fat mass. In the latter,
Fig. 1. Arcuate nucleus. The arcuate nucleus of the hypothalamus contains orexigenic (yel-
low) and anorexigenic (red) neurons that increase or decrease appetite. By communicating
with the periphery, this nucleus is the primary energy homeostatic center of the brain.
(Courtesy of Biorender, Toronto, Canada; with permission.) AgRP, Agouti-related peptide;
CART, cocaine and amphetamine–regulated transcript; NPY, neuropeptide Y; POMC,
proopiomelanocortin.
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proinflammatory and prothrombotic cytokines, produced in the ischemic microenvi-
ronment of hypertrophic visceral adipocytes, lead to diseases such as T2D and CVD.
Clinical Evaluation

History
The clinical evaluation of a patient presenting for obesity management uses the stan-
dard interview process of the history of present illness (HPI), past medical history
(PMH), past surgical history (PSH), social history, family history, medications, physical
examination, and laboratory data.
The HPI should include a chronologic story of the patient’s weight history that in-

cludes onset, duration, and precipitating and mitigating factors (Table 1). These
open-ended questions allow the clinician to learn about the patient’s behaviors while
also providing an opportunity to explore the patient’s nutrition knowledge, relationship
with food, physical activity level, and life stressors.9 PMH should focus on the identi-
fication of comorbidities associated with obesity, secondary causes of obesity, and
potential contributors to obesity,10 with the recognition that many of these relation-
ships may be bidirectional4 (Box 1).
PSH should include bariatric interventions (discussed later). Social history should

include evaluation of nightshift work, pregnancy plans, smoking cessation, alcohol
consumption, marijuana-induced hyperphagia, and stimulant use. Family history
can assess the relative contribution of genetics versus environment to an individual’s
obesity and overall health status. Medication reconciliation must include both pre-
scribed and over-the-counter medications because drug-induced weight gain is com-
mon and often missed (Table 2).11

Physical examination
Examination of patients with obesity includes standard blood pressure, heart rate,
height, and weight measurements. Blood pressure cuffs of varied sizes and lengths
should be available. Scales and examination room furniture with adequate weight ca-
pacities are also essential. Obesity severity is categorized by BMI class (Table 3),
which may be adjusted for specific ethnic groups.12 Because BMI does not distinguish
between fat and muscle mass and does not account for distribution of adiposity, other
measures of obesity that correlate to morbidity5 have been entering clinical use,
including waist circumference (WC), waist/hip ratio, and body fat percentage. WC is
used to diagnose abdominal obesity, one of the components of the metabolic syn-
drome (see Table 1), and is commonly measured at the level of the anterior superior
iliac spine.1 The physical examination may require modification because standard
techniques of inspection, palpation, and auscultation may be restricted by reduced
mobility and increased subcutaneous adipose tissue. Practical suggestions for per-
forming the examination include low-set examination tables, armless chairs, and
enlisting the help of medical assistants for proper positioning. The clinician should
look for signs of obesity-related complications (Table 4).

Laboratory data
Objective data to assess a patient’s metabolic risk are a necessary component of the
clinical evaluation (Table 5). Complete blood count and a comprehensive metabolic
panel are essential. Patients should be screened for dyslipidemia and T2D.4 Because
thyroid-stimulating hormone (TSH) level is easily obtained and a higher prevalence of
hypothyroidism exists in patients with obesity, TSH can be checked.10 Assessment for
other secondary causes of obesity and obesity-related comorbidities should be per-
formed only if clinical suspicion exists.
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Table 1
Initial evaluation of patients with obesity

HPI General Questions

— How did weight come to be a problem for you?

— How long have you struggled with your weight?

— Did any life events contribute to the weight issue?
Onset after a diagnosis or initiation of a medication?
Weights during or after high school, college, marriage, or pregnancy?
Changes in employment or where you live?
Weight gain around menopause?

— What are the biggest challenges you face in losing weight or maintaining
weight loss?

— What has worked in the past to help you lose weight?
Have you ever used medications for weight loss?
Have you ever had weight loss surgery?

— What is your lifetime weight range (nonpregnant)?

Nutrition

— Do you follow any special diet or have diet limitations for any reason?

— How many meals per week do you eat in restaurants/order takeout?

— What is your largest meal of the day?

— Do you currently or have you ever had an eating disorder?
Do you feel out of control when eating?
Do you eat large volumes in a short period of time (binge)?
Do you ever wake up in the middle of the night and eat?

Physical Activity

— What is your general activity level?
How do you get to work?

— Do you have an exercise routine?

— Do you have any physical issues limiting your ability to be more active, other
than weight?

PMH Secondary Causes or Contributors

— Single-gene mutations: leptin deficiency, MC4R deficiency
Genetic syndromes: Prader-Willi
Medications (see Table 2)

— Cushing syndrome

— Hypothyroidism

— Male hypogonadism

— Estrogen deficiency (menopause or premature ovarian failure)

— PCOS

— Growth hormone deficiency

Physical Comorbidities

— Metabolic syndrome

(continued on next page)
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Table 1
(continued )

HPI General Questions

� Waist circumference
� >102 cm (40”) (non-Asian male), >89 cm (35”) (non-Asian female)
� >89 cm (35”) (Asian male), >79 cm (31”) (Asian female)

� Triglyceride levels �150 mg/dL or on triglyceride level–lowering
medication

� HDL level <40 mg/dL (male), <50 mg/dL (female), or on HDL level–
increasing medication

� Blood pressure �130/85 mm Hg or on antihypertensive agent
� Fasting plasma glucose �100 mg/dL or on glucose level–lowering

medication

— Type 2 diabetes

— Cardiovascular disease
Hypertension
Hyperlipidemia

— Nonalcoholic fatty liver disease

— Obstructive sleep apnea

— Osteoarthritis

— Cancer

Psychological Comorbidities

— Major depressive disorder

— General anxiety disorder

— Bipolar disorder, schizoaffective disorder, schizophrenia

— Binge eating disorder

— Anorexia nervosa, bulimia nervosa

PSH Bariatric interventions
Laparoscopic adjustable gastric band
Laparoscopic sleeve gastrectomy
Roux-en-Y gastric bypass
Endoscopic sleeve gastroplasty
Gastric balloon

Social history Employment, shift work
Sexual activity status, contraceptive use/method, and family planning
Illicit substance use (eg, alcohol, smoking, marijuana, cocaine)

Family history Obesity
Type 2 diabetes, hyperlipidemia, hypertension, cardiovascular disease
Cancer (especially medullary thyroid carcinoma)

Abbreviations: HDL, high-density lipoprotein; MC4R, melanocortin-4-receptor deficiency; PCOS,
polycystic ovarian syndrome.

Data from Refs.4,10,62
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Management

Guidelines recommend the following goals for weight management:4,5

� BMI � 30 kg/m2 without comorbidities Avoid weight gain
ca
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� BMI 25–29.9 kg/m2 with comorbidities
 5%–10% weight loss over 6 mo
� BMI � 30 kg/m2
 5%–10% weight loss over 6 mo
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Box 1

Congestive heart failure and the obesity paradox

Some epidemiologic studies have suggested the existence of a so-called obesity paradox, in
which higher BMIs are correlated to better outcomes in specific diseases, particularly conges-
tive heart failure (CHF). Although experts unanimously agree that obesity increases the risk
of incident CHF, once CHF is diagnosed mortalities seem to be lowest in the overweight and
class I obesity ranges. However, subsequent investigations found that higher weights corre-
lated with greater lean mass and better cardiorespiratory fitness, lending a potential explana-
tion for the observed obesity paradox.

Data from Carbone S, Canada JM, Billingsley HE, Siddiqui MS, Elagizi A, Lavie CJ. Obesity
paradox in cardiovascular disease: where do we stand? Vasc Health Risk Manag. 2019;15:89-
100.
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Depending on results from the diagnostic work-up, the clinician may be required to
address secondary causes such as drug-induced weight gain (see Table 2) or refer to
a specialist for endocrinologic disorders10 and treatable genetic conditions.

Lifestyle modification
The foundation of obesity management is lifestyle modification. Intensive lifestyle in-
terventions (ILIs) are classically structured as 14 sessions over 6 months that provide
patients with education in nutrition, exercise, and behavior change.5 The frequency of
contact directly correlates to the magnitude of weight loss and durability of weight loss
maintenance.

Nutrition
A caloric deficit is required for weight loss. Guidelines have recommended a daily
caloric deficit of about 500 kcal,4,5 which typically amounts to 1200 to 1500 kcal/
d for women and 1500 to 1800 kcal/d for men. Very-low-calorie diets, defined as a
caloric intake of 500 to 800 kcal/d, often use meal replacement shakes or bars and
are effective short-term options that should be performed only under medical super-
vision.5 More recently, a third strategy to achieve a hypocaloric diet has emerged,
called intermittent fasting (IF). IF encompasses a variety of modalities in which individ-
uals restrict their caloric intake based on time (eg, day of the week or time of day)
(Table 6). Alternate-day fasting, in which “fasting” days of 500 to 800 kcal intake
are alternated with usual intake, is comparable with continuous caloric restriction
over 1 year.13 Another option, called time-restricted feeding, reduces caloric intake
by an average of 300 kcal/d when the window of consumption is condensed from
12 hours to 8 hours.14

The macronutrient composition of the ideal weight loss diet has been debated for
decades. Robust data from randomized controlled trials (RCTs) of long duration15,16

support the weight and health benefits of a low-fat diet, defined as less than or equal
to 20% to 30% of total daily calories (Table 7).5 For example, the Look Action for
Health in Diabetes (Look AHEAD) trial showed that 50.3% of individuals randomized
to ILI lost greater than or equal to 5% of baseline weight at 8 years, compared with
35.7% in the control group.16 However, emerging evidence suggests that low-
carbohydrate diets (�150 g/d) may have a metabolic advantage over low-fat diets
because of reduction in insulin secretion17 because insulin is anabolic and stimulates
lipogenesis while suppressing lipolysis. Meta-analyses comparing low-carbohydrate
with low-fat diets differ in their conclusions depending on the protocols of RCTs
included.18,19 Proponents of low-carbohydrate diets argue that their superiority is
best demonstrated by the ketogenic diet, which establishes a nutritional ketosis via
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 uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos

 reservados.



Table 2
Drugs associated with weight gain and suggested alternatives

Category Drug Class Weight Gain Alternatives

Psychiatry Antipsychotics Clozapine
Risperidone
Olanzapine
Quetiapine
Haloperidol
Perphenazine
Quetiapine

Ziprasidone
Lurasidone

Antidepressants/anxiolytics TCAs
Amitriptyline
Doxepin
Imipramine
Nortriptyline
Trimipramine
Mirtazapine

Bupropiona

Fluoxetine
Sertraline

SSRIs
Fluoxetineb

Sertralineb

Paroxetine
Fluvoxamine

MAOi
Phenelzine
Tranylcypromine

Mood stabilizer Lithium Topiramatea

Neurology Anticonvulsants Carbamazepine
Gabapentin
Valproate

Lamotrigineb

Topiramatea

Zonisamide

— Sleep aids Diphenhydramine-containing OTC agents
Mirtazapine
Trazodoneb

Melatonin
Benzodiazepines

(continued on next page)
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Table 2
(continued )

Category Drug Class Weight Gain Alternatives

Endocrinology Diabetes medications Insulin
Sulfonylureas
Thiazolidinedione
Sitagliptinb

Meglitinides

Metformina

Acarbose
Miglitol
Pramlintidea

Exenatidea

Dulaglutidea

Liraglutidea

Semaglutidea

Canagliflozina

Dapagliflozina

Empagliflozina

Ertugliflozina

Obstetrics and gynecology Contraceptives Progestational ste ids
Medroxyprogest rone
Injection
Etonogestrel im ant
Levonorgestrel I D

Barrier methods
Nonhormonal IUD

Cardiology Antihypertensives a-Blockersb

b-Blockersb
Carvedilolb

ACEisb

CCBsb

ARBs
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Allergy and immunology Antihistamines Diphenhydramine
Cetirizineb

Levocetirizineb

Fexofenadineb

Doxepinb

Cyproheptadineb

Loratadine
Decongestants

Immunosuppressants Corticosteroids NSAIDs
Steroid inhalersb

Infectious disease Antiretroviral therapy Protease inhibitors None

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-2 receptor blocker; CCBs, calcium channel blockers; IUD, intrauterine device;
MAOi, monoamine oxidase inhibitor; NSAIDs, nonsteroidal antiinflammatory drugs; OTC, over the counter; SSRI, selective serotonin reuptake inhibitor; TCA, tri-
cyclic antidepressants.

a Medications known to reduce weight.
b Medications with poor-quality or mixed evidence for weight gain.
Adapted from Apovian CM, Aronne LJ, Bessesen DH, et al. Pharmacological Management of Obesity: An Endocrine Society Clinical Practice Guideline. The Jour-

nal of clinical endocrinology and metabolism. 2015;100(2):342-362; with permission.
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Table 3
Classes of body mass index

BMI (kg/m2)

Overweight 25.0–29.9

Obesity, class I 30.0–34.9

Obesity, class II 35.0–39.9

Obesity, class III �40.0

Data from National Heart Lung and Blood Institute. Clinical Guidelines on the Identification, Eval-
uation, and Treatment of Overweight and Obesity in Adults: The Evidence Report. Obesity Educa-
tion Initiative. 1998;98-4083 and Garvey WT, Mechanick JI, Brett EM, et al. AMERICAN
ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS AND AMERICAN COLLEGE OF ENDOCRINOLOGY
COMPREHENSIVE CLINICAL PRACTICE GUIDELINES FOR MEDICAL CARE OF PATIENTS WITH
OBESITY. Endocrine practice: official journal of the American College of Endocrinology and the
American Association of Clinical Endocrinologists. 2016;22 Suppl 3:1-203.

Table 4
Potential physical examination findings in patients with obesity

Domain Possible Findings
Associated
Comorbidity

Head and neck Supracervical or supraclavicular fullness Hypercortisolism
Moon facies Hypercortisolism
Poor visualization of soft palate or uvula OSA

Cardiovascular Tachycardia or irregular heart beat Atrial fibrillation
Valvular murmur CHF

Lung Wheezing Reactive airway disease

Abdomen Hepatomegaly NAFLD
Predominant truncal adiposity Insulin resistance

Gonadal Vaginal atrophy Menopause
Small testicular size Hypogonadism

Neurologic Reduced distal sensation to light touch,
temperature, or vibration

T2D

Musculoskeletal Enlarged joints OA
Reduced range of motion OA
Proximal muscle weakness Hypercortisolism

Skin and hair Erythematous rash within skin folds Cutaneous candidiasis
Skin tags Insulin resistance
Velvety hyperpigmentation in skin folds Acanthosis nigricans
Hirsutism PCOS
Excess acne PCOS
Wide hyperpigmented striae Hypercortisolism
Edema CHF

Abbreviations: CHF, congestive heart failure; NAFLD, nonalcoholic fatty liver disease; OA, osteoar-
thritis; OSA, obstructive sleep apnea.
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Table 5
Laboratory screening evaluation in obesity

Recommended Reason for Screening

CBC Standard of care
Platelet count is used in

calculated risk scores for hepatic fibrosis

CMP Standard of care
Increased liver function tests may be

the first sign of NAFLD

Lipid profile Dyslipidemia, hyperlipidemia,
and hypertriglyceridemia are components
of the metabolic syndrome and have
high correlation with obesity/overweight

Screening recommendations:
USPSTF: age � 20 y with obesity
NCEP ATP III: age � 20 y

Hemoglobin A1c Prediabetes and T2D are components of
the metabolic syndrome and have
high correlation with obesity/overweight

Screening recommendations:
USPSTF: age � 40 y with overweight or obesity
ADA: overweight or obesity and

at least 1 additional risk factor

TSH Low-cost test for potential secondary cause
or contributor to weight gain

Not Recommended Reason for not Screening

Total testosterone High prevalence of false-positive caused
by low sex hormone binding globulin
level in obesity

Free testosterone Low free testosterone level commonly improves
with weight loss and is not evidence
of an independent disease

Estradiol, luteinizing hormone,
follicle-stimulating hormone

Perimenopause and menopause have not been
definitively established as causative factors

Insulin Both fasting and postprandial insulin levels
are highly dependent on
macronutrient composition
of recent dietary intake

Cortisol Diurnal variations, circadian rhythm disruptions,
and environmental stressors cause
physiologic changes to cortisol levels and
do not necessarily represent
meaningful disorder

Leptin Congenital leptin deficiency is an
extremely rare monogenic obesity disorder

Abbreviations: ADA, American Diabetes Association; CBC, complete blood count; CMP, compre-
hensive metabolic panel; NCEP ATP III, National Cholesterol Education Program Adult Treatment
Panel III; TSH, thyroid-stimulating hormone; USPSTF, United States Preventive Services Task Force.

Data from Refs.63–66
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Table 6
Types of intermittent fasting

Pattern of Eating

Alternate-day fast Alternating days of hypocaloric intake
with normal caloric intake

5:2 2 d/wk of hypocaloric intake (500–800 kcal/d),
which can be consecutive or nonconsecutive

Fast mimicking Hypocaloric intake (classically 600 kcal/d)
for 5–14 d at a time,
repeated monthly or as needed

Time-restricting feeding Limiting daily caloric intake to
designated hours of the day;
caloric intake is not specified

Data from Refs.13,14,67,68

Table 7
Characteristics of common diets

Carbohydrate Fat Protein

Macronutrient Restricted

Low carbohydrate �150 g/d Not standardized Not standardized

Atkins <20 g/d for 2 wk;
can 15 g/d weekly for
maintenance

Not standardized High

Ketogenic <20–50 g/d High Not standardized

Low fat Not standardized <20%–30% Not standardized

Ornish Not standardized <10% Not standardized

Diabetes Prevention
Program

Not standardized <30% Not standardized

Zone 40% 30% 30%

Non–macronutrient Restricted

DASH Vegetables, fruits, whole grains,
fat-free or low-fat dairy products,
fish, poultry, beans, nuts, and vegetable oils

Paleo Vegetables, fruits, grass-produced meat,
fish/seafood, eggs, nuts and seeds, nut/seed/fruit oils

Vegan No meat or animal products

Vegetarian No meat. Secondary animal products such as eggs,
dairy, and cheese are allowed

Pescatarian Vegetarian with the allowance for fish

Flexitarian Mostly plant-based foods with occasional
meat and animal products

Abbreviation: DASH, Dietary Approaches to Stop Hypertension.
Data from U.S. News & World Report, Best Diets 2020. Available at: https://health.usnews.com/

best-diet. Accessed on February 25, 2020.
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high fat and very low carbohydrate consumption,20 but long-term studies show poor
adherence.21 Diets that avoid specific macronutrient restriction, such as the Mediter-
ranean diet22 and MyPlate,23 also have health benefits. Given the variety of dietary op-
tions, researchers have found weight loss efficacy is best predicted by adherence, not
macronutrient composition.24

General consensus on the optimal timing of food intake seems to be that earlier is
better.25 A larger breakfast instead of a larger dinner results in more weight loss,26

and earlier lunches or dinners result in better insulin-glucose profiles.27,28 However,
the addition of breakfast in individuals already skipping breakfast does not reduce
evening caloric intake and may cause weight gain.29

Physical activity
The role of physical activity in weight management is 2-fold: to support an energy
deficit and to preserve lean muscle mass. Total energy expenditure (TEE) is partitioned
into basal metabolic rate (BMR), diet-induced thermogenesis (DIT), nonexercise activ-
ity thermogenesis (NEAT), and exercise (Fig. 2). Exercise, both cardiovascular and
resistance training (RT), is the only component of TEE that is significantly modifiable.
The combination of diet and exercise always results in greater weight loss than either
modality alone.
The American College of Sports Medicine (ACSM) provides evidence-based recom-

mendations for cardiovascular exercise to prevent weight gain, achieve weight loss,
and maintain weight loss:30

� Weight maintenance 150–250 min/wk
Fi
m
o

ca
1. 
g. 2. Components of TEE. BMR is the largest contributor to TEE and
odulated by daily activities. The types of physical activity, NEAT and e
f many interventions to increase TEE.
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� Weight loss
 >150–420 min/wk
� Weight loss maintenance
 200–300 min/wk
The individual’s response to exercise is dose responsive and heterogeneous. For
example, the landmark Midwest Exercise Trial-1 showed that a prescription of
225 min/wk of moderate-intensity cardiovascular exercise allowed most men to lose
weight, but roughly 50% of women gained weight.31

RT plays an important role in weight loss maintenance because it preserves lean
muscle mass, which determines BMR, and weight loss is accompanied by a reduction
in BMR.32 RT mitigates lean muscle loss in weight loss30 and increases BMR and lean
muscle mass when applied without a hypocaloric diet.33,34

Behavior
In addition to nutrition and physical activity modifications, behavioral changes also
assist in weight loss success. Behavioral interventions are often delivered on a sched-
uled basis (eg, weekly or monthly education sessions) in person or electronically,35

and can be in an individual or group setting. The tenets of behavioral treatment of
obesity are goal setting, self-monitoring, and stimulus control (Table 8),36 which
have been shown to be beneficial in weight loss and weight loss maintenance.37,38
cannot be directly
xercise, are targets
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Table 8
Behavioral treatment of obesity

Goal Setting Self-monitoring Stimulus Control

� Goals should be specific
and feasible

� Food logging increases
awareness of
caloric and
macronutrient intake

� Patients learn to modify
external cues to create an
environment more
conducive to behavior
change

� Individuals should report
their
successes or challenges at
every session

� Electronic activity
monitoring devices
provide information
about energy
expenditure

� Uses problem-solving
strategies, cognitive
restructuring, stress
management

� Promotes accountability � Frequent weighing is
associated with
better weight loss
maintenance

� Stress-related eating
behaviors (binge eating,
comfort eating,
emotional eating) may
require collaboration
with psychologist or
psychiatrist

Data from Butryn ML, Webb V, Wadden TA. Behavioral treatment of obesity. Psychiatr Clin North
Am. 2011;34(4):841-859 and Burke LE, Wang J, Sevick MA. Self-Monitoring in Weight Loss: A Sys-
tematic Review of the Literature. J Am Diet Assoc. 2011;111(1):92-102.
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Pharmacotherapy
Pharmacotherapy for weight loss (Table 9) should be considered to help patients
achieve targeted weight loss and health goals as an adjunct to comprehensive lifestyle
intervention for individuals who are motivated to lose weight and have a BMI greater
than or equal to 30 kg/m2 or a BMI greater than or equal to 27 kg/m2 with at least 1
obesity-associated comorbidity (eg, T2D, hypertension, hyperlipidemia, and obstruc-
tive sleep apnea).39 The rationale for adding antiobesity medication (AOM) to lifestyle
modifications is 2-fold:

1. To help patients adhere to a lower-calorie diet more consistently to achieve weight
loss and improve health5

2. To directly address the pathophysiologic mechanisms that cause weight gain and
the metabolic adaptations that drive weight regain32,40

Before starting a medication for weight loss, it is important to discuss with patients
that obesity is a chronic disease that may require long-term treatment.
Phentermine
Phentermine is an adrenergic agonist that leads to weight loss by activation of the
sympathetic nervous system with a subsequent decrease in appetite and increase
in BMR.41,42 It remains the most frequently prescribed AOM. Phentermine as a mono-
therapy is only US Food and Drug Administration (FDA)–approved for short-term use
(3 months), but, in clinical practice, many practitioners prescribe it for a longer dura-
tion. The recommended dosage of phentermine is 15 to 37.5 mg orally once daily in
the morning.43 Low-dose phentermine is available as a scored 8-mg tablet that can
be prescribed up to 3 times per day.
Optimal candidates for phentermine include patients with obesity who need assis-

tance with appetite suppression. Because of the mild increase in heart rate and/or
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Table 9
Summary of antiobesity medications

Medication (Year
Approved)

Mechanism of Action
and Typical Dosage Trial Trial Arms

Average
Weight Loss
(%)

‡5%
TBW
(%)

‡10%
TBW
(%)

Most Common Side
Effects

Phentermine (1959,
schedule IV
controlled substance)

Adrenergic agonist
Typical dosing:
8–37.5 mg QAM

Aronne et al43

28 wk
15 mg daily
7.5 mg daily
Placebo
aTopiramate ER and

phentermine/
topiramate ER arms
excluded

6.1a 46.2 20.8 Dry mouth, difficulty
sleeping, irritability5.5a 43.3 12.5

1.7 15.5 6.8

Orlistat (1999) Lipase inhibitor
Typical dosing:
60–120 mg TID with

meals

XENDOS
208 wk

120 mg TID (week 52) 9.6a 72.8 41.0 Fecal urgency, oily stool,
flatus with discharge,
fecal incontinence

120 mg TID (week 208) 5.3a 52.8 26.2
Placebo (week 52) 5.6 45.1 20.8
Placebo (week 208) 2.7 37.3 15.6

Phentermine/
topiramate ER (2012,
schedule IV
controlled substance)

Adrenergic agonist/
neurostabilizer

Typical dose titration:
3.75/23 mg daily for

2 wk, increasing to
7.5/46 mg daily, with
further dose
escalation as needed/
tolerated thereafter

EQUIP
56 wk

15/92 mg daily 10.9a 66.7 47.2 Paresthesia, dizziness,
dysgeusia, insomnia,
constipation, dry
mouth

3.75/23 mg daily 5.1a 44.9 18.8
Placebo 1.6 17.3 7.4

CONQUER
56 wk

15/92 mg daily 9.8a 70.0 47.6
7.5/46 mg daily 7.8a 62.1 37.3
Placebo 1.2 20.8 7.4

SEQUEL
108 wk (52-wk
extension of
CONQUER trial)

15/92 mg daily
7.5/46 mg daily
Placebo

10.5a

9.3a

1.8

79.3
75.2
30.0

53.9
50.3
11.5

(continued on next page)
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Table 9
(continued )

Medication (Year
Approved)

Mechanism of Action
and Typical Dosage Trial Trial Arms

Average
Weight Loss
(%)

‡5%
TBW
(%)

‡10%
TBW
(%)

Most Common Side
Effects

(11.25/69 mg, then 15/
92 mg)

Data from
weeks 0–108

Naltrexone/bupropion
ER (2014)

Opioid receptor
antagonist/dopamine
and norepinephrine
reuptake inhibitor

Typical dose titration:
Week 1: 8/90 mg QAM
Week 2: 8/90 mg BID
Week 3:16/180 mg

QAM, 8/90 mg QPM
Week 4 (and beyond):

16/180 mg BID

COR-I
56 wk

16/180 mg BID 6.1a 48.0 24.6 Nausea, constipation,
headache, dizziness,
insomnia, dry mouth

8/180 mg BID 5.0a 39.5 20.2
Placebo 1.3 16.4 7.4

COR-II 16/180 mg BID 6.4a 50.2 28.3
56 wk Placebo 1.2 17.1 5.7
COR-BMOD 16/180 mg BID 9.3a 66.4 41.5
56 wk Placebo 5.1 42.5 20.2
COR-DIABETES 16/180 mg BID 5.0a 44.5 18.5
56 wk Placebo 1.8 18.9 5.7

Liraglutide 3.0 mg
(2014)

GLP-1 receptor agonist
Typical dose titration:
Week 1: 0.6 mg daily
Week 2: 1.2 mg daily
Week 3: 1.8 mg daily
Week 4: 2.4 mg daily
Week 5 (and beyond):

3.0 mg daily

SCALE Obesity and
Prediabetes

3.0 mg daily 8.0a 63.2 33.1 Nausea, vomiting,
diarrhea,
constipation,
dyspepsia, abdominal
pain

56 wk Placebo 2.6 27.1 10.6
SCALE Diabetes
56 wk

3.0 mg daily 6a 54.3 25.2
1.8 mg daily 4.7a 40.4 15.9
Placebo 2.0 21.4 6.7

SCALE Maintenance 3.0 mg daily 6.2a 50.5 26.1
56 wk (after initial �5%
weight loss with LCD)

Placebo 0.2 21.8 6.3

Abbreviations: BID, twice daily; ER, extended release; LCD, low-calorie diet; QAM, every morning; QPM, every evening; TBW, total body weight; TID, thrice daily;
XENDOS, Xenical in the Prevention of Diabetes in Obese Subjects.

a P<.001 versus placebo.
Adapted from Igel LI, Kumar RB, Saunders KH, Aronne LJ. Practical Use of Pharmacotherapy for Obesity. Gastroenterology. 2017 Feb 9. pii: S0016-5085(17)30142-

7; with permission.
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blood pressure that can accompany phentermine use, this medication is generally
used in younger patients without evidence of unstable coronary disease or uncon-
trolled hypertension. Patients who have anxiety or insomnia may find these conditions
exacerbated by phentermine and would not be ideal candidates.

Orlistat
Orlistat promotes weight loss by inhibiting gastrointestinal lipases, thereby decreasing
the absorption of fat from the gastrointestinal tract. Orlistat 120 mg ingested 3 times
per day with meals decreases fat absorption by approximately 30%.44 Half-strength
orlistat (60 mg) ingested 3 times daily is approved for over-the-counter use.
Orlistat can lead to gastrointestinal side effects, which can often be ameliorated by

following a balanced, reduced-calorie diet with no more than w30% of calories from
fat at any meal.45 The addition of a fiber supplement can also be helpful. Orlistat de-
creases the absorption of fat-soluble vitamins (A, D, E, and K), and patients should be
instructed to take a multivitamin (separately from the medication) to ensure adequate
nutrition.
Optimal candidates for orlistat use include patients with obesity and constipation

and/or concomitant hypercholesterolemia. Orlistat is contraindicated in patients
with malabsorptive syndromes or cholestasis.

Phentermine/topiramate extended release
Phentermine/topiramate extended release (ER) combines the sympathomimetic
amine phentermine (discussed earlier) with topiramate ER. Topiramate monotherapy
is FDA approved for epilepsy as well as migraine prophylaxis and has been found to
decrease caloric intake and reduce cravings via GABA (gamma-aminobutyric acid)
and glutamate modulation as well as carbonic anhydrase inhibition. The combination
of phentermine plus topiramate ER leads to additive weight loss by targeting different
appetite pathways simultaneously. Phentermine/topiramate is available in 4 doses:
3.75/23 mg, 7.5/46 mg, 11.25/69 mg, and 15/92 mg.
Ideal candidates for phentermine/topiramate ER include younger patients with

obesity (because older patients may have undiagnosed heart disease that could
potentially be worsened by sympathomimetics) and patients with concomitant mi-
graines who could benefit from the appetite suppressant effects of the agent. Because
of the phentermine component, this medication should not be prescribed to patients
with a history of CVD or other conditions that could be exacerbated by a stimulant. In
addition, because of teratogenicity associated with topiramate, the FDA requires a risk
evaluation and mitigation strategy to inform prescribers and female patients of repro-
ductive potential about the possible increased risk of orofacial clefts in infants
exposed to topiramate during the first trimester of pregnancy.46–48

Naltrexone/bupropion extended release
Naltrexone/bupropion combines the dopamine/norepinephrine reuptake inhibitor
bupropion with the opioid antagonist naltrexone. Bupropion monotherapy is FDA
approved as an antidepressant and to assist with smoking cessation. Inhibiting reup-
take of dopamine and norepinephrine modulates the central reward pathways trig-
gered by food. Naltrexone monotherapy is FDA approved for the treatment of
alcohol and opioid dependence. Naltrexone antagonizes an inhibitory feedback loop
that would otherwise limit bupropion’s anorectic properties, and the combination of
naltrexone/bupropion has been shown to activate POMC neurons in the arcuate nu-
cleus of the hypothalamus.49

Naltrexone/bupropion should be avoided in patients with uncontrolled hyperten-
sion, uncontrolled pain, history of seizures, or any condition that predisposes to
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seizure, such as anorexia or bulimia nervosa, or abrupt discontinuation of alcohol,
benzodiazepines, barbiturates, or antiepileptic drugs. Bupropion carries a black box
warning related to a potential increase in suicidal thoughts in young adults (< 24 years
old) within the first few months of treatment initiation, and patients should be moni-
tored closely for any mood changes (although no evidence of suicidality was reported
in phase III studies).50–53

Ideal candidates for naltrexone/bupropion include patients who describe strong
cravings for food and/or addictive behaviors related to food. Patients who have
concomitant depression, are trying to quit smoking or decrease alcohol consumption
are also good candidates.

Liraglutide 3.0
Liraglutide is a GLP-1 receptor agonist that is also FDA approved for the treatment of
T2D in doses up to 1.8 mg daily. Liraglutide works both centrally (eg, the hypothala-
mus) and in the gastrointestinal tract to delay gastric emptying and decrease food
intake as well as subjective hunger.54,55

Liraglutide carries a black box warning related to an association with medullary thy-
roid cancer (MTC) in rodents, although the relevance to humans has not been deter-
mined. Nonetheless, liraglutide is contraindicated in patients who have had MTC or
who have a family history of multiple endocrine neoplasia type 2.55 Concomitant
use of liraglutide with insulin or insulin secretagogues increases the risk of
hypoglycemia.
Ideal patients for liraglutide include those with overweight or obesity who report

inadequate meal satiety, and/or have T2D, prediabetes, or impaired glucose toler-
ance. Liraglutide is not appropriate for patients with an aversion to needles, because
it requires a daily subcutaneous injection.

Bariatric surgery and devices
Bariatric surgery results in greater improvement in weight loss outcomes
and weight-associated comorbidities compared with nonsurgical interventions.56

The 3 most commonly performed procedures in the United States are the laparo-
scopic sleeve gastrectomy (LSG), the Roux-en-Y gastric bypass (RYGB), and the
laparoscopic adjustable gastric band (LAGB) (Table 10).57 Bariatric surgery should
be considered in patients who are motivated to lose weight but have not
achieved sufficient weight loss for target health goals following behavioral treat-
ment, with or without pharmacotherapy.57 Patients should have a BMI greater
than or equal to 40 kg/m2 or a BMI greater than or equal to 35 kg/m2 with at least
1 significant obesity-related comorbid condition, such as obstructive sleep
apnea.58

The LSG and RYGB are performed more frequently than the LAGB because they are
associated with greater weight reduction, better management of obesity-associated
comorbidities, and fewer adverse events.5 Contraindications include poor adherence
to medical treatment, severe psychological disorders, and illnesses that significantly
reduce life expectancy and are unlikely to improve with weight loss. Better outcomes
are achieved when patients commit to long-term lifestyle changes and medical follow-
up; however, most patients regain some weight.

Laparoscopic sleeve gastrectomy
LSG removes w70% of the stomach along the greater curvature. The fundus, which
secretes the hunger hormone ghrelin, is removed. The remaining stomach is shaped
like a sleeve and the pyloric sphincter remains intact. There is a lower risk of nutritional
deficiencies with LSG compared with RYGB, and LSG is associated with fewer
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Table 10
Most commonly performed bariatric surgeries

Procedure Description

Total Body
Weight Loss at
One Year (%) Reversibility

Procedures
Performed
in 2018 (%)

LSG w70% of stomach removed
along greater curvature

25 No 61.4

RYGB Small pouch (w<50 mL)
created from proximal
stomach and attached
to jejunum, bypasses
most of stomach,
duodenum, and most
of jejunum

30 Yes (rarely
done)

17.0

LAGB Inflatable silicone band
placed around fundus
of stomach to create
small pouch (w30 mL);
pouch capacity adjusted
by increasing or decreasing
quantity of saline in band
via subcutaneous port

15–20 Yes 1.1

Data from Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, andmanagement of obesity.
N Engl J Med. 2017;376:254-266 and American Society forMetabolic and Bariatric Surgery. Estimate
of Bariatric Surgery Numbers, 2011-2018. Available at: https://asmbs.org/resources/estimate-of-
bariatric-surgery-numbers. Accessed February 24, 2020.
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complications than RYGB and LAGB. Early adverse events include bleeding, stenosis,
leakage at the staple line, reflux, and vomiting; late complications include stomach
expansion, which can lead to decreased restriction.56 Unlike RYGB and LAGB, LSG
is not reversible.
Roux-en-Y gastric bypass
In the RYGB, a small pouch is created from the proximal stomach and attached to the
jejunum, thereby bypassing the rest of the stomach, the duodenum, and most of the
jejunum. There is a lower rate of gastroesophageal reflux following RYGB compared
with LSG; RYGB can often improve symptoms of reflux. Early adverse events include
obstruction, stricture, leakage, and failure of the staple line; late adverse events
include anastomosis ulceration and nutritional deficiencies.56 Dumping syndrome
can develop at any time. The RYGB is technically reversible; however, it is generally
only reversed in extreme situations.
Laparoscopic adjustable gastric band
The LAGB is an inflatable band that is placed around the fundus of the stomach in or-
der to produce a small, proximal pouch. The capacity of the pouch is adjusted by add-
ing or removing saline to the band through a subcutaneous port. Although the
procedure is reversible and less invasive than LSG and RYGB, many bands are even-
tually removed because of insufficient weight loss and/or complications.59 The most
common adverse events include nausea, vomiting, reflux, obstruction, band erosion,
and band migration.60
cargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 24,
1. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos

 reservados.

https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers
https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers


Tchang et al168

 Descargad
 2021. Para
Antiobesity devices
Devices are emerging as options for the treatment of obesity (Table 11). Not only are
they minimally invasive and reversible but they are potentially more effective than
AOMs, generally safer for poor surgical candidates, and possibly less expensive
than bariatric surgery.61 The 5 FDA-approved devices are 2 intragastric balloons, an
aspiration device, superabsorbent hydrogel capsules, and the TransPyloric Shuttle.
Although the devices are not widely used currently, they may become more wide-
spread in the future as more health care providers are trained to use them and insur-
ance coverage improves.
Table 11
Devices approved for overweight and obesity by the Food and Drug Administration

Device
(Year Approved)

BMI
Indication
(kg/m2) Description

Total Body Weight
Loss (%)

Duration of
Intervention
(mo)

Orbera Intragastric
Balloon (2015)

30–40 Endoscopically placed
intragastric balloon filled
with 400–700 mL of
saline, removed
endoscopically after 6 mo

Device: 10.2
Sham: 3.3

6

Obalon Balloon
System (2016)

30–40 3 sequentially swallowed
balloons filled with
250 mL of gas each,
removed endoscopically
6 mo after first balloon
placed

Device: 6.6
Sham: 3.4

6

AspireAssist (2016) 35–55 Endoscopically placed
percutaneous
gastrostomy aspiration
tube; 30% of each meal
removed from the
stomach

Device: 12.1
Lifestyle alonea:3.5

12

Plenity (2019) 25–40 Capsules containing
superabsorbent
hydrogel, occupy one-
quarter of stomach
volume when hydrated, 3
capsules (2.25 g/dose)
administered with water
before lunch and dinner

Device: 6.4
Placebo: 4.4

6

TransPyloric
Shuttle (2019)

30–40 Endoscopically placed
device comprising a large
spherical bulb (above
pylorus) attached to
small cylindrical weight
(moves freely in
duodenum); removed
endoscopically after
12 mo

Device: 9.5
Sham: 2.8

12

a Lifestyle comprises diet and exercise counseling.
Data from Refs.69–80
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Intragastric balloons
Intragastric balloons are space-occupying devices that are placed in the stomach to
reduce functional gastric volume. The Orbera balloon is placed endoscopically and
filled with 400 to 700 mL of saline. After 6 months, it is removed endoscopically.
The Obalon balloon system comprises 3 balloons, which are swallowed as capsules
sequentially over 3 months. Each balloon is filled with 250 mL of gas. Six months after
the first balloon is placed, the 3 balloons are removed endoscopically.

Aspiration therapy
The AspireAssist device consists of a percutaneous gastrostomy tube that is placed
endoscopically and attached to an external aspiration port positioned at the abdom-
inal surface. Patients must chew thoroughly and drink sufficient liquid with each meal
so that food particles are 5 mm or less in diameter to flow through the gastrostomy
tube in a slurry. After each meal, patients aspirate 30% of ingested food.

Hydrogel capsules
Plenity is a capsule composed of superabsorbent hydrogel particles. When capsules
are taken with water before a meal, they can absorb up to 100 times their weight in
water to occupy a quarter of average stomach volume. The recommended dose is
3 capsules (2.25 g/dose) before lunch and dinner.

TransPyloric Shuttle
The TransPyloric Shuttle is a device composed of a large spherical bulb connected
to a small cylindrical weight. Following endoscopic placement, an overtube facili-
tates coiling of a silicone cord into the bulb. Although the weight moves freely in
the duodenum, the bulb remains above the pylorus to prevent migration. Peristaltic
contractions result in intermittent gastric outlet obstruction and delayed gastric
emptying.

Future directions
Although the primary tools of obesity management remain lifestyle modification, phar-
macotherapy, and bariatric interventions, the future of obesity medicine is rapidly
evolving to accommodate the variety of patients who present for weight management.
Nutrition science is investigating genome-based diets to provide precision medicine
and is finding nutrient sequencing (ie, the order in which macronutrients are ingested)
can also affect hormonal responses and weight management. Themicrobiome is play-
ing a growing role in how energy regulation is understood. AOMs are expanding to
include triple agonists/antagonists to address the multiple pathophysiologic mecha-
nisms that drive weight gain. New nonsurgical bariatric interventions, such as the
endoscopic sleeve gastroplasty, are also emerging tools. The future of obesity man-
agement is progressing toward multimodal approaches that optimize the complimen-
tary effects of lifestyle changes, medications, and procedures.
SUMMARY

Obesity is a chronic disease caused by dysregulated energy homeostasis pathways
that encourage the accumulation of adiposity, which, in turn, results in the develop-
ment or exacerbation of weight-related comorbidities. Treatment of obesity relies on
a foundation of lifestyle modification. Weight loss pharmacotherapy, bariatric sur-
geries, and novel devices are additional tools to help patients achieve their health
and weight goals. Appropriate management of patients with obesity provides multiple
metabolic benefits beyond weight loss.
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CLINICS CARE POINTS

� Obesity is a chronic disease caused by dysfunctional communication pathways between
hypothalamic and peripheral orexigenic and anorexigenic signals, which is propagated by
both genetics and environmental stressors.

� Treatment of obesity requires lifelong management, but the metabolic benefits of weight
reduction extend beyond weight loss alone.

� Because many diets have been shown to be effective for weight loss, nutrition advice should
be individualized to each patient to optimize adherence.

� Aerobic exercise and RT are tools to support weight loss, weight maintenance, and general
health.

� AOMs help patients achieve clinically significant weight loss when added to lifestyle
modification; the choice of AOM depends on the potential benefits and side effects in
each individual.

� Bariatric surgery is an option for eligible patients with proven efficacy and durability in
improving morbidity and mortality.

� Bariatric devices are a growing field of intervention that can further support patients in
achieving their weight loss goals.

REFERENCES

1. National Heart, Lung, and Blood Institute Obesity Education Initiative Expert
Panel on the Identification, Evaluation, and Treatment of Obesity in Adults (US).
Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight
and Obesity in Adults: The Evidence Report. Bethesda (MD): National Heart,
Lung, and Blood Institute. 1998;98(4083):1–262.

2. Hales CM, Fryer CD, Ogden CL. Prevalence of obesity among adults and youth:
United States, 2015-2016. Centers for Disease Control and Prevention; 2017.
Available at: https://www.cdc.gov/nchs/products/databriefs/db288.htm. Ac-
cessed June 8, 2020.

3. Ward ZJ, Bleich SN, Cradock AL, et al. Projected U.S. state-level prevalence of
adult obesity and severe obesity. N Engl J Med 2019;381(25):2440–50.

4. Garvey WT, Mechanick JI, Brett EM, et al. American Association of Clinical Endo-
crinologists and American College of Endocrinology comprehensive clinical
practice guidelines for medical care of patients with obesity. Endocr Pract
2016;22(Suppl 3):1–203.

5. Jensen MD, Ryan DH, Apovian CM, et al. AHA/ACC/TOS Guideline for the man-
agement of overweight and obesity in adults: a report of the American College of
Cardiology/American Heart Association/The Obesity Society Task Force on Prac-
tice Guidelines. J Am Coll Cardiol 2014;63(25 Pt B):2985–3023.

6. Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and management of
obesity. N Engl J Med 2017;376(3):254–66.

7. Thaler JP, Yi CX, Schur EA, et al. Obesity is associated with hypothalamic injury in
rodents and humans. J Clin Invest 2012;122(1):153–62.

8. Bays HE, Gonzalez-Campoy JM, Henry RR, et al. Is adiposopathy (sick fat) an
endocrine disease? Int J Clin Pract 2008;62(10):1474–83.

9. Kushner RF, Batsis JA, Butsch WS, et al. Weight history in clinical practice: the
state of the science and future directions. Obesity (Silver Spring) 2020;
28(1):9–17.
o para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 24,
 uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos

 reservados.

https://www.cdc.gov/nchs/products/databriefs/db288.htm
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref3
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref3
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref4
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref4
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref4
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref4
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref5
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref5
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref5
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref5
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref6
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref6
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref7
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref7
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref8
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref8
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref9
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref9
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref9


Management of Overweight and Obesity 171

 Des
 202
10. Pasquali R, Casanueva F, Haluzik M, et al. European Society of Endocrinology
Clinical Practice Guideline: endocrine work-up in obesity. Eur J Endocrinol
2020;182(1):G1–32.

11. Apovian CM, Aronne LJ, Bessesen DH, et al. Pharmacological management of
obesity: an endocrine society clinical practice guideline. J Clin Endocrinol Metab
2015;100(2):342–62.

12. World Health Organization. Appropriate body-mass index for Asian populations
and its implications for policy and intervention strategies. Lancet 2004;
363(9403):157–63.

13. Trepanowski JF, Kroeger CM, Barnosky A, et al. Effect of alternate-day fasting on
weight loss, weight maintenance, and cardioprotection among metabolically
healthy obese adults: a randomized clinical trial. JAMA Intern Med 2017;
177(7):930–8.

14. Gabel K, Hoddy KK, Haggerty N, et al. Effects of 8-hour time restricted feeding
on body weight and metabolic disease risk factors in obese adults: a pilot study.
Nutr Healthy Aging 2018;4(4):345–53.

15. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N Engl J Med 2002;
346(6):393–403.

16. Pi-Sunyer X. The look AHEAD trial: a review and discussion of its outcomes. Curr
Nutr Rep 2014;3(4):387–91.

17. Westman EC, Feinman RD, Mavropoulos JC, et al. Low-carbohydrate nutrition
and metabolism. Am J Clin Nutr 2007;86(2):276–84.

18. Tobias DK, Chen M, Manson JE, et al. Effect of low-fat diet interventions versus
other diet interventions on long-term weight change in adults: a systematic review
and meta-analysis. Lancet Diabetes Endocrinol 2015;3(12):968–79.

19. Hu T, Mills KT, Yao L, et al. Effects of low-carbohydrate diets versus low-fat diets
on metabolic risk factors: a meta-analysis of randomized controlled clinical trials.
Am J Epidemiol 2012;176(Suppl 7):S44–54.

20. Bueno NB, de Melo IS, de Oliveira SL, et al. Very-low-carbohydrate ketogenic diet
v. low-fat diet for long-term weight loss: a meta-analysis of randomised controlled
trials. Br J Nutr 2013;110(7):1178–87.

21. Athinarayanan SJ, Adams RN, Hallberg SJ, et al. Long-term effects of a novel
continuous remote care intervention including nutritional ketosis for the manage-
ment of type 2 diabetes: a 2-year non-randomized clinical trial. Front Endocrinol
(Lausanne) 2019;10:348.

22. Shai I, Schwarzfuchs D, Henkin Y, et al. Weight loss with a low-carbohydrate,
Mediterranean, or low-fat diet. N Engl J Med 2008;359(3):229–41.

23. United States Department of Agriculture (USDA). ChooseMyPlate. USDA Center
for Nutrition Policy & Promotion. 1994. Available at: www.choosemyplate.gov. Ac-
cessed March 11, 2020.

24. Dansinger ML, Gleason JA, Griffith JL, et al. Comparison of the Atkins, Ornish,
Weight Watchers, and Zone diets for weight loss and heart disease risk reduc-
tion: a randomized trial. JAMA 2005;293(1):43–53.

25. Lopez-Minguez J, Gomez-Abellan P, Garaulet M. Timing of breakfast, lunch, and
dinner. Effects on obesity and metabolic risk. Nutrients 2019;11(11):2624.

26. Jakubowicz D, Barnea M, Wainstein J, et al. High caloric intake at breakfast vs.
dinner differentially influences weight loss of overweight and obese women.
Obesity (Silver Spring) 2013;21(12):2504–12.
cargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 24,
1. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos

 reservados.

http://refhub.elsevier.com/S0025-7125(20)30096-1/sref10
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref10
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref10
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref11
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref11
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref11
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref12
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref12
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref12
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref13
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref13
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref13
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref13
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref14
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref14
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref14
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref15
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref15
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref15
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref16
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref16
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref17
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref17
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref18
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref18
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref18
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref19
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref19
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref19
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref20
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref20
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref20
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref21
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref21
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref21
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref21
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref22
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref22
http://www.choosemyplate.gov
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref24
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref24
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref24
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref25
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref25
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref26
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref26
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref26


Tchang et al172

 Descargad
 2021. Para
27. Lopez-Minguez J, Saxena R, Bandin C, et al. Late dinner impairs glucose toler-
ance in MTNR1B risk allele carriers: a randomized, cross-over study. Clin Nutr
2018;37(4):1133–40.

28. Bandin C, Scheer FA, Luque AJ, et al. Meal timing affects glucose tolerance, sub-
strate oxidation and circadian-related variables: a randomized, crossover trial. Int
J Obes (Lond) 2015;39(5):828–33.

29. Kant AK, Graubard BI. Within-person comparison of eating behaviors, time of
eating, and dietary intake on days with and without breakfast: NHANES 2005-
2010. Am J Clin Nutr 2015;102(3):661–70.

30. Donnelly JE, Blair SN, Jakicic JM, et al. American College of Sports Medicine Po-
sition Stand. Appropriate physical activity intervention strategies for weight loss
and prevention of weight regain for adults. Med Sci Sports Exerc 2009;41(2):
459–71.

31. Donnelly JE, Hill JO, Jacobsen DJ, et al. Effects of a 16-month randomized
controlled exercise trial on body weight and composition in young, overweight
men and women: the Midwest Exercise Trial. Arch Intern Med 2003;163(11):
1343–50.

32. Fothergill E, Guo J, Howard L, et al. Persistent metabolic adaptation 6 years after
"The Biggest Loser" competition. Obesity (Silver Spring) 2016;24(8):1612–9.

33. Pratley R, Nicklas B, Rubin M, et al. Strength training increases resting metabolic
rate and norepinephrine levels in healthy 50- to 65-yr-old men. J Appl Physiol
(1985) 1994;76(1):133–7.

34. Aristizabal JC, Freidenreich DJ, Volk BM, et al. Effect of resistance training on
resting metabolic rate and its estimation by a dual-energy X-ray absorptiometry
metabolic map. Eur J Clin Nutr 2015;69(7):831–6.

35. Wadden TA, Tronieri JS, Butryn ML. Lifestyle modification approaches for the
treatment of obesity in adults. Am Psychol 2020;75(2):235–51.

36. Butryn ML, Webb V, Wadden TA. Behavioral treatment of obesity. Psychiatr Clin
North Am 2011;34(4):841–59.

37. Klem ML, Wing RR, McGuire MT, et al. A descriptive study of individuals success-
ful at long-term maintenance of substantial weight loss. Am J Clin Nutr 1997;
66(2):239–46.

38. Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review
of the literature. J Am Diet Assoc 2011;111(1):92–102.

39. Igel LI, Kumar RB, Saunders KH, et al. Practical use of pharmacotherapy for
obesity. Gastroenterology 2017;152(7):1765–79.

40. Sumithran P, Prendergast LA, Delbridge E, et al. Long-term persistence of hor-
monal adaptations to weight loss. N Engl J Med 2011;365(17):1597–604.

41. Rothman RB, Baumann MH, Dersch CM, et al. Amphetamine-type central ner-
vous system stimulants release norepinephrine more potently than they release
dopamine and serotonin. Synapse 2001;39(1):32–41.

42. Kaplan LM. Pharmacological therapies for obesity. Gastroenterol Clin North Am
2005;34(1):91–104.

43. Aronne LJ, Wadden TA, Peterson C, et al. Evaluation of phentermine and topira-
mate versus phentermine/topiramate extended-release in obese adults. Obesity
(Silver Spring) 2013;21(11):2163–71.

44. Genentech USA I. Xenical [Package Insert]. San Francisco, CA: Genentech USA,
Inc; 2016.

45. Torgerson JS, Hauptman J, Boldrin MN, et al. XENical in the prevention of dia-
betes in obese subjects (XENDOS) study: a randomized study of orlistat as an
o para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 24,
 uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos

 reservados.

http://refhub.elsevier.com/S0025-7125(20)30096-1/sref27
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref27
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref27
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref28
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref28
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref28
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref29
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref29
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref29
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref30
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref30
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref30
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref30
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref31
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref31
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref31
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref31
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref32
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref32
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref33
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref33
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref33
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref34
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref34
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref34
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref35
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref35
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref36
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref36
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref37
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref37
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref37
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref38
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref38
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref39
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref39
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref40
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref40
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref41
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref41
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref41
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref42
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref42
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref43
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref43
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref43
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref44
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref44
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref45
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref45


Management of Overweight and Obesity 173

 Des
 202
adjunct to lifestyle changes for the prevention of type 2 diabetes in obese pa-
tients. Diabetes Care 2004;27(1):155–61.

46. Allison DB, Gadde KM, Garvey WT, et al. Controlled-release phentermine/topira-
mate in severely obese adults: a randomized controlled trial (EQUIP). Obesity
(Silver Spring) 2012;20(2):330–42.

47. Gadde KM, Allison DB, Ryan DH, et al. Effects of low-dose, controlled-release,
phentermine plus topiramate combination on weight and associated comorbid-
ities in overweight and obese adults (CONQUER): a randomised, placebo-
controlled, phase 3 trial. Lancet 2011;377(9774):1341–52.

48. Garvey WT, Ryan DH, Look M, et al. Two-year sustained weight loss and meta-
bolic benefits with controlled-release phentermine/topiramate in obese and over-
weight adults (SEQUEL): a randomized, placebo-controlled, phase 3 extension
study. Am J Clin Nutr 2012;95(2):297–308.

49. Greenway FL, Whitehouse MJ, Guttadauria M, et al. Rational design of a combi-
nation medication for the treatment of obesity. Obesity (Silver Spring) 2009;
17(1):30–9.

50. Greenway FL, Fujioka K, Plodkowski RA, et al. Effect of naltrexone plus bupropion
on weight loss in overweight and obese adults (COR-I): a multicentre, rando-
mised, double-blind, placebo-controlled, phase 3 trial. Lancet 2010;376(9741):
595–605.

51. Apovian CM, Aronne L, Rubino D, et al. A randomized, phase 3 trial of naltrexone
SR/bupropion SR on weight and obesity-related risk factors (COR-II). Obesity
(Silver Spring) 2013;21(5):935–43.

52. Wadden TA, Foreyt JP, Foster GD, et al. Weight loss with naltrexone SR/bupropion
SR combination therapy as an adjunct to behavior modification: the COR-BMOD
trial. Obesity (Silver Spring) 2011;19(1):110–20.

53. Hollander P, Gupta AK, Plodkowski R, et al. Effects of naltrexone sustained-
release/bupropion sustained-release combination therapy on body weight and
glycemic parameters in overweight and obese patients with type 2 diabetes. Dia-
betes Care 2013;36(12):4022–9.

54. Nauck M, Frid A, Hermansen K, et al. Efficacy and safety comparison of liraglu-
tide, glimepiride, and placebo, all in combination with metformin, in type 2 dia-
betes: the LEAD (liraglutide effect and action in diabetes)-2 study. Diabetes
Care 2009;32(1):84–90.

55. van Can J, Sloth B, Jensen CB, et al. Effects of the once-daily GLP-1 analog lir-
aglutide on gastric emptying, glycemic parameters, appetite and energy meta-
bolism in obese, non-diabetic adults. Int J Obes (Lond) 2014;38(6):784–93.

56. Colquitt JL, Pickett K, Loveman E, et al. Surgery for weight loss in adults. Co-
chrane Database Syst Rev 2014;(8):CD003641.

57. American Society for Metabolic and Bariatric Surgery. Estimate of Bariatric Sur-
gery Numbers, 2011-2018. ASMBS. 2018. Available at: https://asmbs.org/
resources/estimate-of-bariatric-surgery-numbers. Accessed February 24, 2020.

58. Barenbaum SR, Saunders KH, Igel LI, et al. Obesity: when to consider surgery.
J Fam Pract 2018;67(10):614, 616;618;620.

59. Courcoulas AP, King WC, Belle SH, et al. Seven-year weight trajectories and
health outcomes in the Longitudinal Assessment of Bariatric Surgery (LABS)
study. JAMA Surg 2018;153(5):427–34.

60. le Roux CW, Heneghan HM. Bariatric surgery for obesity. Med Clin North Am
2018;102(1):165–82.

61. Saunders KH, Igel LI, Saumoy M, et al. Devices and endoscopic bariatric thera-
pies for obesity. Curr Obes Rep 2018;7(2):162–71.
cargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 24,
1. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos

 reservados.

http://refhub.elsevier.com/S0025-7125(20)30096-1/sref45
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref45
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref46
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref46
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref46
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref47
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref47
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref47
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref47
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref48
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref48
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref48
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref48
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref49
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref49
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref49
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref50
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref50
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref50
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref50
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref51
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref51
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref51
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref52
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref52
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref52
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref53
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref53
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref53
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref53
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref54
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref54
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref54
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref54
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref55
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref55
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref55
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref56
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref56
https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers
https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref58
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref58
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref59
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref59
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref59
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref60
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref60
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref61
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref61


Tchang et al174

 Descargad
 2021. Para
62. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management of the
metabolic syndrome: an American Heart Association/National Heart, Lung, and
Blood Institute Scientific Statement. Circulation 2005;112(17):2735–52.

63. Helfand M, Carson S. Screening for Lipid disorders in adults: selective Update of
2001 US preventive Services Task Force Review 2008. Rockville, MD.

64. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults. Executive summary of the third report of the National Cholesterol Edu-
cation Program (NCEP) expert panel on detection, evaluation, and treatment of
high blood cholesterol in adults (adult treatment panel III). JAMA 2001;285(19):
2486–97.

65. Selph S, Dana T, Blazina I, et al. Screening for type 2 diabetes mellitus: a system-
atic review for the U.S. Preventive Services Task Force. Ann Intern Med 2015;
162(11):765–76.

66. American Diabetes Association. 2. Classification and diagnosis of diabetes. Dia-
betes Care 2020;43(Suppl 1):S14–31.

67. Harvie MN, Pegington M, Mattson MP, et al. The effects of intermittent or contin-
uous energy restriction on weight loss and metabolic disease risk markers: a ran-
domized trial in young overweight women. Int J Obes (Lond) 2011;35(5):714–27.

68. Longo VD, Panda S. Fasting, circadian rhythms, and time-restricted feeding in
healthy lifespan. Cell Metab 2016;23(6):1048–59.

69. Orbera Intragastric Balloon [package insert]. Austin, TX: Apollo Endosurgery;
2015.

70. Courcoulas A, Abu Dayyeh BK, Eaton L, et al. Intragastric balloon as an adjunct
to lifestyle intervention: a randomized controlled trial. Int J Obes (Lond) 2017;
41(3):427–33.

71. U.S. Food and Drug Administration. PMA P140008: FDA summary of safety and
effectiveness data. Available at: https://www.accessdata.fda.gov/cdrh_docs/
pdf14/P140008b.pdf. Accessed February 24, 2020.

72. Obalon Balloon System [package insert]. Carlsbad, CA: Obalon Therapeutics,
Inc; 2016.

73. Sullivan S, Swain JM, Woodman G, et al. The Obalon Swallowable 6-Month
Balloon System is More Effective Than Moderate Intensity Lifestyle Therapy
Alone: Results From a 6- Month Randomized Sham Controlled Trial. Gastroenter-
ology 2016;150(4):S1267.

74. U.S. Food and Drug Administration. PMA P160001: FDA summary of safety and
effectiveness data. Available at: https://www.accessdata.fda.gov/cdrh_docs/
pdf16/P160001b.pdf. Accessed February 24, 2020.

75. AspireAssist [package insert]. King of Prussia, PA: Aspire Bariatrics; 2016.
76. Thompson CC, Dayyeh BKA, Kushner R, et al. The AspireAssist is an effective

tool in the treatment of class II and class III obesity: results of a one-year clinical
trial. Gastroenterology 2016;150(4):S86.

77. Gelesis Inc. Plenity [package insert]. Boston: Gelesis, Inc; 2019.
78. Greenway FL, Aronne LJ, Raben A, et al. A randomized, double-blind, placebo-

controlled study of Gelesis100: a novel nonsystemic oral hydrogel for weight loss.
Obesity (Silver Spring) 2019;27(2):205–16.

79. TransPyloric Shuttle [package insert]. San Carlos, CA: BAROnova, Inc; 2019.
80. U.S. Food and Drug Administration. PMA P180024: FDA summary of safety and

effectiveness data. Available at: https://www.accessdata.fda.gov/cdrh_docs/
pdf18/P180024B.pdf. Accessed February 24, 2020.
o para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 24,
 uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos

 reservados.

http://refhub.elsevier.com/S0025-7125(20)30096-1/sref62
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref62
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref62
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref63
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref63
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref64
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref64
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref64
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref64
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref64
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref65
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref65
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref65
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref66
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref66
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref67
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref67
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref67
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref68
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref68
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref69
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref69
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref70
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref70
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref70
https://www.accessdata.fda.gov/cdrh_docs/pdf14/P140008b.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf14/P140008b.pdf
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref72
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref72
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref73
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref73
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref73
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref73
https://www.accessdata.fda.gov/cdrh_docs/pdf16/P160001b.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf16/P160001b.pdf
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref75
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref76
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref76
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref76
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref77
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref78
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref78
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref78
http://refhub.elsevier.com/S0025-7125(20)30096-1/sref79
https://www.accessdata.fda.gov/cdrh_docs/pdf18/P180024B.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf18/P180024B.pdf

	Best Practices in the Management of Overweight and Obesity
	Key points
	Introduction
	Causes and pathophysiology
	Clinical Evaluation
	History
	Physical examination
	Laboratory data

	Management
	Lifestyle modification
	Nutrition
	Physical activity
	Behavior
	Pharmacotherapy
	Phentermine
	Orlistat
	Phentermine/topiramate extended release
	Naltrexone/bupropion extended release
	Liraglutide 3.0
	Bariatric surgery and devices
	Laparoscopic sleeve gastrectomy
	Roux-en-Y gastric bypass
	Laparoscopic adjustable gastric band
	Antiobesity devices
	Intragastric balloons
	Aspiration therapy
	Hydrogel capsules
	TransPyloric Shuttle
	Future directions


	Summary
	Clinics care points
	References


