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Introduction

In April 2017, the Roundtable on Obesity Solutions 
of the National Academies of Sciences, Engineering, 
and Medicine held a workshop titled The Challenge 
of Treating Obesity and Overweight with the objective 
of exploring what is known about current obesity 
treatment approaches in adults and children and the 
challenges in implementing them. Presenters described 
currently available modalities, including behavioral, 
medical, and surgical approaches. Emerging treatment 
modalities, including mobile health, devices, and new 
pharmacologic approaches were also explored. 

This discussion paper highlights the challenges, re-
maining gaps, and promising opportunities in advanc-
ing obesity treatment. The authors discuss challenges 
facing children and adults with obesity, including ac-
cess to treatment, risks involved with treatment, re-
sponsiveness to treatment, and the importance of 
multidisciplinary care teams. The authors discuss the 
need for policy changes to support people with obe-
sity, connect the various sectors that aff ect treatment 
outcomes, and improve access to care; and the need 
for a shift in societal perception about risk factors that 
cause severe obesity. In thinking about future research 
opportunities, the authors discuss the need for individ-
ualized obesity treatments, especially ones that reduce 

health disparities, and a better understanding of how 
bariatric surgery aff ects clinical outcomes and how 
technology can help address those gaps. In the follow-
ing sections, the authors discuss the challenges in the 
treatment of obesity, followed by the challenges in the 
treatment of severe obesity. The paper concludes with 
a section on emerging treatments.

The Treatment of Obesity

Adults
The primary modalities used in adult obesity treat-
ment are lifestyle intervention, pharmacotherapy, and 
bariatric surgery. Numerous studies have demonstrat-
ed that intensive lifestyle interventions (ILI), generally 
delivered in person—individually or in groups—can be 
eff ective in inducing clinically meaningful weight loss in 
many individuals [1]. 

Although modalities such as ILI have established ef-
fi cacy for many patients with obesity, access to care 
remains a problem. Evidence-based guidelines con-
fi rm that the most eff ective lifestyle interventions are 
a reduced-calorie diet, increased physical activity, and 
a structured behavioral-change program. These pro-
grams include components such as self-monitoring of 
food intake, physical activity, and other behaviors, and 
an on-site, high-intensity (at least 14 sessions deliv-
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ered over six months) intervention delivered in group 
or individual sessions by a trained interventionist [1]. 
Supported by extensive evidence, such programs pro-
duce an average weight loss of 5–10 percent of initial 
body weight over six months, with continued main-
tenance over an additional six months of continued 
treatment [1]. However, barriers such as cost, time, 
and treatment availability keep these eff ective treat-
ments out of reach of many who could benefi t from 
them. Interventions delivered remotely by telephone 
or electronically lead to less weight loss on average but 
do have the advantage of being more cost-eff ective for 
some patients, as well as the ability to be disseminated 
throughout diffi  cult-to-reach populations (including 
those in rural settings, older adults, and people with 
disabilities). Research to improve the reach and ef-
fectiveness of remotely delivered behavioral interven-
tions has the potential to expand access to eff ective 
weight management treatment.

Despite initial weight loss for many individuals us-
ing current lifestyle modalities, long-term maintenance 
of lost weight is challenging, with multiple physiologi-
cal and environmental factors promoting weight re-
gain. Pharmacotherapeutic approaches can both 
enhance initial weight loss and improve longer-term 
weight maintenance. Currently, fi ve weight manage-
ment medications are approved for long-term use, 
with modest effi  cacy. Concerns over potential adverse 
eff ects and costs limit their access and use. Placebo-
subtracted weight loss ranges from 3 to 9 percent of 
initial body weight, but there is considerable variability 
in response, with the proportion of patients achieving 
≥5 or ≥10 percent weight loss greater than placebo for 
all approved drugs [2]. The only consistent predictor 
of later weight loss is initial weight loss within the fi rst 
three months of treatment; therefore, if the patient 
has not lost at least 5 percent of initial weight after 
three months at the full medication dose, it is recom-
mended that the medication be discontinued for lack 
of effi  cacy and the patient reevaluated [2]. There is a 
need to identify more reliable predictors of response, 
such as behavioral and biological predictors, to im-
prove treatment matching and effi  cacy. In addition, re-
search to identify new or repurposed effi  cacious phar-
macologic treatments (including combination therapy) 
with acceptable risks is warranted. Lack of insurance 
coverage and public policy contribute to the low use of 
pharmacotherapy.

Children and Adolescents
A 1 percent reduction in 16- and 17-year-olds in the 
United States with obesity and overweight will reduce 
the number of adults with obesity by 52,821 in the fu-
ture and increase lifetime quality-adjusted life years by 
47,138 years by 2039 [3]. To achieve this target, emerg-
ing consensus indicates an urgent need for eff ective 
treatment options alongside community and preven-
tion eff orts.

In 2007, the Expert Committee on the Assessment, 
Prevention and Treatment of Child and Adolescent 
Overweight and Obesity convened by the American 
Medical Association in collaboration with the Health 
Resources and Service Administration and the Centers 
for Disease Control and Prevention recommended 
a four-stage approach based on age, weight status, 
presence of comorbidities, and response to treatment 
[4]. The fi rst two stages, Stage 1 “prevention plus” and 
Stage 2 “structured weight management,” are delivered 
in the primary care offi  ce by a health care provider. 
The support of an allied health care provider, such as a 
dietitian, is also included in Stage 2 treatment. Stage 3 
treatment, or the Weight Management Program, is de-
livered by a multidisciplinary team. Stage 4 treatment, 
aimed at youth with severe obesity, includes the use 
of medications, very-low-calorie diets, and/or weight-
loss surgery. Stage 3 and 4 treatment options are most 
often off ered at tertiary care obesity programs at chil-
dren’s hospital settings. 

As outlined above, intensive treatment at a multidis-
ciplinary program is widely accepted as the best non-
surgical option for children with obesity [5]. The 2016 
US Preventive Services Task Force (USPSTF) report 
identifi es these types of programs as eff ective in re-
ducing body mass index (BMI) only when they deliver 
moderate to high-intensity interventions, defi ned as 
more than 25 hours of contact with the child and/or 
family over six months [5]. However, such programs 
are resource-intensive and not universally available [6]. 
The fi ndings of the USPSTF of the benefi ts of treatment 
when the intervention is of moderate to high intensity 
provides a strong and compelling reason for univer-
sal coverage for comprehensive, intensive behavioral 
treatment for obesity in children and adolescents. Yet, 
poor reimbursement for childhood and adolescent 
obesity treatment continues to be a signifi cant barrier 
to universal implementation of these treatments [7]. 
Advocacy around insurance reimbursement is an im-
portant gap that must be addressed before compre-
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hensive behavioral treatment can become available to 
all. Policies and programs driven by multiple sectors 
and platforms will be integral to making any progress. 
Multipronged eff orts to educate the public, legislators, 
and health care providers on weight bias, policies, in-
terventions, and research are necessary steps to im-
prove reimbursement for long-term, sustainable inter-
ventions.

In addition to diffi  culties with insurance coverage, 
additional costs such as those associated with travel, 
child care for siblings not engaged in treatment, and 
missed school and work days to attend frequent vis-
its all present challenges to program participation 
[8,9,10]. New technologies that replace the need for 
face-to-face contact and yet still promote lifestyle 
changes may off er one approach to achieving the level 
of contact recommended by the USPSTF report while 
minimizing the burden of participation. The use of 
web-based interventions, mobile apps, and text mes-
saging has led to promising results in adult popula-
tions [11]. Although most studies report satisfaction 
among participants with technology-based program 
components, long-term signifi cant decreases in BMI 
among pediatric populations were not achieved [12]. 
Increasing sophistication of new technologies that in-
clude artifi cial intelligence and passive monitoring of 
behaviors (such as activity, caloric intake, mood, and 
so on) to provide feedback and drive behavior change 
off er opportunities for further innovation. Incorporat-

ing new technologies into treatment options may also 
present a chance to address disparities in outcomes, 
since adolescents who are minorities are as likely as 
or more likely than their peers to own smartphones 
[13]. However, creating an evidence base for the use 
of technology in pediatric obesity care faces the chal-
lenge of research funding cycles that move at a much 
slower pace than changes in the technology itself. Solv-
ing this mismatch is an important step in helping to 
improve care for children with obesity.

The Treatment of Severe Obesity

Adults
Treating severe obesity (BMI > 120 percent of the 95th 
percentile or BMI > 40 kg/m2) presents unique chal-
lenges to health care providers and communities 
because of the multidisciplinary approach required 
across several medical specialties and public health 
venues. Although the prevalence of obesity overall 
has leveled off  at approximately 35–40 percent of the 
US population, the subset of this population suff ering 
from severe obesity has continued to increase (see 
Figure 1) [14,15]. Obesity medicine, a rapidly growing 
specialty, represents a specialized set of knowledge 
and skills that focuses on nonsurgical management of 
patients with obesity.

Figure 1 | Prevalence of Growth of Severe Obesity
SOURCE: Sturm, R. and A. Hattori, International Journal of Obesity, June 2013; 37(6):889-891. Reprinted with per-
mission from Springer Nature.  
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Treatment Modalities
The complexity required to treat patients with BMI > 
40 kg/mm2 is supported by the signifi cant failure rate 
of dietary interventions, behavioral interventions, and 
medical therapies, with weight regain occurring even 
after bariatric surgery. Very-low-calorie diet programs 
have been shown to be eff ective in achieving weight 
loss in severe obesity, but long-term compliance re-
mains a challenge. 

Metabolic and bariatric surgery has been consid-
ered the gold standard treatment for severe obesity 
and the most eff ective option, but there are concerns 
about long-term effi  cacy, with data demonstrating that 
more than 20 percent of patients experience weight 
regain with recurrence of comorbidities [16,17]. The 
addition of anti-obesity pharmacotherapy in patients 
with inadequate weight loss or weight regain after bar-
iatric surgery appears to produce better effi  cacy. Cur-
rent evidence suggests that starting medication at a 
weight plateau may be more eff ective than waiting for 
weight regain after bariatric surgery [18]. 

A concept crucial to understanding why failure rates 
are so high in the treatment of severe obesity is that 
homeostatic control of body weight by hypothalamic 
neurons may be damaged in diet-induced obesity [19]. 
In the disease of obesity, there is a disruption of this 
homeostasis because of impaired neurohormonal sig-
naling. In cases of severe obesity, it is critical to think 
of reasons beyond diet that may have aff ected this set 
point, such as current or prior medication usage that 
may have led to weight gain. Several commonly pre-
scribed medicines can contribute to abnormal weight 
gain or interfere with a patient’s ability to lose weight 
(see Table 1). These medications include anti-psychot-
ics, anti-depressants, anti-epileptics, insulins and in-
sulin secretagogues, glucocorticoids, progestational 
hormones and implants, oral contraceptives, beta-
blockers, and others [20]. Alternatives to these medi-
cines should be considered and, if possible, changed 
to those that are weight neutral or to agents that can 
treat the underlying condition and cause weight loss 
at the same time. Over-the-counter medicines and 
supplements should be reviewed for their potential to 
cause weight gain. Medication lists should be closely 
evaluated when patients reach plateaus or regain 
weight after bariatric surgery. 

A novel approach to the treatment of severe obesity 
is incorporating the use of technology. In addition to 
fi tness trackers, web-based programs for self-mon-

itoring, and mobile apps, the use of technology via 
telemedicine and remote monitoring of patients is be-
coming more common. The use of Wi-Fi scales, blood 
pressure cuff s, and glucometers allows patient data to 
be transmitted to a health care provider. A patient can 
receive feedback even when not attending an offi  ce 
visit, which may improve long-term adherence to their 
weight management plan. Some centers use telemedi-
cine to administer a weight management program and 
provide a more intensive behavioral intervention [20]. 

Another substantial barrier to providing eff ective 
care to patients with severe obesity is lack of insur-
ance coverage. Although patient visits may be cov-
ered if comorbid conditions are present, medications 
often are not covered. In 2010, the Aff ordable Care 
Act extended coverage by private and public insurers 
for behavior modifi cation for obesity and for bariatric 
surgery. Approximately 50 percent of employers who 
provide health insurance opt in for anti-obesity medi-
cation coverage [21]. In a study published by Gomez 
and Stanford in 2017, Medicare did not provide cover-
age of anti-obesity medicine, and eight out of 34 states 
examined provided some type of coverage. Coverage 
has expanded slightly since this publication [22].

Bariatric Surgery
Bariatric surgery is the most eff ective modality for 
weight loss and maintenance in patients with severe 
obesity, but for a number of reasons, including costs, 
limited access to care, and patient concerns about ad-
verse events, use is limited to a small fraction of those 
who are eligible for the procedure. Although recent 
studies have confi rmed that bariatric surgical proce-
dures can have benefi cial eff ects for many obesity-re-
lated comorbid conditions, particularly type 2 diabetes, 
few studies have evaluated the long-term benefi ts and 
adverse eff ects of vertical sleeve gastrectomy, which is 
currently the most commonly performed bariatric sur-
gical procedure. There are also limited data on safety 
and effi  cacy in racial and ethnic minority populations. 

The overall goal of bariatric surgery is weight loss 
and comorbid disease remission or improvement for a 
patient with severe obesity, as defi ned by the BMI and 
related comorbid conditions. Comorbid conditions, as 
well as functional impairments associated with moder-
ate to severe obesity, are highly variable. In addition, 
the weight loss response to standardized intervention, 
including lifestyle intervention and bariatric surgical 
procedures, is highly variable [23,24]. A personalized 



Clinical Perspectives on Obesity Treatment: Challenges, Gaps, and Promising Opportunities

NAM.edu/Perspectives Page 5

Medical 
Specialty

Drug Class Associated with Weight 
Gain

Alternatives Associated 
with Less Weight Gain, 
Weight Neutral, or 
Inducing Weight Loss

Psychiatry Antidepressants Nortriptyline, amitriptyline, 
paroxetine, citalopram,
mirtazapine, fl uoxetine (>1 
year), sertraline (>1 year)

Fluoxetine (< 1 year),
sertraline (< 1 year),
bupropion (can induce 
weight loss)

Psychiatry Antipsychotics Clozapine, olanzapine, 
risperidone, quetiapine, 
lithium

Ziprasidone,
aripiprazole

Neurology Anti-epileptics Gabapentin, pregabalin, 
valproate, carbamazepine

Topiramate, zonisamide, 
lamotrigine, levetiracetam, 
phenytoin

Endocrinology Antidiabetic agents Insulin, sulfonylureas, 
thiazolidinedione

Acarbose, metformin, 
GLP-1 receptor agonists, 
DPP-IV inhibitors, SGLT-2 
inhibitors, pramlintide

Endocrinology Steroids Glucocorticoids, progestins Use lowest dose of 
glucocorticoids needed to 
control underlying disease

Ob/Gyn Contraceptives Depo-
medroxyprogesterone 
acetate, combination oral 
contraceptive pills (older 
generation)

Copper IUD,
low-dose combination oral 
contraceptive pill

Cardiology Antihypertensive Prazosin, doxazosin, 
terazosin, metoprolol 
tartrate, propranolol

Carvedilol, Nebivolol

General Antihistamines: OTC 
allergy remedies 
and sleep remedies 
used chronically

Diphenhydramine, other 
antihistamines

Use for as short of a 
duration as needed

Table 1 | Drugs That May Promote Weight Gain and Alternatives
SOURCE: Adapted from Apovian et al., 2015.  
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medicine approach would greatly improve the selec-
tion of patients from the standpoint of risk, as well as 
effi  cacy, if the factors involved in risks and the variable 
outcomes could be clearly identifi ed. 

Safety. The short-term (30-day) risks of specifi c bar-
iatric surgical procedures are relatively well defi ned by 
reports from the Longitudinal Assessment of Bariatric 
Surgery (LABS) consortium as well as the Registry of 
the American College of Surgeons/American Society 
for Metabolic and Bariatric Surgery accreditation pro-
gram [25,26]. Longer-term risks or complications are 
considerably more diffi  cult to quantify because these 
bariatric surgical procedures are performed at expe-
rienced regional centers to maximize safety. When 
complications occur, however, the patients commonly 
seek care in their local medical environment. The ne-
cessity for re-operations or revisions may or may not 
lead the patient to return to the original bariatric sur-
gical center. Revisions may be performed on patients 
who have lost less than the desirable weight or expe-
rienced undesirable weight regain. Conversion to a 
procedure associated with greater weight loss is one 
example of such revision. Revisions may also be done 
for complications. One such example is conversion 
of a patient who is undergoing sleeve gastrectomy 
to Roux-en-Y gastric bypass (RYGB) for the develop-
ment of severe gastroesophageal refl ux disease [27]. 
Reversals have been considerably less common, par-
ticularly after RYGB. Sleeve gastrectomy is not revers-
ible. Laparoscopic adjustable gastric banding (LAGB) 
has been widely perceived as a reversible procedure 
[28], although this was not the case in the LABS con-
sortium—at Year 7 of the study, 22 percent of LAGB 
had been removed [24]. Revisions may also be done 
for metabolic complications such as micronutrient 
defi ciency secondary to diminished intake, vomiting, 
or malabsorption. Problematic recurrent hypoglyce-
mia, although rare, may also require reversal. Alcohol 
use disorder has been identifi ed as a complication of 
gastric bypass [29]. The frequency and etiology of this 
phenomenon requires further defi nition.

Weight Loss. As reported by LABS Consortium at Year 
7, the weight loss after LAGB and RYGB was highly vari-
able and not predictable by usual clinical characteris-
tics before operation [24]. The institution or addition 
of lifestyle intervention as well as pharmacotherapy to 
patients desiring additional weight loss beyond that 

maintained by their bariatric surgical procedure is a vi-
able intervention that requires further research.

Overall, more research is needed to determine how 
much weight loss is needed to accomplish a specifi c 
clinical outcome in a specifi c patient using a specifi c 
bariatric surgical intervention. For example, gastric by-
pass has been documented to induce diabetes remis-
sion [30], although this eff ect is not uniform among all 
surgical candidates—to be able to predict such a re-
sponse for an individual patient is the fundamental 
goal of precision medicine and the next clinical target 
to be embraced by the bariatric surgical community. 
With the effi  cacy and safety profi les of common bariat-
ric surgical interventions clearly established, the next 
step is to enhance prediction of specifi c clinical impli-
cations based on a patient’s comorbidity profi le and 
baseline clinical characteristics.

Policy Implications. The application of bariatric sur-
gery to patients who meet criteria for such surgery re-
mains as low as 2 percent or less per year in the United 
States [31]. More precise data are needed to identify 
the explanation(s) for this low application of bariatric 
surgery. Factors may include lack of knowledge about 
the specifi c benefi ts, fear of complications, discour-
agement from family or health care providers, and/or 
lack of social support [32]. In addition, knowledge of 
the progress that has been made in achieving safe and 
effi  cacious outcomes in bariatric surgery is not widely 
known by the nonsurgical medical community. 

Lack of insurance coverage appears to be a 
secondary explanation for the low utilization of 
bariatric surgery [33]. Insurance providers commonly 
insist on higher levels of evidence to support bariatric 
surgery in specifi c populations than is required for 
other covered surgical procedures. Additionally, high 
insurance copays for prospective bariatric surgical 
candidates as well as low physician reimbursement 
rates, as is the case for Medicaid-covered patients, 
play a role in explaining the low utilization of bariatric 
surgery, although data clarifying these important 
issues are lacking.

An overall goal of additional research is to enable 
personalized medicine to be applied to weight loss and 
obesity treatment generally, and bariatric surgery spe-
cifi cally. If suffi  cient research can be applied to enable 
increased personalization of this care, it is reasonable 
to predict that the application of bariatric surgery will 
increase.
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Children and Adolescents
One of the signifi cant challenges faced by children with 
severe obesity is limited access to appropriate care and 
resources. This is keenly experienced in low-income 
and minority populations, who have both increased 
prevalence and severity of obesity, even at a young 
age. In a recent study, young children aged 2–5 years 
with severe obesity had a higher odds ratio (OR) of be-
ing racial/ethnic minorities, members of households 
with lower educational attainment (OR 2.4, 95 percent 
CI [1.4, 4.0]), in single-parent-headed households (OR 
2.0, 95 percent CI [1.3, 3.0]), and in poverty (OR 2.1, 95 
percent CI [1.1, 4.0]) [34].

Although the vast majority of children have access to 
a primary care provider, primary care–based interven-
tions have not been shown to provide eff ective weight 
loss, especially for children with severe obesity. One 
intervention that has shown success in primary care 
is the Brief Motivational Interviewing to Reduce Child 
BMI (BMI2) trial, which used motivational interview-
ing delivered by primary care providers and dietitians 
to treat children ages 3 to 8 years with excess weight. 
However, eligibility for the intervention required a body 
mass index between the 85th and the 97th percentile, 
thus excluding some children with severe obesity [35]. 

The application of metabolic and bariatric surgery 
as a safe and eff ective treatment strategy for severe 
childhood obesity has been the focus of a growing 
body of literature over the past two decades, and re-
cent data from ongoing prospective multi-institutional 
cohorts have provided important information to the 
medical community and lent additional strength to this 
therapeutic paradigm. In addition to providing robust 
and uniform data, recent studies have also served to 
highlight a number of evidence gaps that merit further 
investigation as well as provide insights related to dis-
parities in access to bariatric surgical care. 

Safety and Effi  cacy. Teen-LABS is a prospective ob-
servational National Institutes of Health-funded study 
of 242 adolescents (<19 years of age; mean age 17.1 
years) who underwent RYGB (n=161), vertical sleeve 
gastrectomy (n=67), or adjustable gastric band (n=14) 
at one of fi ve US centers [36]. In addition to being the 
largest ongoing investigation of adolescent bariatric 
surgical outcomes, designed to evaluate general safety 
and effi  cacy measures as well as provide assessment 
of long-term health eff ects after surgical weight loss, 
this study has served to draw attention to the general 

health status of adolescents with severe obesity who 
present for such intervention [24,36]. In addition to re-
porting the baseline prevalence of numerous obesity-
related comorbid conditions such as dyslipidemia (74.4 
percent), obstructive sleep apnea (56.6 percent), joint 
pain (46.6 percent), hypertension (45 percent), fatty 
liver disease (36.9 percent), chronic kidney disease 
(19.2 percent), and diabetes mellitus (13.6 percent), in-
vestigators noted the overall multiplicity of comorbid 
disease within the cohort, whereby 51 percent of par-
ticipants demonstrated four or more major comorbid 
conditions before undergoing bariatric surgery [36]. 

In addition to the higher-than-anticipated rates of 
related disease burden, initial reports from the Teen-
LABS study consortium have identifi ed clinical and de-
mographic variables that serve as independent predic-
tors of baseline cardio-metabolic disease risk factors. 
Namely, higher BMI and male sex increase the relative 
risk of several known cardiovascular disease risk fac-
tors [24]. Furthermore, initially favorable short-term 
results and complication profi les have been bolstered 
by reports of midterm (three-year post-op) longitu-
dinal analyses within this same cohort. In a related 
analysis by Inge et al., investigators showed a mean 
reduction in weight of 27 percent with signifi cant rates 
of remission of baseline type 2 diabetes (95 percent), 
abnormal kidney function (86 percent), elevated blood 
pressure (74 percent), and dyslipidemia (66 percent) 
[25]. Corresponding analysis of changes in specifi c car-
diovascular disease risk factors by Michalsky et al. [26] 
have concluded that increased weight loss after bariat-
ric surgical intervention, female sex, and younger age 
at the time of surgery predict a higher probability of 
resolution of specifi c risk factors (i.e., elevated blood 
pressure, dyslipidemia, and abnormally elevated lev-
els of high-sensitivity C reactive protein, a marker of 
systemic infl ammation) [26]. Collectively, these recent 
fi ndings may lead to further refi nement in patient se-
lection criteria and recommendations for optimal tim-
ing of adolescent bariatric surgery even within the age 
group itself.

Although Teen-LABS and other recent reports have 
provided extremely valuable information that has 
helped to inform the medical community about the 
overall risks and benefi ts of bariatric surgery in the pe-
diatric population, the recent reporting of longer-term 
data (fi ve years and beyond) serves an equally impor-
tant role in helping to defi ne and broaden our under-
standing of the potential health eff ects of bariatric 
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surgery within the context of this population. Olbers 
et al. [37], in a comparative analysis of adolescents un-
dergoing RYGB versus matched controls made up of 
(1) adolescents undergoing lifestyle intervention only 
and (2) adult participants undergoing RYGB, conclud-
ed that the observed change in weight (−36.8 kg), BMI 
(−13.1 kg/m2), and improvements in cardiovascular 
disease risk factors at fi ve years were similar to cor-
responding outcomes in adults while simultaneously 
distinguishing themselves from the nonsurgical ado-
lescent controls who experienced a rise in BMI over 
the same study period (mean +3.3 kg/m2). 

However, despite favorable outcomes, results of 
this analysis also served to highlight post-operative 
nutritional defi ciencies similar to previous reports, 
emphasizing the need to provide close long-term 
follow-up [25]. Additional prospective data from the 
Follow-up of Adolescent Bariatric Surgery study, ex-
amining outcomes among 58 adolescents undergo-
ing RYGB with a mean follow-up of 8.0 years (range 
5.4–12.5 years) provides the most robust long-term 
analysis to date [27]. In addition to demonstrating a 
durable change in excess weight (−29.2 kg/m2) investi-
gators showed signifi cant reduction in the prevalence 
of key cardiovascular disease risk factors when com-
pared with baseline (pre-bariatric surgery), including 
elevated blood pressure (16 percent versus 47 per-
cent), dyslipidemia (38 percent versus 86 percent), 
and type 2 diabetes (2 percent versus 16 percent). Al-
though it is anticipated that these ongoing studies will 
yield additional long-term data and provide important 
insights in the future, a number of related opportuni-
ties remain ripe for further investigation, including the 
determination of optimal lower age limit, the poten-
tial eff ect on bone density, long-term musculoskeletal 
and cardio-metabolic health, quality of life measures, 
fertility, and epigenetics. 

Utilization. Despite increasing evidence supporting 
the utilization of metabolic and bariatric surgery in the 
treatment of severe childhood obesity, the procedural 
prevalence of weight loss operations among adoles-
cents has remained relatively low compared with the 
aff ected adult population. Although a rise in proce-
dural prevalence was reported in the early twenty-fi rst 
century, current estimates in the United States remain 
relatively small: between 1,000 and 1,600 cases per 
year [29,38]. Although multiple variables are no doubt 
responsible for the relative paucity of adolescent bar-

iatric operations, several factors, including attitudes 
and related referral patterns among primary care 
providers, medical subspecialists, and surgeons alike 
are probable contributors. Recent results of a national 
random sample of pediatricians and family practitio-
ners in the United States showed that nearly half (48 
percent) of respondents said they would never consid-
er referring an adolescent for weight loss surgery [32], 
and in the United Kingdom, surgical subspecialists ap-
peared to demonstrate a higher degree of reluctance 
compared with nonsurgical respondents [33].

Barriers. In addition to the need to address related 
professional education, including the ongoing devel-
opment of best practice guidelines designed to guide 
referral practices to tertiary care facilities capable of 
providing multidisciplinary pediatric-specifi c bariatric 
care, evidence about limitations in insurance authori-
zation also require consideration. A recent review of 
57 adolescents with clinical indications for weight loss 
surgery at one of fi ve centers (2009 to 2011) with de-
fi ned bariatric insurance benefi ts showed that only 47 
percent received initial coverage authorization [23]. 
Although 80 percent of primary insurance denials 
were ultimately overturned after multiple appeals (as 
many as fi ve), 11 percent of surgical candidates never 
obtained authorization. Age less than 18 years and 
specifi c procedure type were cited as the most com-
mon reasons for denial. Collectively, these reports 
not only highlight the ongoing challenges faced by the 
pediatric population with severe obesity, but highlight 
the need for continuous eff orts focused on medical 
education, public health policy, and patient advocacy 
designed to improve overall access to care.

Emerging Treatments

Pharmacologic
Many pharmacologic targets have been evaluated for 
managing excess adiposity. In the past, the success 
rate in developing safe and eff ective medicines has 
not been very high [39]. Newer medications recently 
introduced or still in development tend to be more se-
lective for known weight control targets and hence are 
not only eff ective, but safe to administer across a wide 
group of adults varying in age and BMI. Specifi c recent 
developments are reviewed in the following sections. 

The core physiological derangements leading to ex-
cess adiposity involve disturbances in energy intake 
and expenditure. There are 11 rare nonsyndromic 
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monogenic forms of human obesity for which the un-
derlying mutations are known. A therapeutic approach 
is now available for treating one of these inherited 
forms of obesity, defi ciency in the leptin receptor [40]. 

Another pathway involves mutations in the melano-
cortin-4 (MC4) receptor gene that are accompanied by 
early onset obesity. The MC4 receptor is a key compo-
nent of a pathway that controls appetite, satiety, and 
energy homeostasis. A recently introduced MC4 recep-
tor peptide agonist, setmelanotide [41], is being de-
veloped for six monogenic MC4 defi ciency states: pro-
opiomelanocortin (POMC) defi ciency obesity, leptin 
receptor defi ciency obesity, Bardet-Biedl syndrome, 
Alström syndrome, POMC heterozygous defi ciency 
obesity, and POMC epigenetic disorders [42]. Advances 
in peptide therapeutics promise to open new opportu-
nities for managing body weight in adults with obesity. 
Long-acting parenteral and oral GLP-1 agonists are 
entering late-stage clinical trials [43,44]. More than 23 
new peptides are in development [20]. Combining two 
peptides with complementary modes of action is an-
other area in development [44]. 

The SGLT2 inhibitor class of drugs used to treat dia-
betes also promotes weight loss and reduces cardio-
vascular and renal events [45]. An important question 
is if similar event reductions are observed in patients 
with obesity but who do not have type 2 diabetes. 
Combinations of orally ingested medications using cur-
rently approved drugs are entering late-stage clinical 
trials [46].

Medicines and combination drugs that target hedon-
ic mechanisms are being evaluated for their weight loss 
effi  cacy. A medication that blocks the μ opioid receptor 
in the arcuate nucleus of the brain showed promising 
eff ects on hedonic pathways in an early-phase study 
[47].

Novel approaches, including “omics” platforms, are 
also advancing target discovery and identifying safety 
concerns [48]. 

Devices
A wide array of recently developed medical devices 
with diff erent mechanisms of action are now approved 
by the Food and Drug Administration (FDA) for short-
term weight control [49,50]. These devices can be clas-
sifi ed into four types: gastric bands that restrict food 
intake, electrical systems that stimulate the Vagus 
nerve and inhibit food intake, space-occupying gastric 
balloon systems, and gastric emptying systems that 

allow for draining stomach contents before gastroin-
testinal absorption. All of these systems have modest 
effi  cacy with treatment responses in the range of the 
higher-effi  cacy FDA-approved drugs for weight loss. 
However, the adverse eff ects that accompany these 
costly devices vary but can be serious. 

Lifestyle Measures
The cornerstone of obesity management is lifestyle 
management. Many new lifestyle treatments are be-
ing introduced and critically evaluated in clinical trials. 
These include improving the duration and quality of 
sleep; promoting greater levels of physical activity, in-
cluding with devices such as standing desks; and using 
acceptance-based and cognitive behavioral therapies. 
All of these approaches can be used as part of internet-
based weight control programs that include features 
such as food photography, step-counting, and rapid 
therapist feedback [51,52,53].

Challenges 
Although eff ective and safe pharmacologic, bariatric 
surgical, and lifestyle therapies are now available and 
new ones are on the horizon, several challenges persist 
that limit their widespread implementation. First, the 
concept of obesity as a “disease” remains controver-
sial, including among many health care workers. Peo-
ple with obesity are often viewed as lacking willpower 
or self-control and as having psychological problems 
that limit their ability to restrict food intake. A prevail-
ing view is that simply eating less and exercising more 
will transform the person with obesity into a healthy 
person whose weight is normal. These misconcep-
tions, which fail to recognize modern concepts in the 
regulation of energy balance and body weight, place 
barriers for care at many levels. Bias and fat-shaming 
create an atmosphere in health care that is not condu-
cive to eff ective and compassionate care. 

Once the motivated person with obesity seeks care, 
expert facilities may not be available in their commu-
nity. Most physicians in primary care are ill-equipped 
to deliver the established high-intensity lifestyle treat-
ments that can lead to lasting weight loss and im-
proved health [1]. This lack of high-quality treatment 
programs is particularly notable in remote settings. 
Ironically, remote settings are often the regions of the 
United States that have the highest prevalence rates of 
obesity and diabetes. An important development is the 
training of physicians and other health care workers 
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specifi cally in the area of weight management so that 
this lack of expert care in some communities may even-
tually be alleviated. Organizations such as the YMCA 
(https://www.ymcatriangle.org/programs-services/
health-and-wellness/diabetes-prevention-program-0) 
are also currently off ering programs that might fi ll 
some community gaps in obesity management. 

Although several medicines for the treatment of 
obesity are now FDA approved and new ones are in de-
velopment, a challenge is creating drugs that are both 
highly eff ective and have a good safety threshold. The 
drugs now available lead to weight losses in the range 
of about 3–9 percent above placebo at one year [39]. 
This treatment effi  cacy falls within the established par-
adigm. However, to maintain drug-induced weight loss 
at present requires a lifelong commitment to therapy. 
Cost, side eff ects, and the desire to lose even greater 
amounts of weight makes such adherence diffi  cult for 
many patients, and treatment recidivism rates are rela-
tively high. These observations place an even greater 
burden on emerging drug therapies that ideally will 
achieve larger relative amounts of weight loss but have 
minimal side eff ects.

As high-intensity lifestyle and high-effi  cacy weight 
loss treatments face the aforementioned challenges 
to their adoption, bariatric surgery is an increasingly 
attractive option for many people with severe obe-
sity. Bariatric surgery is increasingly being evaluated 
for use in adults whose BMIs fall within a large frac-
tion of the US population (i.e., >30 kg/m2). How, as a 
research community, do we establish when traditional 
measures such as lifestyle modifi cation give way to 
more aggressive surgical treatments? What kinds of 
risk-benefi t studies are needed to answer these kinds 
of questions? These challenging discussion topics are 
on the immediate horizon as the obesity epidemic con-
tinues to advance across the United States and other 
nations. 

Overarching Themes

There are eff ective treatment approaches for child-
hood and adult obesity, but these treatments are not 
accessible to everyone, some have risks, and not all 
treatments are appropriate for all patients. Further-
more, patients with severe obesity require multidisci-
plinary teams that may not be accessible to all patients. 

Establishing and sustaining eff ective treatment can 
happen only if federal and local public policy makers 
understand the pathophysiology of obesity and recog-

nize the physical and emotional needs of this distinct 
population of children and adults. A shift in public per-
ception of the breadth of the risk factors that cause 
severe obesity will have to be integrated into any pub-
lic policy eff ort. Most importantly, the idea that per-
sonal responsibility plays the predominant role in how 
and why an individual develops severe obesity must 
be challenged vociferously. Only in reversing this pre-
conception can we create the right environment for a 
cogent public policy and population health platform 
that supports access to and coverage of existing and 
emerging treatment options for severe obesity. 

Despite the existence of modestly eff ective treat-
ments, major identifi ed gaps in comprehensive and ef-
fective care include:

1. a need for improved tailoring of interventions 
based on research to better match the treat-
ment to an individual patient; 

2. a need for more treatments with improved 
effi  cacy and safety profi les and eff orts to re-
duce health disparities, including additional 
research on treatment responses in diverse 
populations; 

3. facilitation of connections between sectors 
that aff ect treatment outcomes (e.g., clinical 
providers such as physicians and dietitians, 
community entities such as schools, fi nancial 
institutions such as insurers); 

4. improved access to care for adults and chil-
dren with obesity; and 

5. additional eff orts to understand the ways 
in which technology can help address these 
gaps. 

A signifi cant gap in the fi eld of metabolic and bariatric 
surgery is the inability to determine how much weight 
loss is required to achieve a specifi c clinical response 
in regard to comorbid conditions, cancer risk, and mor-
tality. Weight loss has been associated with decreasing 
cancer risk [54], but specifi city remains an issue; for 
patients with variable risk factors in addition to obe-
sity, understanding the interplay of co-occurring condi-
tions should be a research priority. Similar to cancer, 
understanding the role of bariatric surgery in inducing 
diabetes remission is yet another presently under-
developed subfi eld. The integration of personalized 
medicine in obesity research, and more specifi cally 
bariatric surgery, to predict specifi c outcomes in spe-
cifi c patient populations is invariably the next chapter 
in this evolving fi eld.
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