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Abstract

IMPORTANCE—Obesity affects approximately 42% of US adults and is associated with 

increased rates of type 2 diabetes, hypertension, cardiovascular disease, sleep disorders, 

osteoarthritis, and premature death.

OBSERVATIONS—A body mass index (BMI) of 25 or greater is commonly used to define 

overweight, and a BMI of 30 or greater to define obesity, with lower thresholds for Asian 

populations (BMI ≥25-27.5), although use of BMI alone is not recommended to determine 

individual risk. Individuals with obesity have higher rates of incident cardiovascular disease. In 

men with a BMI of 30 to 39, cardiovascular event rates are 20.21 per 1000 person-years compared 

with 13.72 per 1000 person-years in men with a normal BMI. In women with a BMI of 30 to 

39.9, cardiovascular event rates are 9.97 per 1000 person-years compared with 6.37 per 1000 

person-years in women with a normal BMI. Among people with obesity, 5% to 10% weight 

loss improves systolic blood pressure by about 3 mm Hg for those with hypertension, and may 

decrease hemoglobin A1c by 0.6% to 1% for those with type 2 diabetes. Evidence-based obesity 

treatment includes interventions addressing 5 major categories: behavioral interventions, nutrition, 
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physical activity, pharmacotherapy, and metabolic/bariatric procedures. Comprehensive obesity 

care plans combine appropriate interventions for individual patients. Multicomponent behavioral 

interventions, ideally consisting of at least 14 sessions in 6 months to promote lifestyle changes, 

including components such as weight self-monitoring, dietary and physical activity counseling, 

and problem solving, often produce 5% to 10% weight loss, although weight regain occurs 

in 25% or more of participants at 2-year follow-up. Effective nutritional approaches focus on 

reducing total caloric intake and dietary strategies based on patient preferences. Physical activity 

without calorie reduction typically causes less weight loss (2-3 kg) but is important for weight-

loss maintenance. Commonly prescribed medications such as antidepressants (eg, mirtazapine, 

amitriptyline) and antihyperglycemics such as glyburide or insulin cause weight gain, and 

clinicians should review and consider alternatives. Antiobesity medications are recommended for 

nonpregnant patients with obesity or overweight and weight-related comorbidities in conjunction 

with lifestyle modifications. Six medications are currently approved by the US Food and Drug 

Administration for long-term use: glucagon-like peptide receptor 1 (GLP-1) agonists (semaglutide 

and liraglutide only), tirzepatide (a glucose-dependent insulinotropic polypeptide/GLP-1 agonist), 

phentermine-topiramate, naltrexone-bupropion, and orlistat. Of these, tirzepatide has the greatest 

effect, with mean weight loss of 21% at 72 weeks. Endoscopic procedures (ie, intragastric balloon 

and endoscopic sleeve gastroplasty) can attain 10% to 13% weight loss at 6 months. Weight loss 

from metabolic and bariatric surgeries (ie, laparoscopic sleeve gastrectomy and Roux-en-Y gastric 

bypass) ranges from 25% to 30% at 12 months. Maintaining long-term weight loss is difficult, and 

clinical guidelines support the use of long-term antiobesity medications when weight maintenance 

is inadequate with lifestyle interventions alone.

CONCLUSION AND RELEVANCE—Obesity affects approximately 42% of adults in the US. 

Behavioral interventions can attain approximately 5% to 10% weight loss, GLP-1 agonists and 

glucose-dependent insulinotropic polypeptide/GLP-1 receptor agonists can attain approximately 

8% to 21% weight loss, and bariatric surgery can attain approximately 25% to 30% weight 

loss. Comprehensive, evidence-based obesity treatment combines behavioral interventions, 

nutrition, physical activity, pharmacotherapy, and metabolic/bariatric procedures as appropriate 

for individual patients.

Obesity, currently defined as a body mass index (BMI) of 30 or greater, affects 800 

million people worldwide.1 In the United States, approximately 42% of adults have 

obesity,2 and obesity-related costs are estimated at $173 billion annually.3 Obesity is a 

chronic disease defined by excess adiposity with structural and functional consequences 

resulting in increased risk of comorbidities and premature mortality.4,5 Obesity is often 

associated with stigma, which impairs quality of life and increases morbidity.6 Obesity bias 

contributes to decreased use of preventive cancer screenings among patients with obesity, 

particularly in women.7 Weight loss improves glucose, lipids, blood pressure, and obesity-

related comorbidities,4,5,8 and clinicians can offer multiple effective obesity treatments.9–11 

This Review summarizes current evidence regarding the pathophysiology, diagnosis, and 

treatment of obesity.
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Methods

We reviewed 9 clinical practice guidelines from relevant medical associations published in 

the last 10 years.4–6,9–14 We then conducted a PubMed search on March 1, 2023, which 

identified 2418 obesity-related systematic reviews and meta-analyses published since 2018. 

We performed 3 additional PubMed searches on March 6, 2023, to identify systematic 

reviews of antiobesity medications published since 2018 (127 articles), clinical practice 

guidelines for obesity published since 2018 (135 articles), and randomized clinical trials 

(RCTs) published since 2021 on glucagon-like peptide 1 (GLP-1) and glucose-dependent 

insulinotropic polypeptide/GLP-1 receptor agonists to identify studies of newer medications 

(210 articles). We reviewed high-quality studies referenced in these articles as well as 

policy guidelines released during the writing of this article. A total of 126 articles were 

selected for this Review, consisting of 26 RCTs, 29 meta-analyses/systematic reviews, 14 

longitudinal/population-based studies, 15 clinical practice guidelines, 4 policy guidelines, 2 

cross-sectional studies, 2 study/intervention descriptions, and 34 narrative reviews. Highest-

quality articles and those most relevant to general medical practice were prioritized for 

inclusion.

Epidemiology

The prevalence of obesity worldwide increased between 1975 and 2014 from 3.2% to 10.8% 

in men and from 6.4% to 14.9% in women.15 By 2025, it is anticipated that 18% of men 

and 21% of women worldwide will have obesity.15 The prevalence of obesity in the US 

is higher: 17.4% of non-Hispanic Asian (22.4% using Asian-specific cutoffs16), 49.6% of 

non-Hispanic Black, 44.8% of Hispanic, and 42.2% of non-Hispanic White adults have 

obesity.2 It is anticipated that by 2030, 48.9% of US adults will have obesity and that racial 

differences in rates of obesity will increase.17 The World Health Organization Acceleration 

Plan to Stop Obesity, adopted in 2022, outlines multisectoral policies, including taxes on 

sugar-sweetened beverages and subsidies to promote healthy diets, school nutrition reforms, 

and reductions in physical inactivity, with the goal of attaining a major reduction in obesity 

by 2030.1

Risk Factors

Obesity reflects a chronic energy imbalance, with greater calorie consumption than energy 

expenditure,18 and is influenced by multiple factors. Genetic variants are implicated in its 

development.19 Most forms of obesity have polygenic risk factors with several variants 

strongly associated with BMI, while obesity due to a single gene variant is rare.19 The 

environment influences the relationship between genetics and obesity risk.19 Adverse 

workplace, school, social, and home environments, known as “obesogenic environments,” 

affect physical and social structures.20 For example, greater availability of fast-food 

restaurants, poor neighborhood walkability, and perceived safety risks can limit physical 

activity and healthy food options.20 There is a bidirectional association between depression 

and obesity, wherein each diagnosis is associated with increased risk of developing the 

other.21 Additional risks include insufficient sleep and low socioeconomic status, in part 
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mediated by chronic stress and food insecurity, which are commonly experienced by racial 

and ethnic minority populations.22

Pathophysiology of Obesity

Influenced by genetic expression, energy homeostasis is determined by feedback between 

circulating neuropeptide hormones and the central nervous system.19,23 The gut-brain axis 

responds to peripheral signals from the gastrointestinal tract, adipose tissue, and circulating 

hormones to stimulate or inhibit central neurons based on satiety or hunger.24 Dysregulation 

of this system develops in obesity, often leading to increased hunger and decreased satiety.18 

Hormones involved in this process include leptin and ghrelin.18 Additionally, hormone 

response and metabolic adaptation promote weight regain.18

Obesity increases rates of comorbid conditions through pathophysiologic and mechanical 

changes related to excess adiposity and increased weight.23,24 Related conditions include 

asthma, type 2 diabetes, hypertension, obstructive sleep apnea, osteoarthritis, and 

cardiovascular disease (CVD).4,5 Compared with normal BMI, obesity is associated with 

higher rates of incident CVD events, eg, in a pooled cohort of adults aged 40 to 59 years 

with 856 523 person-years of follow-up, cardiovascular event rates were 20.21 per 1000 

person-years in men with a BMI of 30 to 39.9 compared with 13.72 per 1000 person-years 

in men with a normal BMI.25 Cardiovascular event rates were 9.97 per 1000 person-years 

in women with a BMI of 30 to 39.9 compared with 6.37 per 1000 person-years in women 

with a normal BMI.25 Even among patients with obesity without other CVD risk factors, 

the long-term incidence of CVD is increased compared with people without obesity.26 

Weight-related cardiometabolic abnormalities occur due to excess visceral adipose tissue 

(and possibly an impaired ability to deposit fat into the peripheral adipose tissue such as the 

gluteofemoral fat compartment), which secretes hormones and proinflammatory cytokines, 

leading to low-grade systemic inflammation.23,24,27 Lipid deposition into adipose tissue 

and occurrence of adiposity leads to anatomical changes such as increased pharyngeal 

soft tissue, contributing to obstructive sleep apnea or mechanical joint load that results in 

osteoarthritis.23

Diagnosis and Classification of Obesity

Body mass index, calculated as weight in kilograms divided by height in meters squared, 

is most commonly used to classify obesity on a population level.28 The World Health 

Organization uses BMI to define overweight (25-29.99), class I obesity (30-34.99), 

class II obesity (35-39.99), and class III obesity (≥40).28 Among Asian populations, 

cardiometabolic diseases occur at lower BMI levels; therefore, some expert guidelines 

recommend lower BMI thresholds (guidelines differ in thresholds of BMI ≥25 and ≥27.5 

for obesity).4,9,11 Clinical use of BMI is controversial, as it does not directly measure 

adiposity or account for individual differences in risk; therefore, additional measures can 

be used.29 For example, waist circumference is a marker of visceral adiposity associated 

with increased cardiometabolic risk,4,5 and guidelines recommend risk stratification based 

on waist circumference (≥102 cm for men and ≥88 cm for women) in patients with a BMI 

of 25 to 34.9.4–6 The Edmonton Obesity Staging System classifies risk based on several 
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factors independent of BMI6; higher severity scores are associated with increased all-cause 

mortality (hazard ratio, 2.69; 95% CI, 1.98-3.67).30

Screening for secondary causes of obesity may be considered based on history and physical 

examination, including hormonal abnormalities (eg, hypothyroidism, hypercortisolism), 

psychiatric diagnoses (eg, binge eating disorder), iatrogenic obesity (eg, medications), and 

genetic syndromes (eg, proopiomelanocortin deficiency).4 Assessment for weight-related 

comorbidities such as nonalcoholic fatty liver disease or obstructive sleep apnea (Table 1) is 

important to guide referrals and treatment.4,14

Patient-Centered Approach to Obesity Care

Evidence-based counseling strategies can help initiate treatment discussions with patients. 

For example, the 5As6 (Assess, Advise, Agree, Assist, Arrange) can guide shared decision-

making (Figure), and visits that use this approach are covered by Medicare for obesity. The 

clinician should begin by asking permission to talk to the patient about their weight and 

which terms the patient would prefer (ie, unhealthy weight, elevated BMI, overweight).34 

Each “A” can occur when appropriate during the clinician-patient discussion and/or over 

several visits, and each additional counseling step is associated with increased patient 

motivation to lose weight (odds ratio, 1.31; 95% CI, 1.11-1.55).35 Patients are also more 

likely to lose weight when clinicians communicate using a supportive, nonjudgmental 

approach.36

Establishing a supportive environment for patients with obesity can be facilitated with 

examination tables and chairs that accommodate all body sizes.37 Staff training on obesity 

and bias may improve the patient experience, including asking patients’ permission to be 

weighed and providing alternatives including weighing in a private room or self-report 

of weight.37 Given disparities in obesity prevalence by race, ethnicity, and income,17 

equitable access to obesity treatment must be considered.38 Clinicians should be aware of 

health insurance coverage, governmental nutrition programs, social determinants of health, 

psychosocial stressors, and weight and racial discrimination when treating obesity.38

Weight-Loss Goals

Setting personal weight-loss targets can increase the rate of achieving at least 10% weight 

loss at 12 months compared with not setting goals (68.2% vs 31.8% in a study of 24 447 

patients with obesity).39 Weight-loss goals should be individualized to patient preference, 

body composition, and comorbidities.5,8 A 5% weight loss may reduce systolic and diastolic 

blood pressure by 3 mm Hg and 2 mm Hg among those with hypertension, respectively; 

5% to 10% loss may decrease hemoglobin A1c by 0.6% to 1.0% among those with type 

2 diabetes and can increase high-density lipoprotein cholesterol level by 2 mg/dL [0.052 

mmol/L].5,8 A 10% to 15% loss may be required to improve other conditions (eg, hepatic 

steatosis, obstructive sleep apnea).8 Weight loss beyond 15% is associated with lower rates 

of all-cause mortality among those who undergo bariatric surgery and greater weight loss is 

associated with improved quality of life.8
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Selecting Treatment Options

Evidence-based obesity treatment combines interventions that can be organized into 5 

major categories: behavioral interventions, nutrition, physical activity, pharmacotherapy, and 

bariatric procedures.4–6,9–13 Comprehensive obesity care plans should include interventions 

from all appropriate categories, individualized at the patient level (Table 2).

Behavioral Interventions

All patients with obesity (or overweight with a cardiometabolic abnormality) should be 

offered or referred to intensive, multicomponent behavioral interventions within primary 

care, community settings or to evidence-based commercial programs (Table 3).4,6,13 

Moderate- to high-intensity programs include 12 or more sessions in the first year (ideally 

≥14 sessions in 6 months), followed by a maintenance phase for up to 24 months.5,11,13 

The Diabetes Prevention Program is covered by Medicare for eligible beneficiaries with 

prediabetes,63 while coverage by Medicaid varies by state; commercial health insurance 

plans may provide coverage for some weight-loss programs. Interventions include group, 

individual, or technology-based delivery for lifestyle changes, education, peer support, 

coaching, self-monitoring, cognitive restructuring, and goal setting.4,64 Interventions may 

also address insufficient sleep and chronic stress, which can negatively affect appetite and 

metabolism.65 Moderate- to high-intensity interventions often produce 5% to 10% weight 

loss (mean, −2.39 kg; 95% CI, −2.86 kg to −1.93 kg),64 with maximal loss achieved between 

6 and 12 months.5,13,64,66 Frequent self-weighing improves weight loss and weight loss 

maintenance.5,67,68

Weight regain is common after program cessation; in a study of 3739 participants, more 

than 25% of participants regained 2% or more of weight at 2-year follow-up.46 Weight 

loss typically plateaus after 6 months due to metabolic adaption and hormonal changes 

contributing to decreased adherence, but metabolic adaptation usually slows after 12 

months.18,67

Nutritional Approaches

Reduced caloric intake (500- to 750-kcal/d deficit, adjusted for individual body weight and 

activity) is advised for weight reduction.5 Specific strategies that can reduce energy intake 

and promote weight-loss maintenance include portion control, reduction or elimination of 

ultraprocessed foods (eg, sugar-sweetened beverages), and increased fruit and vegetable 

intake.67 Evidence-based healthy eating approaches can be selected based on individual 

preference, metabolic risk, and likelihood of long-term adherence.4,5,11 Table 3 provides 

examples of evidence-based dietary strategies associated with weight loss; additional plans 

such as DASH (Dietary Approaches to Stop Hypertension), when combined with caloric 

reduction, can also be considered.4 High-protein shakes or bars to replace 1 or 2 meals 

a day improves weight loss compared with diet alone (mean difference, −1.44 kg; 95% 

CI, −2.48 kg to −0.39 kg).5,69 However, very low-calorie diets (≤800 kcal/d) should be 

offered only under close medical supervision.5 While some evidence demonstrates weight 

loss and improved CVD risk factors with other popular weight-loss approaches (eg, time-
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restricted eating, intermittent fasting, ketogenic diet),70–72 clinical practice guidelines have 

not endorsed these strategies, and they may require dietitian support.

Physical Activity

Given its modest effect on weight, physical activity is not used as a stand-alone obesity 

treatment but helps with weight maintenance and cardiometabolic health.73 Moderate-

intensity aerobic exercise (defined as 50% to 70% of maximal heart rate) is associated 

with decreased visceral adiposity and modest weight loss (mean effect of −2 kg to −3 

kg).73,74 Resistance training (muscle strengthening) preserves lean/fat-free mass during 

weight loss.73,74 Clinical guidelines recommend that all patients participate in 150 to 

300 min/wk of moderate or 75 to 150 min/wk of vigorous physical activity, as well 

as resistance training 2 to 3 times a week.4,5,40 Clinicians can encourage nonsedentary 

behaviors throughout the day, such as walking for 2 minutes each hour or use of stairs.75 

Additional tools such as wearable activity trackers can encourage increased physical activity 

of an additional 1800 steps per day on average, or 0.5 to 1.5 kg of weight loss.76

Weight-Gain Effect of Common Medications

Many commonly used medications are associated with weight gain.12 Medication 

classes promoting weight gain include antihyperglycemics (eg, glyburide, insulin), 

antidepressants (eg, amitriptyline, mirtazapine), antipsychotics (eg, olanzapine, 

quetiapine), antiepileptics (eg, gabapentin, carbamazepine), β-blockers, progesterone-based 

contraceptives, corticosteroids, and antiretroviral therapy (eg, protease inhibitors).12,77 

Many weight gain-promoting medications increase the risk of weight-related complications, 

including CVD, diabetes, and hepatic steatosis.78

When initiating medications, clinicians should select therapies least likely to cause weight 

gain amongoptions with similar efficacy.12 When prescribing medications that promote 

weight gain, clinicians should counsel patients on the risk of weight gain, discuss lifestyle 

modifications, and monitor weight trajectory (eg, unintentional weight gain >2 kg in a 

month, ≥7% increase from baseline body weight).77 Metformin (1000 mg total daily dose) 

and topiramate (100 mg/d) counteract the effects of some weight gain-promoting agents, 

particularly antipsychotics and can be considered as adjunctive therapy (topiramate: mean 

difference, −3.76 kg; 95% CI, −4.92 kg to −2.69 kg; metformin: mean difference, −3.27 kg; 

95% CI, −4.66 kg to −1.89 kg).79,80

Antiobesity Medications

Significant advances in pharmacotherapy for obesity treatment have occurred with 

increasing numbers of medications approved by the US Food and Drug Administration 

(FDA). Among individuals with inadequate response to lifestyle modifications, guidelines 

recommend initiating an antiobesity medication in nonpregnant patients with obesity or with 

overweight (BMI ≥27) and weight-related complications (Table4).4,10,11 When initiating 

therapy, clinicians should consider dual health benefits of antiobesity medications. For 

example, in patients with diabetes, a GLP-1 receptor agonist can improve glycemic control 

and promote weight loss. Patients should be counseled that antiobesity medications must be 

used in conjunction with lifestyle changes and may need to be used lifelong since weight 
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regain is common on discontinuation.10,96 Use of weight-loss supplements, such as green tea 

extract or herbs, is not recommended.6,97

GLP-1 Receptor Agonists (Semaglutide and Liraglutide)

GLP-1 receptor agonists mimic the effects of GLP-1. After eating, GLP-1 acts on the 

hypothalamus to suppress appetite, delay gastric emptying, increase glucose-dependent 

insulin release, decrease glucagon secretion, and increase pancreatic β-cell growth.98

Subcutaneous semaglutide was FDA approved to treat obesity in 2021 and is dosed once 

weekly.10 The STEP trials examined the efficacy of semaglutide. The STEP 1 and STEP 

3 trials included individuals with obesity without diabetes (mean BMI, 38).81,99 In these 

clinical trials, mean weight loss at 68 weeks was 14.9% (placebo, 2.4%; difference, 

12.4%; 95% CI, 11.5%-13.4%) and 16.0% (placebo, 5.7%; difference, 10.3%; 95% CI, 

8.6%-12.0%), respectively.81,99 In STEP 1, participants were encouraged to follow a 

reduced-calorie diet and participate in 150 min/wk of physical activity.81 In STEP 3, 

participants started with low-calorie meal replacements for 8 weeks followed by a reduced-

calorie diet, a goal of 200 min/wk of physical activity, and 30 individual visits with a 

dietitian.99 After cessation of semaglutide, participants regained significant amounts of 

weight.96,100 Among participants followed up for an additional 52 weeks after completing 

68 weeks of semaglutide treatment, mean weight regain was 11.6% of lost weight.100 

In the STEP 4 trial, participants completed 20 weeks of semaglutide treatment and were 

transitioned to placebo for an additional 48 weeks.96 Mean weight regain was 6.9% of 

lost weight during the placebo administration.96 These results suggest that long-term use 

is necessary.96,100 In a clinical trial that randomized 667 adults with obesity without 

diabetes to either semaglutide or placebo for 68 weeks, mean weight loss with 50 mg/d oral 

semaglutide was 15.1% vs 2.4% for placebo.89 Oral semaglutide is not yet FDA approved 

for obesity alone.89

Subcutaneous liraglutide was FDA approved to treat obesity in 2014.10 In an RCT 

of 3731 individuals with obesity, compared with placebo, liraglutide achieved a mean 

weight loss of 8.0% at 56 weeks (difference, 5.4%; 95% CI, 5.8%-5.0%).85 Although 

it is dosed daily, it is widely used and preferred for some patients due to cost and 

availability. Systematic reviews and meta-analyses of GLP-1 receptor agonists reported 

that subcutaneous semaglutide reduced weight and improved weight-related comorbidities 

significantly more than liraglutide and was associated with lower rates of gastrointestinal 

adverse events.101,102

Both GLP-1 receptor agonists have been shown in a meta-analysis to decrease risk of 

CVD events in adults with overweight or obesity without diabetes (at follow-up of 32-160 

weeks, 8.7% of participants receiving GLP-1 receptor agonists and 11.2% receiving placebo 

had an event).82 The SELECT study showed that in 17 604 participants with CVD, with 

a BMI of 27 or greater, and without diabetes, those randomized to semaglutide, 2.4 

mg, vs placebo had a lower composite incidence of death due to cardiovascular events, 

nonfatal myocardial infarction, or nonfatal stroke at 39.8 months (hazard ratio, 0.80; 95% 

CI, 0.72-0.90).103 Among 529 patients with heart failure and preserved ejection fraction, 
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compared with placebo, semaglutide reduced heart failure-related symptoms and improved 

physical limitations.104

Tirzepatide

Tirzepatide is a synthetic peptide with dual-hormone agonistic activity at the GLP-1 

receptor, like semaglutide, and additionally at the glucose-dependent insulinotropic 

polypeptide receptor. Tirzepatide is dosed subcutaneously once weekly.42 An RCT of 2539 

adults with obesity and without diabetes randomized participants to 1 of 4 groups: 15 mg, 

10 mg, or 5 mg of tirzepatide or placebo; all participants received lifestyle counseling 

sessions, a reduced-calorie diet, and physical activity for 72 weeks.42 At 72-week follow-up, 

mean weight loss for tirzepatide was 20.9% for 15 mg of tirzepatide, 19.5% for 10 mg of 

tirzepatide, 15.0% for 5 mg of tirzepatide, and 3.1% for placebo.42 Tirzepatide was FDA 

approved for treatment of obesity in November 2023. A recent meta-analysis of RCTs that 

included 12 371 adults with overweight or obesity without diabetes reported that 15 mg 

weekly of tirzepatide was associated with greater weight loss compared with 2.4 mg weekly 

of subcutaneous semaglutide (mean difference, 5.1%; 95% CI, 0.6%-9.8%) and 3 mg daily 

of subcutaneous liraglutide (mean difference, 13.0%; 95% CI, 8.8%-17.4%).105

Phentermine-Topiramate

Combined oral phentermine-topiramate was FDA approved in 2012 for obesity.10 

Phentermine, a noradrenergic drug, reduces appetite and affects food intake via the 

enhancement of norepinephrine release and blockade of norepinephrine reuptake.106 

Topiramate’s exact weight-loss mechanism is unknown but is thought to alter appetite 

and decrease energy intake.106 A clinical trial randomized 1267 individuals with a BMI 

of 35 or greater to phentermine-topiramate, 3.75/23 mg/d; phentermine-topiramate, 15/92 

mg/d; or placebo.107 At 56-week follow-up, weight loss was 5.1% with the lower dose 

of phentermine-topiramate, 10.9% with the higher dose of phentermine-topiramate, and 

1.6% in the placebo group.107 In systematic reviews, phentermine-topiramate was associated 

with greater weight loss compared with orlistat and naltrexone-bupropion.108,109 Since 

topiramate is also used to prevent migraines, phentermine-topiramate may be considered in 

patients with obesity and migraine headaches.10

Naltrexone-Bupropion

The combination of oral naltrexone-bupropion was FDA approved for obesity in 

2014.10 Bupropion stimulates hypothalamic proopiomelanocortin neurons while naltrexone 

simultaneously blocks opioid-mediated proopiomelanocortin autoinhibition, which reduces 

reactivity to food cues and improves dysregulation of eating control in mesolimbic 

pathways.41 Both the Contrave Obesity Research I and II trials were conducted among 

individuals with a BMI of 30 to 45 ora BMI of 27 to 45 with dyslipidemia or 

hypertension (1742 and 1496 participants, respectively).110,111 Groups receiving naltrexone-

bupropion, 32/360 mg/d, achieved significant 56-week weight loss compared with placebo 

(approximately 6% and 1%, respectively).110,111 Naltrexone-bupropion may be considered 

in patients with obesity and comorbid depression or desire for smoking cessation or alcohol 

use reduction.10
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Orlistat

Orlistat is a pancreatic lipase inhibitor oral medication that prevents triglycerides from being 

hydrolyzed, thus deceasing the absorption of free fatty acids. Orlistat was FDA approved 

for obesity in 1999.10 Mean weight loss with orlistat is 2.8% to 4.8%, and gastrointestinal 

adverse effects are frequent, including flatulence, steatorrhea, and diarrhea.10,109 Orlistat 

may cause malabsorption of fat-soluble vitamins; thus, patients should take a multivitamin 

containing vitamins A, D, E, and K 2 hours apart from orlistat daily.10 Recent American 

Gastroenterological Association guidelines conditionally recommended against orlistat use 

given its modest weight loss and gastrointestinal adverse effects.10 It is available over the 

counter and may be appropriate for certain patients (eg, when other antiobesity medications 

are contraindicated, unavailable, or unaffordable).

Gelesis100

Gelesis100 is a nonsurgical device that was FDA approved in 2019 to treat obesity. It 

is a superabsorbent orally administered hydrogel capsule that releases cellulose and citric 

acid particles, thereby increasing bulk in the stomach and creating a sensation of satiety.10 

An RCT of 436 participants showed a mean weight loss of 2.1% more with Gelesis100 

compared with placebo (P < .001), and 59% of those receiving Gelesis100 attained 5% 

or greater weight loss compared with 42% of those receiving placebo (P < .001).112 It is 

indicated for those with a BMI of 25 to 40; given limited knowledge due to its recency, 

guidelines do not currently recommend its use.10 Gastrointestinal adverse effects occurred in 

38% of Gelesis100 participants and 28% of placebo participants.112

Antiobesity Medications Approved by the FDA for Short-Term Use

Four sympathomimetic oral amines, phentermine, diethylpropion, benzphetamine, and 

phendimetrazine are currently FDA approved for short-term use (12 weeks).10,113,114 These 

agents increase norepinephrine, leading to appetite suppression.113 While use beyond 12 

weeks is common, local laws and state medical boards should be consulted.12 Phentermine 

is the most commonly prescribed antiobesity medication115 and is an affordable alternative 

to other therapies, but it has sympathomimetic effects.116 Therefore, clinicians should 

avoid these medications in patients with a history of coronary artery disease, uncontrolled 

hypertension, glaucoma, and history of substance use disorder.12,116 Phentermine and 

diethylpropion are Schedule IV controlled substances but are associated with low risk of 

dependency or abuse.113,114,116 A recent review found that phentermine was not associated 

with increased risk of major adverse cardiac events compared with usual care.108

Medications Commonly Used Off Label for Long-Term Treatment

Table 4 lists several medications that are commonly used off label to treat obesity. 

Medications commonly used off label for obesity include Mounjaro (tirzepatide injection), 

Ozempic (semaglutide injection), Rybelsus (oral semaglutide), and Victoza (liraglutide 

injection). These brand names are approved by the FDA for diabetes only, and health 

insurance coverage may be restricted to their FDA-approved indication.
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Metformin

In RCTs and prospective studies, oral metformin was associated with approximately 3% 

weight loss, and approximately 25% to 50% of participants achieve at least 5% weight 

loss.94 The Diabetes Prevention Program randomized 3234 adults without diabetes to 

metformin, placebo, or intensive lifestyle intervention for the primary outcome of preventing 

diabetes.93 The mean weight loss at 15-year follow-up was 6.2% (95% CI, 5.2%-7.2%) for 

metformin, 3.7% (95% CI, 3.1%-4.4%) for intensive lifestyle intervention, and 2.8% for 

placebo (95% CI, 1.3%-4.4%).93 Doses of metformin greater than 1500 mg are associated 

with the greatest weight loss.93,94 Metformin’s pleiotropic effects include decreased 

inflammation, increased insulin and leptin sensitivity, and decreased hunger and ghrelin 

levels, especially with twice-daily dosing.94 Metformin is widely available and inexpensive. 

Metformin is frequently offered to patients with prediabetes, polycystic ovary syndrome, and 

overweight/obesity and to mitigate weight gain due to antipsychotic medication, although it 

is not FDA approved for these diagnoses.94

Challenges to Prescribing Antiobesity Medications in Clinical Practice

Medicare currently excludes coverage of FDA-approved antiobesity medications for a 

diagnosis of obesity alone. Often these medications are costly. Global shortages of some 

medications currently exist, especially GLP-1 receptor agonists. More studies are needed to 

determine dosing for weight loss vs weight maintenance and long-term use beyond studied 

time periods.

Bariatric Endoscopic Procedures

Currently, 2 bariatric endoscopic procedures are FDA approved: intragastric balloons and 

endoscopic sleeve gastroplasty.

Intragastric balloons occupy space in the stomach, delay gastric emptying, and increasing 

satiety.117 Patients with a BMI of 30 to 40 are eligible and typically require an upper 

endoscopy to place the balloon and fill it with saline. The devices are removed via 

endoscopy after 6 to 8 months. In a clinical trial of 255 patients with a BMI of 30 to 

40 randomized to lifestyle intervention plus balloon (placed for 6 months) vs lifestyle 

intervention alone, lifestyle intervention plus balloon reduced weight by 10.2% (range, 

9.6%-29.2%) compared with 3.3% (range, 5.4%-19%) for lifestyle intervention alone at 6 

months.117 Six months after balloon removal, patients regained some weight, with 7.6% vs 

3.1% total weight loss.117 Adverse effects include nausea/vomiting (20%) and abdominal 

pain (7%).118

Endoscopic sleeve gastroplasty is an organ-sparing, transoral endoscopic procedure designed 

to reduce stomach volume. In an RCT of 209 patients with obesity randomized to 

endoscopic sleeve gastroplasty plus lifestyle modifications (reduced-calorie diet and 

physical activity counseling) vs lifestyle modifications alone for 52 weeks,119 endoscopic 

sleeve gastroplasty achieved 13.6% weight loss compared with 0.8% with lifestyle 

modifications alone.119
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Both procedures should be considered based on patient preference, eligibility, benefits, risks, 

procedural contraindications (eg, hiatal hernia, gastric ulcers), and specialist availability.118

Metabolic and Bariatric Surgery

While previously limited to persons with a BMI of 40 or greater or patients with a BMI of 

35 or greater with weight-related comorbidity, recent guidelines recommend that metabolic 

and bariatric surgery should be considered for patients with a BMI of 35 or greater and 

patients with a BMI of 30 to 34.9 who have concurrent metabolic disease. Lower weight 

thresholds should be applied to Asian populations.9 For those with a BMI of less than 35, 

a trial of nonsurgical therapy is recommended prior to referral for metabolic and bariatric 

surgery.9 After referral to metabolic and bariatric surgery, patients are often evaluated by the 

surgical clinic, and time to surgery is determined by their preoperative evaluations and health 

insurance requirements for evaluations. Presurgical nutrition and mental health evaluations 

are recommended, with additional evaluations determined by the surgeon.9

Two metabolic and bariatric procedures comprise more than 90% of all surgeries: (1) 

laparoscopic sleeve gastrectomy (LSG), in which approximately 85% of the stomach is 

removed by separation along the greater curvature, and (2) Roux-en-Y gastric bypass 

(RYGB) surgery, in which a small gastric pouch is connected directly to the jejunum.43 Both 

are typically performed laparoscopically Expected 12-month weight loss is approximately 

25% after LSG and approximately 30% after RYGB, with sustained weight loss at 

5 years.44,120 Early complications include anastomotic leaks (LSG: 1%-7%; RYGB: 

0.6%-4.4%), stenosis (LSG: 1%-9%; RYGB: 8%-19%), postoperative bleeding (11%), and 

venous thromboembolic events (incidence not reported); late complications include internal 

hernia and marginal ulceration (RYGB: 2.5%-5%).121 Pre- and post-metabolic and bariatric 

surgery screening and supplementation for micronutrients (thiamin, vitamin B12, folate, iron, 

vitamin D, calcium, vitamin A, vitamin E, vitamin K, zinc, and copper) is recommended; 

typical doses vary based on surgical procedure.45

Follow-Up

Arranging follow-up visits for patients can promote weight loss, potentially by influencing 

behavior change and accountability.122 In the outpatient setting, close follow-up, ideally 

every 4 to 6 weeks, enables clinicians and care teams to support lifestyle changes and 

address adverse effects or complications of antiobesity medications. Procedural and surgical 

follow-up is determined by bariatric teams.

Weight-Loss Maintenance and Long-Term Obesity Management

Maintaining weight loss is difficult and may be supported by continued clinical 

intervention.123 In longitudinal observational studies, people who successfully maintain 

weight often use behavioral strategies, such as physical activity, regular self-weighing,67 a 

reduced-calorie diet, and a consistent eating pattern.124,125 Patients may need to increase 

their physical activity (>200 min/wk is often required).5 As pharmacotherapy produces 

greater weight-loss maintenance than lifestyle alone (eg, STEP 3 Trial: difference, 10.3%; 

95% CI, 8.6%-12.0%),12,99 clinical guidelines support long-term antiobesity medication 

Elmaleh-Sachs et al. Page 12

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



use.4,10 Similar to other chronic diseases, lifelong monitoring and treatment escalation may 

be required overtime. For example, rapid weight regain after bariatric surgery may signal a 

need for additional intervention, such as antiobesity medications.9,126

Limitations

This Review has several limitations. First, some relevant studies may have been missed. 

Second, a formal quality assessment of the literature was not performed. Third, many RCTs 

included relatively few people from racial and ethnic minority groups and relatively small 

proportions of men.81,99 Fourth, some RCTs had relatively poor follow-up rates or short 

durations.13,64 Fifth, some medications used for obesity, such as lisdexamfetamine for binge 

eating disorder or setmelanotide for rare forms of obesity, were beyond the scope of this 

Review.

Conclusions

Obesity affects approximately 42% of adults in the US. Behavioral interventions can 

attain approximately 5% to 10% weight loss, GLP-1 and glucose-dependent insulinotropic 

polypeptide/GLP-1 receptor agonists attain approximately 8% to 21% weight loss, and 

bariatric surgery attains approximately 25% to 30% weight loss. Comprehensive, evidence-

based obesity treatment combines behavioral interventions, nutrition, physical activity, 

pharmacotherapy, and metabolic/bariatric procedures as appropriate for individual patients.

Conflict of Interest Disclosures:

Dr Schwartz reported receipt of research support from the Ardmore Institute of Health. Drs Schwartz and Gudzune 
reported receipt of a grant from Novo Nordisk (to develop and test a clinical decision support tool for obesity 
treatment in primary care settings). Dr Nicklas reported receiving research funding through her institution from the 
McGowan Charitable Fund, Eli Lilly, and Cleerly Inc. Dr Gudzune reported receipt of personal fees from Eli Lilly, 
Novo Nordisk, the American Board of Obesity Medicine, and Johns Hopkins ACG System. No other disclosures 
were reported.

REFERENCES

1. World Health Organization. WHO acceleration plan to stop obesity. Updated July 3, 2023. Accessed 
August 24, 2023. https://www.who.int/publications/i/item/9789240075634

2. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity and severe obesity among 
adults: United States, 2017-2018. NCHS Data Brief. 2020;(360):1–8.

3. Ward ZJ, Bleich SN, Long MW, Gortmaker SL. Association of body mass index with health care 
expenditures in the United States by age and sex. PLoS One. 2021;16(3):e0247307. doi:10.1371/
journal.pone.0247307 [PubMed: 33760880] 

4. Garvey WT, Mechanick JI, Brett EM, et al. ; Reviewers of the AACE/ACE Obesity Clinical 
Practice Guidelines. American Association of Clinical Endocrinologists and American College of 
Endocrinology Comprehensive clinical practice guidelines for medical care of patients with obesity. 
Endocr Pract. 2016;22(suppl 3):1–203. doi:10.4158/EP161365.GL

5. Jensen MD, Ryan DH, Apovian CM, et al. ; American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines; Obesity Society. 2013 AHA/ACC/TOS guideline 
for the management of overweight and obesity in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines and the Obesity Society. 
Circulation. 2014;129(25)(suppl 2):S102–S138. doi:10.1161/01.cir.0000437739.71477.ee [PubMed: 
24222017] 

Elmaleh-Sachs et al. Page 13

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.who.int/publications/i/item/9789240075634


6. Wharton S, Lau DCW, Vallis M, et al. Obesity in adults: a clinical practice guideline. CMAJ. 
2020;192(31):E875–E891. doi:10.1503/cmaj.191707 [PubMed: 32753461] 

7. Graham Y, Hayes C, Cox J, Mahawar K, Fox A, Yemm H. A systematic review of obesity as 
a barrier to accessing cancer screening services. Obes Sci Pract. 2022;8(6):715–727. doi:10.1002/
osp4.606 [PubMed: 36483123] 

8. Ryan DH, Yockey SR. Weight loss and improvement in comorbidity: differences at 5%, 10%, 
15%, and over. Curr Obes Rep. 2017;6(2):187–194. doi:10.1007/s13679-017-0262-y [PubMed: 
28455679] 

9. Eisenberg D, Shikora SA, Aarts E, et al. 2022 American Society for Metabolic and Bariatric Surgery 
(ASMBS) and International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO): 
indications for metabolic and bariatric surgery. Surg Obes Relat Dis. 2022;18(12):1345–1356. 
doi:10.1016/j.soard.2022.08.013 [PubMed: 36280539] 

10. Grunvald E, Shah R, Hernaez R, et al. ; AGA Clinical Guidelines Committee. AGA clinical 
practice guideline on pharmacological interventions for adults with obesity. Gastroenterology. 
2022;163(5):1198–1225. doi:10.1053/j.gastro.2022.08.045 [PubMed: 36273831] 

11. American Diabetes Association Professional Practice Committee. Obesity and weight management 
for the prevention and treatment of type 2 diabetes: standards of medical care in diabetes–2022. 
Diabetes Care. 2022;45(suppl 1):S113–S124. doi:10.2337/dc22-S008 [PubMed: 34964843] 

12. Apovian CM, Aronne LJ, Bessesen DH, et al. ; Endocrine Society. Pharmacological management 
of obesity: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 
2015;100(2):342–362. doi:10.1210/jc.2014-3415 [PubMed: 25590212] 

13. Curry SJ, Krist AH, Owens DK, et al. ; US Preventive Services Task Force. Behavioral weight 
loss interventions to prevent obesity-related morbidity and mortality in adults: US Preventive 
Services Task force recommendation statement. JAMA. 2018;320(11):1163–1171. doi:10.1001/
jama.2018.13022 [PubMed: 30326502] 

14. Department of Veterans Affairs; Department of Defense. VA/DoD Clinical Practice 
Guideline for the Management of Adult Overweight and Obesity. Version 3.0. 
Published 2020. Accessed June 19, 2023. https://www.healthquality.va.gov/guidelines/CD/obesity/
VADoDObesityCPGFinal5087242020.pdf

15. NCD Risk Factor Collaboration. Trends in adult body-mass index in 200 countries from 
1975 to 2014: a pooled analysis of 1698 population-based measurement studies with 19·2 
million participants. Lancet. 2016;387(10026):1377–1396. doi:10.1016/S0140-6736(16)30054-X 
[PubMed: 27115820] 

16. Shah NS, Luncheon C, Kandula NR, et al. Heterogeneity in obesity prevalence among Asian 
American adults. Ann intern Med. 2022;175(11):1493–1500. doi:10.7326/M22-0609 [PubMed: 
36191316] 

17. 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):2440–2450. doi:10.1056/NEJMsa1909301 [PubMed: 
31851800] 

18. Oussaada SM, van Galen KA, Cooiman MI, et al. The pathogenesis of obesity. Metabolism. 
2019;92:26–36. doi:10.1016/j.metabol.2018.12.012 [PubMed: 30639246] 

19. Loos RJF, Yeo GSH. The genetics of obesity: from discovery to biology. Nat Rev Genet. 
2022;23(2):120–133. doi:10.1038/s41576-021-00414-z [PubMed: 34556834] 

20. Lovasi GS, Hutson MA, Guerra M, Neckerman KM. Built environments and obesity in 
disadvantaged populations. Epidemiol Rev. 2009;31:7–20. doi:10.1093/epirev/mxp005 [PubMed: 
19589839] 

21. Luppino FS, de Wit LM, Bouvy PF, et al. Overweight, obesity, and depression: a systematic review 
and meta-analysis of longitudinal studies. Arch Gen Psychiatry. 2010;67(3):220–229. doi:10.1001/
archgenpsychiatry.2010.2 [PubMed: 20194822] 

22. Anekwe CV, Jarrell AR, Townsend MJ, Gaudier GI, Hiserodt JM, Stanford FC. Socioeconomics 
of obesity. Curr Obes Rep. 2020;9(3):272–279. doi:10.1007/s13679-020-00398-7 [PubMed: 
32627133] 

23. Heymsfield SB, Wadden TA. Mechanisms, pathophysiology, and management of obesity. N Engl J 
Med. 2017;376(3):254–266. doi:10.1056/NEJMra1514009 [PubMed: 28099824] 

Elmaleh-Sachs et al. Page 14

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.healthquality.va.gov/guidelines/CD/obesity/VADoDObesityCPGFinal5087242020.pdf
https://www.healthquality.va.gov/guidelines/CD/obesity/VADoDObesityCPGFinal5087242020.pdf


24. Kessler C. Pathophysiology of obesity. Nuts Clin North Am. 2021;56(4):465–478. doi:10.1016/
j.cnur.2021.08.001

25. Khan SS, Ning H, Wilkins JT, et al. Association of body mass index with lifetime risk 
of cardiovascular disease and compression of morbidity. JAMA Cardiol. 2018;3(4):280–287. 
doi:10.1001/jamacardio.2018.0022 [PubMed: 29490333] 

26. Iacobini C, Pugliese G, Blasetti Fantauzzi C, Federici M, Menini S. Metabolically healthy versus 
metabolically unhealthy obesity. Metabolism. 2019;92:51–60. doi:10.1016/j.metabol.2018.11.009 
[PubMed: 30458177] 

27. Lotta LA, Wittemans LBL, Zuber V, et al. Association of genetic variants related to gluteofemoral 
vs abdominal fat distribution with type 2 diabetes, coronary disease, and cardiovascular risk 
factors. JAMA. 2018;320(24):2553–2563. doi:10.1001/jama.2018.19329 [PubMed: 30575882] 

28. Obesity: preventing and managing the global epidemic: report of a WHO consultation. World 
Health Organ Tech Rep Ser. 2000;894:1–253.

29. American Medical Association. AMA adopts new policy clarifying role of BMI as a measure in 
medicine. Updated June 14, 2023. Accessed July 17, 2023. https://www.ama-assn.org/press-center/
press-releases/ama-adopts-new-policy-clarifying-role-bmi-measure-medicine

30. Padwal RS, Pajewski NM, Allison DB, Sharma AM. Using the Edmonton Obesity Staging System 
to predict mortality in a population-representative cohort of people with overweight and obesity. 
CMAJ. 2011;183(14):E1059–E1066. doi:10.1503/cmaj.110387 [PubMed: 21844111] 

31. Fitzpatrick SL, Wischenka D, Appelhans BM, et al. An evidence-based guide for obesity treatment 
in primary care. Am J Med. 2016;129(1):115.e1–115.e7. doi:10.1016/j.amjmed.2015.07.015

32. Centers for Medicare & Medicaid Services. CMS Manual System publication 100-04: Medicare 
claims processing: transmittal 2421: intensive behavioral therapy for obesity. Published March 
7, 2012. Accessed April 3, 2023. https://www.cms.gov/Regulations-and-Guidance/Guidance/
Transmittals/downloads/R2421CP.pdf

33. Serdula MK, Khan LK, Dietz WH. Weight loss counseling revisited. JAMA. 2003;289(14):1747–
1750. doi:10.1001/jama.289.14.1747 [PubMed: 12684339] 

34. Gallagher C, Corl A, Dietz WH. Weight can’t wait: a guide to discussing obesity and organizing 
treatment in the primary care setting. Obesity (Silver-Spring). 2021;29(5):821–824. doi:10.1002/
oby.23154 [PubMed: 33899338] 

35. Jay M, Gillespie C, Schlair S, Sherman S, Kalet A. Physicians’ use of the 5As in counseling 
obese patients: is the quality of counseling associated with patients’ motivation and intention 
to lose weight? BMC Health Serv Res. 2010;10:159. doi:10.1186/1472-6963-10-159 [PubMed: 
20534160] 

36. Gudzune KA, Bennett WL, Cooper LA, Bleich SN. Perceived judgment about weight can 
negatively influence weight loss: a cross-sectional study of overweight and obese patients. Prev 
Med. 2014;62:103–107. doi:10.1016/j.ypmed.2014.02.001 [PubMed: 24521530] 

37. Phelan SM, Burgess DJ, Yeazel MW, Hellerstedt WL, Griffin JM, van Ryn M. Impact of 
weight bias and stigma on quality of care and outcomes for patients with obesity. Obes Rev. 
2015;16(4):319–326. doi:10.1111/obr.12266 [PubMed: 25752756] 

38. Herbozo S, Brown KL, Burke NL, LaRose JG. a call to reconceptualize obesity treatment in 
service of health equity: review of evidence and future directions. Curr Obes Rep. 2023;12(1):24–
35. doi:10.1007/s13679-023-00493-5 [PubMed: 36729299] 

39. Avery A, Langley-Evans SC, Harrington M, Swift JA. Setting targets leads to greater long-
term weight losses and “unrealistic” targets increase the effect in a large community-based 
commercial weight management group. J Hum Nutr Diet. 2016;29(6):687–696. doi:10.1111/
jhn.12390 [PubMed: 27302147] 

40. Piercy KL, Troiano RP, Ballard RM, et al. The Physical Activity Guidelines for Americans. JAMA. 
2018;320(19):2020–2028. doi:10.1001/jama.2018.14854 [PubMed: 30418471] 

41. Sherman MM, Ungureanu S, Rey JA. Naltrexone/bupropion ER (Contrave): newly approved 
treatment option for chronic weight management in obese adults. P T. 2016;41(3):164–172. 
[PubMed: 26957883] 

Elmaleh-Sachs et al. Page 15

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ama-assn.org/press-center/press-releases/ama-adopts-new-policy-clarifying-role-bmi-measure-medicine
https://www.ama-assn.org/press-center/press-releases/ama-adopts-new-policy-clarifying-role-bmi-measure-medicine
https://www.cms.gov/Regulations-and-Guidance/Guidance/Transmittals/downloads/R2421CP.pdf
https://www.cms.gov/Regulations-and-Guidance/Guidance/Transmittals/downloads/R2421CP.pdf


42. Jastreboff AM, Aronne LJ, Ahmad NN, et al. ; SURMOUNT-1 Investigators. Tirzepatide 
once weekly for the treatment of obesity. N Engl J Med. 2022;387(3):205–216. doi:10.1056/
NEJMoa2206038 [PubMed: 35658024] 

43. Peterli R, Wölnerhanssen BK, Peters T, et al. Effect of laparoscopic sleeve gastrectomy vs 
laparoscopic Roux-en-Y gastric bypass on weight loss in patients with morbid obesity: the 
SM-BOSS randomized clinical trial. JAMA. 2018;319(3):255–265. doi:10.1001/jama.2017.20897 
[PubMed: 29340679] 

44. Bramante C, Wise E, Chaudhry Z. Care of the patient after metabolic and bariatric surgery. Ann 
Intern Med. 2022;175(5):ITC65–ITC80. doi:10.7326/AITC202205170 [PubMed: 35533387] 

45. Parrott J, Frank L, Rabena R, Craggs-Dino L, Isom KA, Greiman L. American Society for 
Metabolic and Bariatric Surgery integrated health nutritional guidelines for the surgical weight 
loss patient 2016 update: micronutrients. Surg Obes Relat Dis. 2017;13(5):727–741. doi:10.1016/
j.soard.2016.12.018 [PubMed: 28392254] 

46. Chao AM, Wadden TA, Berkowitz RI, et al. ; Look AHEAD Research Group. Weight change 2 
years after termination of the intensive lifestyle intervention in the Look AHEAD study. Obesity 
(Silver-Spring). 2020;28(5):893–901. doi:10.1002/oby.22769 [PubMed: 32320144] 

47. Chao AM, Quigley KM, Wadden TA. Dietary interventions for obesity: clinical and mechanistic 
findings. J Clin Invest. 2021;131(1):e140065. doi:10.1172/JCI140065 [PubMed: 33393504] 

48. US Department of Agriculture; US Department of Health and Human Services. 
Dietary Guidelines for Americans, 2020-2025. 9th ed. Published December 
2020. Accessed April 3, 2023. https://www.dietaryguidelines.gov/sites/default/files/2021-03/
Dietary_Guidelines_for_Americans-2020-2025.pdf

49. Gudzune KA, Doshi RS, Mehta AK, et al. Efficacy of commercial weight-loss programs: 
an updated systematic review. Ann Intern Med. 2015;162(7):501–512. doi:10.7326/M14-2238 
[PubMed: 25844997] 

50. Johnston BC, Kanters S, Bandayrel K, et al. Comparison of weight loss among named 
diet programs in overweight and obese adults: a meta-analysis. JAMA. 2014;312(9):923–933. 
doi:10.1001/jama.2014.10397 [PubMed: 25182101] 

51. Laudenslager M, Chaudhry ZW, Rajagopal S, Clynes S, Gudzune KA. Commercial weight 
loss programs in the management of obesity: an update. Curr Obes Rep. 2021;10(2):90–99. 
doi:10.1007/s13679-021-00428-y [PubMed: 33609270] 

52. Diabetes Prevention Program Research Group. The Diabetes Prevention Program (DPP): 
description of lifestyle intervention. Diabetes Care. 2002;25(12):2165–2171. doi:10.2337/
diacare.25.12.2165 [PubMed: 12453955] 

53. Ackermann RT, Liss DT, Finch EA, et al. A randomized comparative effectiveness trial 
for preventing type 2 diabetes. Am J Public Health. 2015;105(11):2328–2334. doi:10.2105/
AJPH.2015.302641 [PubMed: 26378828] 

54. Diabetes Prevention Program Research Group. Long-term effects of lifestyle intervention or 
metformin on diabetes development and microvascular complications over 15-year follow-up: the 
Diabetes Prevention Program Outcomes Study. Lancet Diabetes Endocrinol. 2015;3(11):866–875. 
doi:10.1016/S2213-8587(15)00291-0 [PubMed: 26377054] 

55. Zhou X, Siegel KR, Ng BP, et al. Cost-effectiveness of diabetes prevention interventions 
targeting high-risk individuals and whole populations: a systematic review. Diabetes Care. 
2020;43(7):1593–1616. doi:10.2337/dci20-0018 [PubMed: 33534726] 

56. Department of Veterans Affairs. MOVE! weight management program. Accessed July 14, 2023. 
https://www.move.va.gov/MOVE/vetworkbook.asp#fullworkbook

57. Tran E, Dale HF, Jensen C, Lied GA. Effects of plant-based diets on weight status: a systematic 
review. Diabetes Metab Syndr Obes. 2020;13:3433–3448. doi:10.2147/DMSO.S272802 [PubMed: 
33061504] 

58. Lichtenstein AH, Appel LJ, Vadiveloo M, et al. 2021 Dietary guidance to improve 
cardiovascular health: a scientific statement from the American Heart Association. Circulation. 
2021;144(23):e472–e487. doi:10.1161/CIR.0000000000001031 [PubMed: 34724806] 

59. Ge L, Sadeghirad B, Ball GDC, et al. Comparison of dietary macronutrient patterns of 14 
popular named dietary programmes for weight and cardiovascular risk factor reduction in 

Elmaleh-Sachs et al. Page 16

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_Guidelines_for_Americans-2020-2025.pdf
https://www.dietaryguidelines.gov/sites/default/files/2021-03/Dietary_Guidelines_for_Americans-2020-2025.pdf
https://www.move.va.gov/MOVE/vetworkbook.asp#fullworkbook


adults: systematic review and network meta-analysis of randomised trials. BMJ. 2020;369:m696. 
doi:10.1136/bmj.m696 [PubMed: 32238384] 

60. Willems AEM, Sura-de Jong M, van Beek AP, Nederhof E, van Dijk G. Effects of macronutrient 
intake in obesity: a meta-analysis of low-carbohydrate and low-fat diets on markers of 
the metabolic syndrome. Nutr Rev. 2021;79(4):429–444. doi:10.1093/nutrit/nuaa044 [PubMed: 
32885229] 

61. Salas-Salvadó J, Díaz-López A, Ruiz-Canela M, et al. ; PREDIMED-Plus Investigators. Effect of 
a lifestyle intervention program with energy-restricted Mediterranean diet and exercise on weight 
loss and cardiovascular risk factors: one-year results of the PREDIMED-Plus trial. Diabetes Care. 
2019;42(5):777–788. doi:10.2337/dc18-0836 [PubMed: 30389673] 

62. Maciejewski ML, Shepherd-Banigan M, Raffa SD, Weidenbacher HJ. Systematic review of 
behavioral weight management program MOVE! for veterans. Am J Prev Med. 2018;54(5):704–
714. doi:10.1016/j.amepre.2018.01.029 [PubMed: 29550164] 

63. Gudzune KA, Clark JM. Role of commercial weight-loss programs in medical management of 
obesity. Endocrinol Metab Clin North Am. 2020;49(2):275–287. doi:10.1016/j.ecl.2020.02.006 
[PubMed: 32418590] 

64. LeBlanc ES, Patnode CD, Webber EM, Redmond N, Rushkin M, O’Connor EA. Behavioral and 
pharmacotherapy weight loss interventions to prevent obesity-related morbidity and mortality in 
adults: updated evidence report and systematic review for the US Preventive Services Task Force. 
JAMA. 2018;320(11):1172–1191. doi:10.1001/jama.2018.7777 [PubMed: 30326501] 

65. Duan D, Kim LJ, Jun JC, Polotsky VY. Connecting insufficient sleep and insomnia with metabolic 
dysfunction. Ann N Y Acad Sci. 2023;1519(1):94–117. doi:10.1111/nyas.14926 [PubMed: 
36373239] 

66. Knowler WC, Barrett-Connor E, Fowler SE, et al. ; Diabetes Prevention Program Research Group. 
Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N Engl J 
Med. 2002;346(6):393–403. doi:10.1056/NEJMoa012512 [PubMed: 11832527] 

67. Varkevisser RDM, van Stralen MM, Kroeze W, Ket JCF, Steenhuis IHM. Determinants of weight 
loss maintenance: a systematic review. Obes Rev. 2019;20(2):171–211. doi:10.1111/obr.12772 
[PubMed: 30324651] 

68. Butryn ML, Phelan S, Hill JO, Wing RR. Consistent self-monitoring of weight: a key 
component of successful weight loss maintenance. Obesity (Silver Spring). 2007;15(12):3091–
3096. doi:10.1038/oby.2007.368 [PubMed: 18198319] 

69. Astbury NM, Piernas C, Hartmann-Boyce J, Lapworth S, Aveyard P, Jebb SA. A systematic 
review and meta-analysis of the effectiveness of meal replacements for weight loss. Obes Rev. 
2019;20(4):569–587. doi:10.1111/obr.12816 [PubMed: 30675990] 

70. Patikorn C, Roubal K, Veettil SK, et al. Intermittent fasting and obesity-related health 
outcomes: an umbrella review of meta-analyses of randomized clinical trials. JAMA Netw Open. 
2021;4(12):e2139558. doi:10.1001/jamanetworkopen.2021.39558 [PubMed: 34919135] 

71. Jayawardena R, Swarnamali H, Ranasinghe P, Hills AP Impact of portion-control plates (PCP) on 
weight reduction: a systematic review and meta-analysis of intervention studies. Obes Res Clin 
Pract. 2021;15(2):106–113. doi:10.1016/j.orcp.2021.01.008 [PubMed: 33589390] 

72. Choi YJ, Jeon SM, Shin S. Impact of a ketogenic diet on metabolic parameters in patients 
with obesity or overweight and with or without type 2 diabetes: a meta-analysis of randomized 
controlled trials. Nutrients. 2020;12(7):2005. doi:10.3390/nu12072005 [PubMed: 32640608] 

73. Oppert JM, Bellicha A, van Baak MA, et al. Exercise training in the management of overweight 
and obesity in adults: synthesis of the evidence and recommendations from the European 
Association for the Study of Obesity Physical Activity Working Group. Obes Rev. 2021;22(suppl 
4):e13273. doi:10.1111/obr.13273 [PubMed: 34076949] 

74. Bellicha A, van Baak MA, Battista F, et al. Effect of exercise training on weight loss, body 
composition changes, and weight maintenance in adults with overweight or obesity: an overview 
of 12 systematic reviews and 149 studies. Obes Rev. 2021;22(suppl 4):e13256. doi:10.1111/
obr.13256 [PubMed: 33955140] 

Elmaleh-Sachs et al. Page 17

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



75. Sallis R, Franklin B, Joy L, Ross R, Sabgir D, Stone J. Strategies for promoting physical activity 
in clinical practice. Prog Cardiovasc Dis. 2015;57(4):375–386. doi:10.1016/j.pcad.2014.10.003 
[PubMed: 25459975] 

76. Ferguson T, Olds T, Curtis R, et al. Effectiveness of wearable activity trackers to increase physical 
activity and improve health: a systematic review of systematic reviews and meta-analyses. Lancet 
Digit Health. 2022;4(8):e615–e626. doi:10.1016/S2589-7500(22)00111-X [PubMed: 35868813] 

77. Wharton S, Raiber L, Serodio KJ, Lee J, Christensen RA. Medications that cause weight gain 
and alternatives in Canada: a narrative review. Diabetes Metab Syndr Obes. 2018;11:427–438. 
doi:10.2147/DMSO.S171365 [PubMed: 30174450] 

78. Verhaegen AA, Van Gaal LF. Drugs affecting body weight, body fat distribution, and metabolic 
function–mechanisms and possible therapeutic or preventive measures: an update. Curr Obes Rep. 
2021;10(1):1–13. doi:10.1007/s13679-020-00419-5 [PubMed: 33400222] 

79. Goh KK, Chen CH, Lu ML. Topiramate mitigates weight gain in antipsychotic-treated patients 
with schizophrenia: meta-analysis of randomised controlled trials. Int J Psychiatry Clin Pract. 
2019;23(1):14–32. doi:10.1080/13651501.2018.1449864 [PubMed: 29557263] 

80. de Silva VA, Suraweera C, Ratnatunga SS, Dayabandara M, Wanniarachchi N, Hanwella R. 
Metformin in prevention and treatment of antipsychotic induced weight gain: a systematic review 
and meta-analysis. BMC Psychiatry. 2016;16(1):341. doi:10.1186/s12888-016-1049-5 [PubMed: 
27716110] 

81. Wilding JPH, Batterham RL, Calanna S, et al. ; STEP 1 Study Group. Once-weekly semaglutide 
in adults with overweight or obesity. N Engl J Med. 2021;384(11):989–1002. doi:10.1056/
NEJMoa2032183 [PubMed: 33567185] 

82. Leite AR, Angélico-Gonçalves A, Vasques-Nóvoa F, et al. Effect of glucagon-like peptide-1 
receptor agonists on cardiovascular events in overweight or obese adults without diabetes: a meta-
analysis of placebo-controlled randomized trials. Diabetes Obes Metab. 2022;24(8):1676–1680. 
doi:10.1111/dom.14707 [PubMed: 35373878] 

83. Aronne LJ, Wadden TA, Peterson C, Winslow D, Odeh S, Gadde KM. Evaluation of phentermine 
and topiramate versus phentermine/topiramate extended-release in obese adults. Obesity (Silver 
Spring). 2013;21(11):2163–2171. doi:10.1002/oby.20584 [PubMed: 24136928] 

84. Lei XG, Ruan JQ, Lai C, Sun Z, Yang X. Efficacy and safety of phentermine/topiramate in 
adults with overweight or obesity: a systematic review and meta-analysis. Obesity (Silver Spring). 
2021;29(6):985–994. doi:10.1002/oby.23152 [PubMed: 33864346] 

85. Pi-Sunyer X, Astrup A, Fujioka K, et al. ; SCALE Obesity and Prediabetes NN8022-1839 Study 
Group. A randomized, controlled trial of 3.0 mg of liraglutide in weight management. N Engl J 
Med. 2015;373(1):11–22. doi:10.1056/NEJMoa1411892 [PubMed: 26132939] 

86. Holt SR, Tobin DG. Pharmacotherapy for alcohol use disorder. Med Clin North Am. 
2018;102(4):653–666. doi:10.1016/j.mcna.2018.02.008 [PubMed: 29933821] 

87. Sjöström L, Rissanen A, Andersen T, et al. ; European Multicentre Orlistat Study Group. 
Randomised placebo-controlled trial of orlistat for weight loss and prevention of weight regain in 
obese patients. Lancet. 1998;352(9123):167–172. doi:10.1016/S0140-6736(97)11509-4 [PubMed: 
9683204] 

88. Cercato C, Roizenblatt VA, Leança CC, et al. A randomized double-blind placebo-controlled study 
of the long-term efficacy and safety of diethylpropion in the treatment of obese subjects. Int J Obes 
(Lond). 2009;33(8):857–865. doi:10.1038/ijo.2009.124 [PubMed: 19564877] 

89. Knop FK, Aroda VR, do Vale RD, et al. ; OASIS 1 Investigators. Oral semaglutide 50 
mg taken once per day in adults with overweight or obesity (OASIS 1): a randomised, 
double-blind, placebo-controlled, phase 3 trial. Lancet. 2023;402(10403):705–719. doi:10.1016/
S0140-6736(23)01185-6 [PubMed: 37385278] 

90. Sorli C, Harashima SI, Tsoukas GM, et al. Efficacy and safety of once-weekly semaglutide 
monotherapy versus placebo in patients with type 2 diabetes (SUSTAIN 1): a double-
blind, randomised, placebo-controlled, parallel-group, multinational, multicentre phase 3a trial. 
Lancet Diabetes Endocrinol. 2017;5(4):251–260. doi:10.1016/S2213-8587(17)30013-X [PubMed: 
28110911] 

Elmaleh-Sachs et al. Page 18

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



91. Garber A, Henry R, Ratner R, et al. ; LEAD-3 (Mono) Study Group. Liraglutide versus 
glimepiride monotherapy for type 2 diabetes (LEAD-3 Mono): a randomised, 52-week, 
phase III, double-blind, parallel-treatment trial. Lancet. 2009;373(9662):473–481. doi:10.1016/
S0140-6736(08)61246-5 [PubMed: 18819705] 

92. Gadde KM, Parker CB, Maner LG, et al. Bupropion for weight loss: an investigation of efficacy 
and tolerability in overweight and obese women. Obes Res. 2001;9(9):544–551. doi:10.1038/
oby.2001.71 [PubMed: 11557835] 

93. Apolzan JW, Venditti EM, Edelstein SL, et al. ; Diabetes Prevention Program Research Group. 
Long-term weight loss with metformin or lifestyle intervention in the Diabetes Prevention Program 
Outcomes Study. Ann Intern Med. 2019;170(10):682–690. doi:10.7326/M18-1605 [PubMed: 
31009939] 

94. Igel LI, Sinha A, Saunders KH, Apovian CM, Vojta D, Aronne LJ. Metformin: an old therapy 
that deserves a new indication for the treatment of obesity. Curr Atheroscler Rep. 2016;18(4):16. 
doi:10.1007/s11883-016-0568-3 [PubMed: 26888066] 

95. National Institute of Child Health and Human Development. Drugs and Lactation Database 
(LacMed). Published 2006. Accessed April 10, 2023. https://www.ncbi.nlm.nih.gov/books/
NBK501922/

96. Rubino D, Abrahamsson N, Davies M, et al. ; STEP 4 Investigators. Effect of continued weekly 
subcutaneous semaglutide vs placebo on weight loss maintenance in adults with overweight 
or obesity: the STEP 4 randomized clinical trial. JAMA. 2021;325(14):1414–1425. doi:10.1001/
jama.2021.3224 [PubMed: 33755728] 

97. Semlitsch T, Stigler FL, Jeitler K, Horvath K, Siebenhofer A. Management of overweight and 
obesity in primary care—a systematic overview of international evidence-based guidelines. Obes 
Rev. 2019;20(9):1218–1230. doi:10.1111/obr.12889 [PubMed: 31286668] 

98. Nolen-Doerr E, Stockman MC, Rizo I. Mechanism of glucagon-like peptide 1 improvements 
in type 2 diabetes mellitus and obesity. Curr Obes Rep. 2019;8(3):284–291. doi:10.1007/
s13679-019-00350-4 [PubMed: 31124035] 

99. Wadden TA, Bailey TS, Billings LK, et al. ; STEP 3 Investigators. Effect of subcutaneous 
semaglutide vs placebo as an adjunct to intensive behavioral therapy on body weight in adults with 
overweight or obesity: the STEP 3 randomized clinical trial. JAMA. 2021;325(14):1403–1413. 
doi:10.1001/jama.2021.1831 [PubMed: 33625476] 

100. Wilding JPH, Batterham RL, Davies M, et al. ; STEP 1 Study Group. Weight regain and 
cardiometabolic effects after withdrawal of semaglutide: the STEP 1 trial extension. Diabetes 
Obes Metab. 2022;24(8):1553–1564. doi:10.1111/dom.14725 [PubMed: 35441470] 

101. Moore PW, Malone K, VanValkenburg D, et al. GLP-1 agonists for weight loss: pharmacology 
and clinical implications. Adv Ther. 2023;40(3):723–742. doi:10.1007/s12325-022-02394-w 
[PubMed: 36566341] 

102. Guo X, Zhou Z, Lyu X, et al. The antiobesity effect and safety of GLP-1 receptor agonist in 
overweight/obese patients without diabetes: a systematic review and meta-analysis. Horm Metab 
Res. 2022;54(7):458–471. doi:10.1055/a-1844-1176 [PubMed: 35512849] 

103. Lincoff AM, Brown-Frandsen K, Colhoun HM, et al. Semaglutide and cardiovascular outcomes 
in obesity without diabetes. N Engl J Med. Published online November 11, 2023. doi:10.1056/
NEJMoa2307563

104. Kosiborod MN, Abildstrøm SZ, Borlaug BA, et al. ; STEP-HFpEF Trial Committees and 
Investigators. Semaglutide in patients with heart failure with preserved ejection fraction and 
obesity. N Engl J Med. 2023;389(12):1069–1084. doi:10.1056/NEJMoa2306963 [PubMed: 
37622681] 

105. Alkhezi OS, Alahmed AA, Alfayez OM, Alzuman OA, Almutairi AR, Almohammed OA. 
Comparative effectiveness of glucagon-like peptide-1 receptor agonists for the management of 
obesity in adults without diabetes: a network meta-analysis of randomized clinical trials. Obes 
Rev. 2023;24(3):e13543. doi:10.1111/obr.13543 [PubMed: 36579723] 

106. Alfaris N, Minnick AM, Hopkins CM, Berkowitz RI, Wadden TA. Combination phentermine 
and topiramate extended release in the management of obesity. Expert Opin Pharmacother. 
2015;16(8):1263–1274. doi:10.1517/14656566.2015.1041505 [PubMed: 25958964] 

Elmaleh-Sachs et al. Page 19

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ncbi.nlm.nih.gov/books/NBK501922/
https://www.ncbi.nlm.nih.gov/books/NBK501922/


107. Allison DB, Gadde KM, Garvey WT, et al. Controlled-release phentermine/topiramate in severely 
obese adults: a randomized controlled trial (EQUIP). Obesity (Silver Spring). 2012;20(2):330–
342. doi:10.1038/oby.2011.330 [PubMed: 22051941] 

108. Ahmad NN, Robinson S, Kennedy-Martin T, Poon JL, Kan H. Clinical outcomes associated 
with anti-obesity medications in real-world practice: a systematic literature review. Obes Rev. 
2021;22(11):e13326. doi:10.1111/obr.13326 [PubMed: 34423889] 

109. Shi Q, Wang Y, Hao Q, et al. Pharmacotherapy for adults with overweight and obesity: 
a systematic review and network meta-analysis of randomised controlled trials. Lancet. 
2022;399(10321):259–269. doi:10.1016/S0140-6736(21)01640-8 [PubMed: 34895470] 

110. Greenway FL, Fujioka K, Plodkowski RA, et al. ; COR-I Study Group. Effect of naltrexone plus 
bupropion on weight loss in overweight and obese adults (COR-I): a multicentre, randomised, 
double-blind, placebo-controlled, phase 3 trial. Lancet. 2010;376(9741):595–605. doi:10.1016/
S0140-6736(10)60888-4 [PubMed: 20673995] 

111. Apovian CM, Aronne L, Rubino D, et al. ; COR-II Study Group. 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):935–943. doi:10.1002/oby.20309 [PubMed: 23408728] 

112. 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):205–216. doi:10.1002/oby.22347 [PubMed: 30421844] 

113. Phentermine. In: LiverTox: Clinical and Research Information on Drug-Induced Liver Injury. 
National Institute of Diabetes and Digestive and Kidney Diseases; 2012.

114. Bray GA, Ryan DH. Update on obesity pharmacotherapy. Ann N Y Acad Sci. 2014;1311:1–13. 
doi:10.1111/nyas.12328 [PubMed: 24641701] 

115. Yanovski SZ, Yanovski JA. Progress in pharmacotherapy for obesity. JAMA. 2021;326(2):129–
130. doi:10.1001/jama.2021.9486 [PubMed: 34160571] 

116. Pilitsi E, Farr OM, Polyzos SA, et al. Pharmacotherapy of obesity: available medications and 
drugs under investigation. Metabolism. 2019;92:170–192. doi:10.1016/j.metabol.2018.10.010 
[PubMed: 30391259] 

117. 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):427–433. doi:10.1038/
ijo.2016.229 [PubMed: 28017964] 

118. Qureshi H, Saeed N, Jovani M. Updates in endoscopic bariatric and metabolic therapies. J Clin 
Med. 2023;12(3):1126. doi:10.3390/jcm12031126 [PubMed: 36769774] 

119. Abu Dayyeh BK, Bazerbachi F, Vargas EJ, et al. ; MERIT Study Group. Endoscopic sleeve 
gastroplasty for treatment of class 1 and 2 obesity (MERIT): a prospective, multicentre, 
randomised trial. Lancet. 2022;400(10350):441–451. doi:10.1016/S0140-6736(22)01280-6 
[PubMed: 35908555] 

120. Sharples AJ, Mahawar K. Systematic review and meta-analysis of randomised controlled trials 
comparing long-term outcomes of Roux-en-Y gastric bypass and sleeve gastrectomy. Obes Surg. 
2020;30(2):664–672. doi:10.1007/s11695-019-04235-2 [PubMed: 31724116] 

121. Lim R, Beekley A, Johnson DC, Davis KA. Early and late complications of bariatric operation. 
Trauma Surg Acute Care Open. 2018;3(1):e000219. doi:10.1136/tsaco-2018-000219 [PubMed: 
30402562] 

122. Alexander SC, Cox ME, Boling Turer CL, et al. Do the five A’s work when physicians counsel 
about weight loss? Fam Med. 2011;43(3):179–184. [PubMed: 21380950] 

123. Svetkey LP, Stevens VJ, Brantley PJ, et al. ; Weight Loss Maintenance Collaborative Research 
Group. Comparison of strategies for sustaining weight loss: the Weight Loss Maintenance 
randomized controlled trial. JAMA. 2008;299(10):1139–1148. doi:10.1001/jama.299.10.1139 
[PubMed: 18334689] 

124. Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr. 2005;82(1)
(suppl):222S–225S. doi:10.1093/ajcn/82.1.222S [PubMed: 16002825] 

125. Paixão C, Dias CM, Jorge R, et al. Successful weight loss maintenance: a systematic review 
of weight control registries. Obes Rev. 2020;21(5):e13003. doi:10.1111/obr.13003 [PubMed: 
32048787] 

Elmaleh-Sachs et al. Page 20

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



126. Redmond IP, Shukla AP, Aronne LJ. Use of weight loss medications in patients after 
bariatric surgery. Curr Obes Rep. 2021;10(2):81–89. doi:10.1007/s13679-021-00425-1 [PubMed: 
33492629] 

Elmaleh-Sachs et al. Page 21

JAMA. Author manuscript; available in PMC 2024 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure. 5A Framework (Assess, Advise, Agree, Assist, Arrange) for Obesity Counseling in the 
Outpatient Setting6,31–33

BMI indicates body mass index (calculated as weight in kilograms divided by height in 

meters squared); HbA1c, hemoglobin A1c.
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