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Background and Objective: Adolescent obesity is an increasingly concerning clinical problem with 
lifelong adverse impact on various adult health outcomes. Adolescence is characterized by growth and 
development in cognitive, physical, and psychosocial dimensions. Health-related behaviors are the most 
important underlying factors that increase the risk of obesity during adolescence. Preventive and treatment 
interventions for adolescent obesity should be considered within the context of adolescent growth and 
development. This discussion provides an overview of the challenges in the management of obesity 
in adolescents. Our objective is to provide a narrative review of specific developmental and behavioral 
considerations in the management of obesity in adolescents.
Methods: We searched the PubMed online database, limited to years from 2001 to 2020, English language, 
using search terms adolescent obesity, developmental and behavioral aspects of adolescent obesity, adolescent 
growth and development, obesity pharmacotherapy, bariatric surgery in adolescents, and adolescent obesity 
and depression or mental disorders. All article types were included for review. Articles with direct relevance 
to the developmental and behavioral aspects of management of obesity in adolescents were included for this 
narrative review. In addition, specific search was conducted to look at behavioral interventions in adolescent 
obesity. Since the application of behavioral interventions in the treatment of adolescent obesity has gained 
increased consideration in recent years, we looked at specific literation most recent 5 years, between 2015 
and 2020. A search of English language peer-reviewed articles was performed using PubMed’s online 
database. The following search terms were used to locate articles relevant to our study: obese, overweight, 
pediatric, adolescent, cognitive behavioral therapy, family-based intervention, mindfulness, acceptance-based, sleep, 
health promotion, and stress management. Variations of these search terms were used, and additional references 
cited in relevant articles were included in our literature study.
Key Content and Findings: This literature review contains discussion on adolescent obesity, its 
behavioral aspects, impact on adolescent growth and development, available treatments and interventions 
in adolescent obesity management. Obesity continues to be a hot topic with a breadth of information with 
ongoing updates to clinical practice. There is a wealth of available data on evidence-based approaches 
particularly in behavioral interventions to treating adolescent obesity.
Conclusions: The adolescent’s level of cognitive and psychosocial development affects his or her 
adaptation of healthy lifestyle recommendations. The home environment and adolescent’s peer and family 
relationships modulate treatment considerations. Behavioral treatment approaches, including cognitive-
behavioral therapy, family-based interventions, mindfulness, and acceptance-based therapy have been shown 
to be useful components of comprehensive treatment plan for obesity in adolescents. Additional, large-scale 
research, specifically in behavioral management of adolescent obesity is needed. In clinical practice, the focus 
should be on prevention, based on the application of behavioral strategies that would promote adoption of 
healthy lifestyle by adolescents.
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Introduction 

Obesity is a preventable, yet costly disease, with an 
increasing incidence worldwide, with significant long-term 
implications for adverse health outcomes and burden on 
health care delivery systems (1-7). The lifetime medical 
cost is very high for a young child with obesity who in turn 
may suffer long-term health consequences in adulthood if 
not addressed early (8-16). The prevalence of obesity in the 
United States has doubled in the last two decades, with 1 in 
5 adolescents aged 12 to 19 years old found to be obese (12).  
Most available published expert recommendations for 
treatment include a multidisciplinary approach with 
emphasis on diet, exercise and behavioral modification 
(13-16). In general, adherence to treatment guidelines 
is attainable; however, once puberty occurs, the obese 
adolescent will face an additional multitude of challenges 
affecting the physical, mental, and social aspects of health. 

Our objective is to provide a narrative review of specific 
developmental and behavioral considerations in the 
management of obesity in adolescents. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://pm.amegroups.com/
article/view/10.21037/pm-21-23/rc).

Methods 

We searched the PubMed online database, limited to years 
from 2001 to 2020, English language, using search terms 
adolescent obesity, developmental and behavioral aspects 
of adolescent obesity, adolescent growth and development, 
obesity pharmacotherapy, bariatric surgery in adolescents, 
and adolescent obesity and depression or mental disorders 
(Table 1). All article types were included for review. Articles 
with direct relevance to the developmental and behavioral 
aspects of management of obesity in adolescents were 
included for this narrative review.

In addition, specific search was conducted to look at 
behavioral interventions in adolescent obesity. Since the 
application of behavioral interventions in the treatment of 
adolescent obesity has gained increased consideration in 

recent years, we looked at specific literation most recent  
5 years, between 2015 and 2020. A search of English 
language peer-reviewed articles was performed using 
PubMed’s online database. The following search terms were 
used to locate articles relevant to our study: obese, overweight, 
pediatric, adolescent, cognitive behavioral therapy, family-
based intervention, mindfulness, acceptance-based, sleep, health 
promotion, and stress management. Variations of these search 
terms were used, and additional references cited in relevant 
articles were included in our literature study. 

Discussion

The primary care physician (PCP) is recognized to 
effectively guide obesity prevention strategies (17,18). 
However, adolescents seek medical attention for acute 
illness more frequently than preventive care, seem less 
interested in health investment, and are less likely to 
adhere to physician treatment recommendations (19,20). 
Addressing concerns about overweight and its impact, 
in addition to the recommended clinical preventive care 
services, during yearly maintenance visits, will not suffice. 
It has been suggested that addressing specific needs 
should be considered for every medical visit (20). There 
are several identified causes of obesity such as primary 
(genetic and syndromes) and secondary (neurologic, 
endocrine, psychological, and drug induced) causes (21-26).  
However, with adolescents attaining autonomy during 
this period of transition, there are modifiable risks 
that change precipitously. Their lifestyle choices, with 
reference to impact on health, may contribute to obesity. 
Key considerations in formulating a plan of management 
for adolescent obesity include adolescent growth and 
development, pubertal changes, dietary habits, level of 
physical activity, interpersonal and family relationships, and 
mental health (Table 2).

Developmental perspective

Adolescence is best described as a period of psychosocial 
transition from childhood into adulthood. This rapid 
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transition could result in specific disease patterns and 
unusual clinical presentations posing the ever-difficult 
challenge of communicating with the young patient. In 
providing medical care to adolescents, understanding 
the developmental milestones at each phase is essential 
in delivering appropriate care, especially for those with 
chronic illness or obesity (27,28). Table 3 summarizes the 
differences at each phase of adolescent development.

Being at a specific developmental phase entails a unique 
type of challenge. For example, an 11-year-old boy may 
not fully comprehend the cardiovascular risks that obesity 
poses, but would likely focus more on its impact to the 
present situation, such as the short term pleasures of dessert 
foods. This is in contrast to a 20-year-old who might have 
more insight to the unfavorable consequences of the disease 
to overall wellbeing. It is important for the physician to 
provide the adolescent with information appropriate to 
his or her level of cognitive ability, using language that is 
adaptable and easily understandable, and not discounting 

the feelings associated with the diagnosis of obesity (28). 

Changes during puberty

In healthy individuals, maturation of the hypothalamic-
pituitary-gonadal axis leads to normal pubertal progression. 
About half of the adult weight is attained during this period 
of growth (29). Known body composition changes take 
place as directed by the presence of sex steroids. Estrogen 
stimulates lipogenesis, resulting in distribution of fat in the 
lower body; whereas, androgens have the opposite effect 
promoting more muscular development. These hormonal 
effects bring about increased body fat in girls and increased 
lean body mass in boys (29). Early maturing girls were 
found to have lower self-image and disordered eating 
compared to peers (30).

The physical development should be noted with 
accurate sexual maturity rating assessment. The Centers 
for Disease Control and Prevention recommends using 

Table 2 Key developmental-behavioral considerations in formulation of plan of management

Category Comment

Adolescent development An understanding of adolescent cognitive, psychosocial and physical develop is essential in developing 
developmentally appropriate plan of management

Puberty Onset, tempo and progression of puberty with underlying biological and physiological changes interplay 
with weight gain, and body fat distribution

Diet Multiple societal and family factors affect adolescent’s dietary habits and need consideration

Physical activity Technological advances and social media use contribute to reduced engagement in physical activity

Relationships Adolescence is complicated by varying relationships with family, school system, and the community
Interpersonal relationships evolve during progression from early to late adolescence

Mental health Adolescence is a time of psychological and psychosocial transition that may be contributory to added 
stress and influence lifestyle choices, behavior and coping

Table 1 The search strategy summary

Items Comment

Date of Search 1/1/2001–12/31/2020

Databases and other sources searched PubMed online database

Search terms used Adolescent obesity, developmental and behavioral aspects of adolescent obesity, adolescent 
growth and development, obesity pharmacotherapy, bariatric surgery in adolescents, and 
adolescent obesity and depression or mental disorders

Timeframe 2001–2020

Inclusion and exclusion criteria English publications

Selection process Conducted independently
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the calculated body mass index (BMI in kg/m2) that is age- 
and sex-specific in screening an adolescent for overweight  
(85–95th percentiles) and obesity (>95th percentiles) 
(31,32). This number is actually not diagnostic and should 
be interpreted with caution (33). It is important to plot 
measurements on the standardized growth charts and follow 
trends overtime. Many adolescents and their parents lack 
accurate perception of weight status, so it is imperative that 
the clinician educates them and include in the discussion 
the associated health risks at higher BMI levels (18,34).

The role of increasing prevalence of obesity in the early 
onset of puberty is a subject of debate, which is based on 
observations of early puberty development frequently 
associated with overweight and obesity, particularly in 
girls (35-38). Several hypotheses have been postulated 
looking into how adiposity influences pubertal timing and 
development. The action of leptin and other adipokines on 
the hypothalamic-pituitary-gonadal axis and its influence on 
insulin resistance provides additional understanding on this 
matter (39-41). Some studies suggest a relationship between 
parental obesity and the tempo of pubertal development. 

The “Teen Diet”

Recommendations for dietary intake have been consistent 
with emphasis on increased consumption of the low calorie 
healthy foods (fruits, vegetables, fiber) and a reduced 
intake of the calorie dense foods (fast foods, added sugar 
in food and drinks, saturated fat) (42-44). A typical diet 
of an adolescent may contain added sugar, salt, saturated 
fats, and inadequate micronutrients. Eating fast food and 

skipping breakfast were found to be more common during 
adolescence resulting in weight gain into adulthood (45,46). 
According to the Youth Risk Behavior Surveillance (YRBS), 
the dietary behaviors of students in the United States 
reported during the 7 days preceding the survey were the 
following: 41.8% had not eaten fruit or drunk 100% fruit 
juices; 40.7% had not eaten vegetables; and 16.7% had not 
eaten breakfast on all 7 days. There is decline in students 
who consumed soda, sports drinks and those who limited 
water intake (47). The general observation is still the poor 
dietary behaviors in adolescents (47). 

Adolescents may consume inadequate protein-energy 
in their diet. When evaluating caloric intake, it is essential 
to understand the required nutrition and level of physical 
activity for optimal growth and development (34). Low 
energy dense diets may not be appropriate for adolescents 
who are yet to achieve their full physiological maturity (16). 
Maternal diet before pregnancy should be discussed, with 
emphasis on breastfeeding, delaying introduction of solid 
foods, and encouraging adequate fruit and vegetable intake 
at a young age (48-50). Since adolescents spend most of 
the day at school, availability of healthy school lunches is 
important (51).

Dieting is common in adolescents at a time when 
everyone is conscious about their physical appearance in 
comparison to peers. The intended result is weight loss; 
however, when done long term, there is the potential 
unwanted weight gain due to eventual development of 
disordered eating behavioral patterns (52). Fad diets, which 
have increased in popularity among adolescents and young 
adults, should be discouraged due to their detrimental effects 

Table 3 Key characteristics of adolescence

Characteristics Early adolescence Middle adolescence Late adolescence

Age (in years) 10–13 14–17 18–21

Question asked “Am I normal?” “Am I liked?” “Am I loved?”

Level of education Middle school High school College or 4 years after high school

Pubertal changes Heightened preoccupation with physical 
changes

General acceptance of body Less to no preoccupation at all

Cognitive changes Concrete thinking established Abstract thinking begins Abstract thinking well established

Parental involvement Less interested in parental activities Peak of parental conflicts Accepts and values parental advice

Sense of independence Beginnings of emancipation Independence-dependence 
conflicts

Independent; defined role as an 
adult

Understanding of disease 
processes

Not established due to lack of time 
perspective (i.e., long-term consequences)

Affected by “individuation” 
(i.e., seeking self-identity)

Progressive acceptance of 
conditions
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leading to eating disorders, such as binge-eating disorders, 
which commonly cause uncontrolled weight gain (52-56). 

One study on obese adolescents who significantly 
reduced their intake of saturated fatty acids showed 
improved inflammatory markers and carotid intima-
media thickness, lowering their cardiovascular risks 
(15,57). Intake of fruits and vegetables known to have 
low energy density, rich in fiber and phytochemicals, 
lowers the risk for type 2 diabetes mellitus and improves 
metabolic parameters (58). Increasing family meals have 
demonstrated better eating habits of adolescents as 
parents’ model positive behavior (11,49).

Some studies suggest a relationship between sleep 
habits and diet. Many adolescents currently get a markedly 
insufficient amount of sleep (16). A recent study examining 
256 adolescents ages 10−16 years old measured both 
sleep quality and quantity against food cravings, dietary 
intake, and dietary quality. The study revealed an inverse 
relationship between sleep efficiency and food cravings. 
Sleep duration and quality were positively correlated 
with quality of diet. Thus, sleep duration and quality may 
be a contributing factor to adolescent obesity (15). The 
recommended 8 to 10 hours of sleep for adolescents age 
13 to 18 years promote better health, both mentally and 
physically (59-61). 

The sedentary behavior

The recent YRBS survey also found worsening physical 
activity behaviors despite at least half of surveyed students 
had played on at least one sports team the past year. Less 
than half had been physically active for at least 60 minutes 
a day on all days (47). Diminished physical activity has 
added to the burden of the obesity epidemic. The effect 
of widespread use of electronics ensuing lack of social 
interactions has contributed to the worsening state of 
being sedentary (62). Increased media use with excessive 
screen time, resulting in reduced exercise and poor dietary 
choices, has been linked to obesity (63). There is enough 
evidence to support that an adolescent engaged in at least 
20 to 60 minutes of moderate to vigorous physical activity, 
at least five days a week, has improved metabolic health 
(43,63). There is growing interest in research looking at 
technology use as an opportunity to target weight-related 
behaviors (64-68). 

Adolescents are quick to adapt to the fast-paced updates in 
the technology; however, the resulting media use (television, 
computer, and video games) showed the strong evidence 

of sedentary behavior and reduced physical activity (34).  
One study described lower adiposity in adolescents who took 
breaks that are more frequent during their sedentary time. 
This indicates the importance of breaking up sedentary time 
as a preventative measure for adolescent obesity.

Role of relationships

Adolescence is complicated by varying relationships with 
family, peers, school, and the community. In the early stages 
of psychosocial development, attainment of autonomy 
begins followed by the peak of parental conflict (27). It is 
a common practice for the physician to primarily engage 
parents or other adults during a medical visit; however, 
adolescents seek that attention to be involved in their own 
medical care (69). As the adolescent gradually reaches 
independence, role readjustments take place. One study 
reported that parents were considered by adolescents to 
be significant in “future-oriented” decisions, while friends, 
especially of the same sex, were more valuable for “current” 
decisions (69,70). 

Obesity-related behaviors are linked to the adolescent’s 
personal connections (71-75). Such that family-based 
interventions continue to be an effective tool in both 
prevention and treatment of obesity (13,14,76,77). More 
recent studies have looked at the adolescent’s choices of 
food in relation to social connections and one identified that 
peer influence is critical (78). Physical activity involvement, 
screen time, and high caloric intake were associated with 
school-based friendship networks (73). An overweight girl 
trying to lose weight tended to engage in weight control 
behaviors when other overweight girls in school were also 
trying to lose weight (79).

Effect of obesity on mental health 

During the psychological transition period of adolescence, 
it is not unusual for adolescents with chronic illnesses to 
have poor adherence to self and medical care; however, 
this observation cannot be generalized. Their wellbeing 
and quality of life are affected by disease severity and the 
intensity of treatment needed (28). Being overweight 
or obese is a significant risk factor for being bullied and 
increases the likelihood of experiencing depression and 
depressive symptoms (80-84). Obesity is associated with low 
self-esteem and promotes social isolation (85-89). 

 During adolescent medical visits, it is important for 
physicians to pay attention to clues relating to comorbid 
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depression—flat affect, body dissatisfaction, excessive 
eating, sleeping problems, and school underachievement 
(42,59). An eating disorder should not be missed in 
adolescents presenting with binge eating and/or unhealthy 
compensatory mechanisms (11,42,56). Encouraging the 
adolescent to engage in physical activity is beneficial for 
weight management and improve mood (63). Assessment 
for self-harm behaviors and suicidal risk is crucial.

It is commonly reported that obesity is a risk factor for 
the development of depression and anxiety (13). Additionally, 
adolescent dieting as a result of obesity is commonly 
recognized risk factor for depressive symptoms (14). 
Overweight and obesity is a physical trait that is significantly 
associated with victimization and detrimental effects on the 
adolescent’s mental health. Victimization prevention should 
therefore be added to healthy weight development programs 
to promote mental health and adherence (18).

Treatment interventions

A number of interventions have been found to be variably 
effective in the management of obesity in adolescents. 
These include limited use of drugs, bariatric surgery in 
selected cases, various behavioral interventions, lifestyle 

modifications and stress management (Table 4).

Pharmacologic therapy in the treatment of obesity in 
adolescents
Despite lack of long-term benefits, weight loss from 
pharmacologic treatment of obesity is derived from 
appetite suppression and increased satiety (26). Several 
drugs have been approved by the US Food and Drug 
Administration (FDA) for use in adults with obesity; 
however, drugs approved for use in adolescents are limited. 
Use of pharmacotherapy in adolescents is also limited and 
complicated by considerations for the developmental stage 
of adolescents, their understanding of risks and benefits and 
their likelihood of adherence to recommended treatment. 
Adherence is further affected by side effects of drugs 
that may not be acceptable to adolescents within their 
psychosocial developmental context. 

Orlistat is approved for use in adolescents aged 12 year 
and older. Its gastrointestinal side effect (abdominal pain, 
gastric upset, dyspepsia, fecal incontinence and urgency, 
flatulence) is a concern for adherence by adolescents (90-92). 

Liraglutide, a glucagon-like peptide-1 receptor agonist, is 
very recently approved by the FDA for adolescents aged 12–
17 years, who have a body weight over 60 kg and a baseline 

Table 4 Interventions

Intervention Comments

Pharmacologic Limited approved drugs for use in adolescent age group

Adherence is a concern because of side-effects

Drugs approved by US FDA include: orlistat, liraglutide, metformin

Bariatric surgery Effective in carefully selected cases – morbid obesity, failure of non-surgical interventions, presence of co-morbid 
conditions

Adolescent’s developmental maturity to comprehend risks and benefits should be considered

Support system is essential for long term follow up and outcome

Behavioral Cognitive-behavioral therapy

Family-based interventions

Mindfulness

Acceptance-based interventions

Behavioral sleep intervention

Lifestyle Prevention and health promotion

Diet

Exercise

Stress management
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body mass index of greater than or equal to 30 kg/m2.  
The approval came following results of a randomized, 
double-blind trial that showed significant BMI reduction 
with the use of liraglutide plus lifestyle therapy, compared 
to placebo and lifestyle therapy (93). 

Metformin is commonly used to treat type 2 diabetes 
mellitus in children at least 10 years of age. Its efficacy in 
improving fasting glucose at 3 months and reducing BMI 
at 6 months superior to placebo was demonstrated in the 
Metformin in Obese Children and Adolescents (MOCA) 
trial (94). The most common side effects of metformin are 
gastrointestinal (abdominal discomfort, diarrhea, flatulence, 
nausea, indigestion). Sympathomimetic drugs used in the 
treatment of obesity include phentermine, benzphetamine, 
diethylpropion, and phendimetrazine. 

The presence of other chronic conditions independent 
of obesity in adolescents should be taken into consideration 
when prescribing medications. Long-term corticosteroid use 
in teens with autoimmune diseases and asthma may result 
in weight gain and hyperglycemia, among other adverse 
effects on bone and gastrointestinal health (95). Choice of 
an antiepileptic drug in initiating treatment should take into 
consideration its effect on weight, insulin sensitivity and 
lipid profile (96). When prescribing antipsychotic drugs for 
the indicated diagnosis, it should be weight neutral (26). 
In children with autism spectrum disorders, commonly 
prescribed pharmacologic treatment have been associated 
with obesity (97). 

Bariatric surgery
Surgery has been proven more effective than lifestyle 
changes, pharmacologic treatment, and established weight 
loss programs (98-100). To be considered for bariatric 
surgery, the adolescent should be readily involved with 
good understanding of the indications, procedures, 
repercussions, and realistic expectations. The psychological 
and cognitive state of development of the adolescent would 
guide the conversation and consideration of bariatric 
surgery. The ability of the adolescent to fully comprehend 
the risks and benefits as well long-term post-operative 
management would be critical in decision-making. The 
reasons to consider bariatric surgery in adolescents include 
its effectiveness in long-term weight loss, failure of non-
surgical lifestyle and behavioral treatment, and significant 
co-morbidities (101-104). A comprehensive approach to 
surgical intervention should include a psychological and 
psychosocial assessment of the adolescent and the family 
environment. The adolescent’s ability to adhere to post-

operative dietary, exercise and other lifestyle change 
recommendations should be considered carefully.

Behavioral intervention approaches
Cognitive-behavioral therapy 
It has long been suggested that to achieve long-term 
successful childhood obesity interventions, unhealthy 
behaviors must be replaced fully with healthier, positive 
lifestyle changes that persist throughout the individual’s 
life (105,106). Thus, it has been the goal of many strategies 
to adjust behavior to promote and maintain a healthier 
weight. One of the most widely recognized and useful 
theories to prevent and treat obesity is cognitive-behavioral 
therapy (CBT). In this theory, human behavior is defined 
by a complex interplay of an individual’s thoughts, feelings, 
behaviors, and external factors such as physical and social 
environment (107). Therefore, CBT seeks to treat the 
dysfunctional cognitions and beliefs that may have resulted in 
the observed adolescent obesity. As put forward by Bandura, 
a cornerstone of CBT theory is the idea of self-efficacy, the 
belief and confidence of an individual in their own innate 
ability to overcome the difficulty presented them (108). 
Additionally, in order to properly motivate an individual, 
proper outcome expectations ought to be determined. Thus, 
in conjunction with a sense of self-efficacy, an individual 
may set tangible goals and begin to construct a framework 
for achieving behavioral change (107). The preserved 
self-control and power over one’s behaviors and their 
surroundings gained as a result of successfully attaining 
endpoints encourages a true initiation and preservation of 
behavioral change (107,108). 

In practice, however, CBT has shown mixed results. A 2008 
study of adolescents assigned to a 20-week CBT treatment 
program demonstrated obvious improvements (109).  
CBT improved BMI, weight, body and abdominal fat, 
and displayed a significant reduction in sugary drink 
consumption than the control group. On the other hand, 
physical activity was not improved as a result of CBT. 
Another more recent study again presented data showing 
a significantly decreased BMI in CBT treatment groups 
when compared to a control. These data were suggested 
to be a result of decreased food-seeking behaviors and 
consumption of fast foods, in addition to CBT treatment 
groups displaying an increased knowledge base on 
food (110). Contrary to these studies, however, a 2018 
systematic literature review presented numerous studies 
arguing the lack of efficacy of CBT (107). In 2012, a high-
quality randomized control trial of adolescent females 
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treated with CBT exhibited no significant changes in 
BMI following one year of treatment. No significant 
improvements were observed across any biometric 
standards or behavioral goals, save for a reduction in 
screen time in the treatment group (111). There continues 
to be a mixture of both encouraging and discouraging 
studies on CBT efficacy, and further research is certainly 
warranted. It may be helpful to more closely analyze the 
components of CBT treatment programs that display 
significant improvements in adolescent obesity such 
that they may be parsed out and merged into one more 
efficacious form of cognitive-behavioral therapy. 
Family based interventions
Given the obvious presence of the family as a whole and 
its impact on an adolescent’s life, it is reasonable to target 
inter-family relations and interactions as a means to treat 
adolescent obesity. Additionally, there is a growing body 
of evidence that illustrates a positive correlation between a 
parent’s BMI and a child’s BMI, suggesting that behavioral 
weight loss targeting of the whole family may be effective 
at reducing obesity in adolescence (112). In family-based 
behavioral intervention (FBBT), the dynamics of the entire 
family are addressed in an effort to form and solidify new 
healthy routines and habits that benefit each individual (113). 
For example, the entire family may be incorporated into 
forming specific goals and supporting each other in efforts 
to reduce caloric intake, dietary improvements, increased 
physical activity, and heightened self-monitoring (114). 
FBBT can manifest in several forms, from reworking parent-
child interactions to simple alterations in daily inter-family 
interactions and event scheduling. Simple alterations to 
daily life such as more frequent scheduled family meals (as 
opposed to infrequent, individual meals), scheduled family-
wide physical activities, limited screen time, stricter rules 
regarding sleep, and a clear focus on healthy living are all key 
facets of an FBBT intervention (113). 

Other theories of FBBT incorporate strategies involving 
social cognitive theory, parenting styles, or ecological 
frameworks, among other ideas (115). One FBBT intervention 
currently being implemented involves a 10-week family-based 
program followed by four long-term maintenance meetings. 
Features of the intervention include group meetings led by 
program providers, online materials, and scheduled self-
directed activities all directed towards a healthier diet and 
lifestyle (116). There have been numerous studies exhibiting 
significant results using a FBBT-type intervention. One study, 
for example, displayed significant reductions in body weight, 
BMI, and blood pressure in addition to increased consumption 

of vegetables (117). In another long-term study, obese children 
displayed a significant reduction in body weight and obesity 
over a 10-year period attributed to successful family-based 
therapy interventions (118). Despite the successes seen with 
FBBT, significant gaps exist in classically underrepresented 
individuals. In particular, family-based therapy needs further 
investigation in lower-income countries where obesity tends 
to have a higher prevalence (115). A similar problem exists for 
non-traditional families and minority families where obesity-
risks are higher than the general population (115). 
Mindfulness and acceptance-based interventions
In an effort to resolve the high remission rates of popular 
weight loss interventions, mindfulness- and acceptance-
based therapies have recently been explored in greater 
detail. As many as 30–40% of adolescents with a diagnosed 
eating disorder treated with current cognitive-based 
therapy enter remission, underscoring the need for novel 
treatment (119). Mindfulness as an obesity treatment 
therapy involves conscious focus and self-awareness, in 
particular to thoughts, feelings, and actions surrounding 
food and eating behaviors (120). Most often some form 
of meditation is practiced as a subset of cognitive therapy 
to treat obesity-related disorders, namely by promoting 
healthy eating and discouraging unhealthy eating (120). 
One mindfulness-based study demonstrated an increase 
in aerobic exercise and increased consumption of low 
calorie foods in their obese adolescent cohort. The 
authors then pointed to the potential to implement a 
“school-based mindful eating program” in high school 
in an attempt to address the increasingly early onset of 
obesity in these individuals (121,122). In another pilot 
study, no improvements were made in BMI and body 
weight despite a demonstrated decrease in stress-eating 
following the mindfulness-based program. Another study 
sought to address parent-stress in low-income families 
via mindfulness-based intervention as a means to address 
childhood obesity, in which childhood BMI decreased in 
families where parent-stress also decreased (122,123). 

In a similar fashion, acceptance-based therapy (ABT) 
intervention seeks to modify the psychological experience 
of weight loss treatment. ABT allows the individual to 
recognize their desires to avoid the unpleasant requirements 
of weight loss treatment and to then separate those thoughts 
from beneficial behaviors (124). In short, ABT is acceptance 
of the negative aspects of weight loss treatment in order to 
focus on the positive aspects. ABT intervention has been 
proven to successfully augment weight loss in adults but 
has yet to be fully studied in adolescents (124). A recent 
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study provides promising results, demonstrating a reduced 
BMI and modest improvements in food and eating related 
behaviors (124). A recent long-term study performed  
one year of acceptance-based therapy compared to standard 
behavioral treatment for obesity, reporting that ABT 
produced increased weight loss in the individuals studied. 
ABT treated participants also demonstrated a higher quality 
of life score when compared to the standard treatment 
group three years after treatment concluded and were more 
likely to have maintained their weight loss (125). Further 
research still needs to be performed to elicit which facets of 
ABT may be adopted into other therapy interventions for a 
more holistic and successful approach. 
Behavioral sleep intervention
The prevalence rates of obesity in individuals 2 to 19 years 
old continues to be significantly high, with one study 
citing a rate of 16.9% (126). At the same time, inadequate 
amounts of sleep in adolescents is a continued problem that 
may have links to obesity-risk (126,127). This increased risk 
of obesity occurs simultaneously with a reported century-
long decrease in adolescent sleep duration (127,128). In 
addition to sleep duration, the patterns of sleep time may 
be contributory to obesity prevalence. Both biological and 
behavioral mechanisms have been proposed as avenues of 
increased obesity, including alterations in eating timing, 
type of food consumption, and variations of hormonal 
levels (129). Behavioral sleep intervention employs a 
simple theory, yet one that may be difficult to implement 
properly. Common facets of sleep interventions to treat 
obesity include goal setting of increasing sleep time by 
1–1.5 hours, specific and tangible plans to achieve set 
goals, constant interactions with program staff along with 
positive reinforcement (130). One study reported being 
able to successfully increase minutes of sleep per night 
in adolescent participants while also slightly decreasing 
motivation for food consumption (130). Another follow-
up study associated increased sleep length with decreases in 
food consumption and body weight, participants measuring 
in on average 0.22 kg lower than the decreased-sleep 
cohort over a short study period (131). Although studies 
on behavioral sleep intervention need additional work to 
elicit the mechanisms of sleep on adolescent obesity, the 
potential for sleep intervention to augment other therapies 
is promising (130). 

Health promotion and stress management intervention
Similar in practice to mindfulness interventions, health 

promotion and stress management interventions seeks to 
address adolescent obesity from a psychological perspective. 
One research group described the stress response as 
a “chronic hypersecretion of cortisol, epinephrine, 
norepinephrine, immune CRH, and interleukin-6 [that] 
contribute substantially to the increased secretion of insulin 
and decreased release of growth hormone, androgens and 
estrogens, leading to accumulation of visceral fat, loss of 
bone mass (osteoporosis) and muscle mass (sarcopenia)” 
(132,133). Thus a dedicated attempt at reducing the stress 
response in adolescents may provide a therapeutic approach 
to treating obesity. Many programs incorporate techniques 
such as muscle relaxation, meditation, focused breathing 
and relaxation, and therapeutic introspection. One study 
employed an 8-week stress management intervention 
to reducing stress and negative emotions surrounding 
overeating, resulting in healthier eating behaviors in 
addition to a significant 4.44 kg average weight loss in 
the treatment group (133,134). Another study utilized 
portable mp3 players and virtual reality as means to deliver 
relaxation training to obese females. The stress management 
intervention successfully reduced stress-eating responses 
and decreased anxiety and depressive symptoms associated 
with eating (135). On the other hand, some studies have 
reported unsuccessful results at treating obesity. For 
example, at 12-month follow-up of a 10-week relaxation 
training program researchers found no significant changes 
in mean body weight despite significant improvements in 
stress and depression symptoms (136). It is possible that 
stress management interventions take a more indirect 
approach to obesity treatment, and thus should be utilized 
as part of combination therapy. Further study in larger 
groups is necessary to properly evaluate the effects of stress 
management in the treatment of adolescent obesity (132). 

Limitations of research 

This paper offered to provide a narrative review and limited 
to current research reviewed. 

Our objective is to provide a narrative review of specific 
developmental and behavioral considerations in the 
management of obesity in adolescents, which is multifactorial 
and requires intervention of several factors. Biological, cultural 
and environmental influences all affect eating behaviors that 
can lead to obesity. Data on effects of modification of individual 
factors are available but still lacking, particularly when looking 
at the combination of all in specific populations. 
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Future research 

Future research in this topic should focus on identifying 
specific strategies that can be translated to clinical 
application with long-term outcomes favorable to the 
obese adolescent. Exploring other pharmacologic therapies 
approved for adults in the treatment of adolescent obesity, 
as well as focusing on other therapeutic interventions 
such as hydrogel technology (137) and use of probiotics, 
should continue, but with careful attention to challenges 
unique to this age group (137,138). Similarly, despite 
universal acceptance of the importance of behavioral health 
interventions, additional research on specific approaches 
and their effects in the prevention and management of 
obesity are needed. 

Conclusions 

Obesity continues to be prevalent in the youth, which 
significantly affects both the physical and psychosocial 
aspects of health. There are established guidelines when 
caring for the affected adolescent; however, the clinician 
should be aware of the unique challenges during this period 
of transition and development. Involving the adolescent 
in decision-making should be in place and could be 
beneficial in tackling the ever-growing epidemic of this 
chronic illness. Management is complex, thus focusing on 
preventive interventions is likewise imperative. Continued 
promotion of healthy diet, activity and environment should 
be the goal, as well as providing education and support early 
on to children and adolescents. 

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at https://
pm.amegroups.com/article/view/10.21037/pm-21-23/rc

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://pm.amegroups.
com/article/view/10.21037/pm-21-23/coif). DRP serves as 
an unpaid editorial board member of Pediatric Medicine from 
September 2020 to August 2022. The other authors have no 
conflict of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Greydanus DE, Agana M, Kamboj MK, et al. Pediatric 
obesity: Current concepts. Dis Mon 2018;64:98-156.

2.	 Cabral MD, Clemente E, Agana MG. General principles 
of pediatric obesity management. In: Agana MG, 
Greydanus DE, Kamboj MK, et al. editors. Chronic 
Disease and Disability: Pediatric Obesity Perspectives. 
New York: Nova Medicine and Health, 2019;305-18.

3.	 Steinbeck KS, Lister NB, Gow ML, et al. Treatment of 
adolescent obesity. Nat Rev Endocrinol 2018;14:331-44.

4.	 Cardel MI, Atkinson MA, Taveras EM, et al. Obesity 
Treatment Among Adolescents: A Review of Current 
Evidence and Future Directions. JAMA Pediatr 
2020;174:609-17.

5.	 Baur LA, O'Connor J. Special considerations in childhood 
and adolescent obesity. Clin Dermatol 2004;22:338-44.

6.	 Pujalte GGA, Ahanogbe I, Thurston MJ, et al. Addressing 
Pediatric Obesity in Clinic. Glob Pediatr Health 
2017;4:2333794X17736971.

7.	 Rancourt D, Jensen CD, Duraccio KM, et al. Successful 
weight loss initiation and maintenance among adolescents 
with overweight and obesity: does age matter? Clin Obes 
2018;8:176-83.

8.	 Finkelstein EA, Graham WC, Malhotra R, et al. Lifetime 
direct medical costs of childhood obesity. Pediatrics 
2014;133:854-62.

9.	 Reilly JJ, Kelly J. Long-term impact of overweight and 
obesity in childhood and adolescence on morbidity and 
premature mortality in adulthood: systematic review. Int J 
Obes (Lond) 2011;35:891-8.

10.	 Inge TH, King WC, Jenkins TM, et al. The effect of 

https://pm.amegroups.com/article/view/10.21037/pm-21-23/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-23/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-23/coif
https://pm.amegroups.com/article/view/10.21037/pm-21-23/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Pediatric Medicine, 2022 Page 11 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:26 | https://dx.doi.org/10.21037/pm-21-23

obesity in adolescence on adult health status. Pediatrics 
2013;132:1098-104.

11.	 Golden NH, Schneider M, Wood C, et al. Preventing 
Obesity and Eating Disorders in Adolescents. Pediatrics 
2016;138:e20161649..

12.	 Hales C, Carroll MD, Fryar CD, et al. Prevalence of 
obesity among adults and youth: United States, 2015-
2016. Hyattsville, MD; 2017.

13.	 Kirschenbaum DS, Gierut K. Treatment of childhood 
and adolescent obesity: an integrative review of recent 
recommendations from five expert groups. J Consult Clin 
Psychol 2013;81:347-60.

14.	 Rajjo T, Mohammed K, Alsawas M, et al. Treatment of 
Pediatric Obesity: An Umbrella Systematic Review. J Clin 
Endocrinol Metab 2017;102:763-75.

15.	 Ebbeling CB, Antonelli RC. Primary care interventions 
for pediatric obesity: need for an integrated approach. 
Pediatrics 2015;135:757-8.

16.	 Welbourn R, Hopkins J, Dixon JB, et al. Commissioning 
guidance for weight assessment and management in adults 
and children with severe complex obesity. Obes Rev 
2018;19:14-27.

17.	 Daniels SR, Hassink SG, Committee on Nutrition,  
et al. The Role of the Pediatrician in Primary 
Prevention of Obesity. Pediatrics 2015;136:e275-92.

18.	 Carcone AI, Jacques-Tiura AJ, Brogan Hartlieb KE, et al. 
Effective Patient-Provider Communication in Pediatric 
Obesity. Pediatr Clin North Am 2016;63:525-38.

19.	 Nordin JD, Solberg LI, Parker ED, et al. Adolescent 
primary care visit patterns. Ann Fam Med 2010;8:511-6.

20.	 Solberg LI, Nordin JD, Bryant TL, et al. Clinical 
preventive services for adolescents. Am J Prev Med 
2009;37:445-54.

21.	 Belkova NL, Nemchenko UM, Pogodina AV, et al. 
Composition and Structure of Gut Microbiome in 
Adolescents with Obesity and Different Breastfeeding 
Duration. Bull Exp Biol Med 2019;167:759-62.

22.	 Pigeyre M, Yazdi FT, Kaur Y, et al. Recent progress 
in genetics, epigenetics and metagenomics unveils the 
pathophysiology of human obesity. Clin Sci (Lond) 
2016;130:943-86.

23.	 Zhao NN, Dong GP, Wu W, et al. FTO gene 
polymorphisms and obesity risk in Chinese population: a 
meta-analysis. World J Pediatr 2019;15:382-9.

24.	 Frayling TM, Timpson NJ, Weedon MN, et al. A 
common variant in the FTO gene is associated with body 
mass index and predisposes to childhood and adult obesity. 
Science 2007;316:889-94.

25.	 Lee S. The genetic and epigenetic association of LDL 
Receptor Related Protein 1B (LRP1B) gene with 
childhood obesity. Sci Rep 2019;9:1815.

26.	 Apovian CM, Aronne LJ, Bessesen DH, et al. 
Pharmacological management of obesity: an endocrine 
Society clinical practice guideline. J Clin Endocrinol 
Metab 2015;100:342-62.

27.	 Sanders RA. Adolescent psychosocial, social, and cognitive 
development. Pediatr Rev 2013;34:354-8; quiz 358-9.

28.	 Suris JC, Michaud PA, Viner R, et al. The adolescent with 
a chronic condition. Part I: developmental issues. Arch Dis 
Child 2004;89:938-42.

29.	 Bordini B, Rosenfield RL. Normal pubertal development: 
Part I: The endocrine basis of puberty. Pediatr Rev 
2011;32:223-9.

30.	 Bordini B, Rosenfield RL. Normal pubertal development: 
part II: clinical aspects of puberty. Pediatr Rev 
2011;32:281-92.

31.	 US DHHS. About Child & Teen BMI. Centers for 
Disease and Control Prevention. Published 2018. Accessed 
January 13, 2019. Available online: https://www.cdc.
gov/healthyweight/assessing/bmi/childrens_bmi/about_
childrens_bmi.html

32.	 US Preventive Services Task Force; Grossman DC, 
Bibbins-Domingo K, et al. Screening for Obesity in 
Children and Adolescents: US Preventive Services 
Task Force Recommendation Statement. JAMA 
2017;317:2417-26.

33.	 Daniels SR. The use of BMI in the clinical setting. 
Pediatrics 2009;124 Suppl 1:S35-41.

34.	 Patton GC, Sawyer SM, Santelli JS, et al. Our future: a 
Lancet commission on adolescent health and wellbeing. 
Lancet 2016;387:2423-78.

35.	 Kaplowitz PB, Slora EJ, Wasserman RC, et al. Earlier 
onset of puberty in girls: relation to increased body mass 
index and race. Pediatrics 2001;108:347-53.

36.	 Aris IM, Rifas-Shiman SL, Li LJ, et al. Parental Obesity 
and Offspring Pubertal Development: Project Viva. J 
Pediatr 2019;215:123-131.e2.

37.	 Kaplowitz PB. Link between body fat and the timing of 
puberty. Pediatrics 2008;121 Suppl 3:S208-17.

38.	 Li W, Liu Q, Deng X, et al. Association between Obesity 
and Puberty Timing: A Systematic Review and Meta-
Analysis. Int J Environ Res Public Health 2017;14:1266.

39.	 Reinehr T, Roth CL. Is there a causal relationship between 
obesity and puberty? Lancet Child Adolesc Health 
2019;3:44-54.

40.	 Biro FM, Khoury P, Morrison JA, et al. Influence of 



Pediatric Medicine, 2022Page 12 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:26 | https://dx.doi.org/10.21037/pm-21-23

obesity on timing of puberty. Int J Androl 2006;29:272-7; 
discussion 286-90.

41.	 Yadav A, Kataria MA, Saini V, et al. Role of leptin 
and adiponectin in insulin resistance. Clin Chim Acta 
2013;417:80-4.

42.	 Barlow SE, Expert Committee. Expert committee 
recommendations regarding the prevention, assessment, 
and treatment of child and adolescent overweight and 
obesity: summary report. Pediatrics 2007;120 Suppl 
4:S164-92.

43.	 Styne DM, Arslanian SA, Connor EL, et al. Pediatric 
Obesity-Assessment, Treatment, and Prevention: An 
Endocrine Society Clinical Practice Guideline. J Clin 
Endocrinol Metab 2017;102:709-57.

44.	 USDA. Report of the Dietary Guidelines Advisory 
Committee Dietary Guidelines for Americans, 2010.

45.	 Expert Panel on Integrated Guidelines for Cardiovascular 
Health and Risk Reduction in Children and Adolescents; 
National Heart, Lung, and Blood Institute. Expert panel 
on integrated guidelines for cardiovascular health and risk 
reduction in children and adolescents: summary report. 
Pediatrics 2011;128 Suppl 5:S213-56.

46.	 Niemeier HM, Raynor HA, Lloyd-Richardson EE, 
et al. Fast food consumption and breakfast skipping: 
predictors of weight gain from adolescence to adulthood 
in a nationally representative sample. J Adolesc Health 
2006;39:842-9.

47.	 Merlo CL, Jones SE, Michael SL, et al. Dietary and 
Physical Activity Behaviors Among High School Students - 
Youth Risk Behavior Survey, United States, 2019. MMWR 
Suppl 2020;69:64-76.

48.	 Wallby T, Lagerberg D, Magnusson M, et al. Relationship 
Between Breastfeeding and Early Childhood Obesity: 
Results of a Prospective Longitudinal Study from Birth to 
4 Years. Breastfeed Med 2017;12:48-53.

49.	 Rose CM, Birch LL, Savage JS, et al. Dietary patterns in 
infancy are associated with child diet and weight outcomes 
at 6 years. Int J Obes (Lond) 2017;41:783-8.

50.	 Grimm KA, Kim SA, Yaroch AL, et al. Fruit and vegetable 
intake during infancy and early childhood. Pediatrics 
2014;134 Suppl 1:S63-9.

51.	 Council on School Health; Committee on Nutrition, et al. 
Snacks, sweetened beverages, added sugars, and schools. 
Pediatrics 2015;135:575-83.

52.	 Neumark-Sztainer D, Wall M, Haines J, et al. Why does 
dieting predict weight gain in adolescents? Findings from 
project EAT-II: a 5-year longitudinal study. J Am Diet 
Assoc 2007;107:448-55.

53.	 Merten MJ, Williams AL, Shriver LH, et al. Breakfast 
consumption in adolescence and young adulthood: 
parental presence, community context, and obesity. J Am 
Diet Assoc 2009;109:1384-91.

54.	 Field AE, Camargo CA Jr, Taylor CB, et al. Overweight, 
weight concerns, and bulimic behaviors among girls and 
boys. J Am Acad Child Adolesc Psychiatry 1999;38:754-60.

55.	 Stice E, Presnell K, Groesz L, et al. Effects of a weight 
maintenance diet on bulimic symptoms in adolescent girls: 
an experimental test of the dietary restraint theory. Health 
Psychol 2005;24:402-12.

56.	 Patton GC, Selzer R, Coffey C, et al. Onset of adolescent 
eating disorders: population based cohort study over 3 
years. BMJ 1999;318:765-8.

57.	 Masquio DC, de Piano A, Campos RM, et al. Reduction in 
saturated fat intake improves cardiovascular risks in obese 
adolescents during interdisciplinary therapy. Int J Clin 
Pract 2015;69:560-70.

58.	 Kuzma JN, Schmidt KA, Kratz M, et al. Prevention 
of metabolic diseases: fruits (including fruit sugars) 
vs. vegetables. Curr Opin Clin Nutr Metab Care 
2017;20:286-93.

59.	 Society for Adolescent Health and Medicine. Preventing 
and Treating Adolescent Obesity: A Position Paper of the 
Society for Adolescent Health and Medicine. J Adolesc 
Health 2016;59:602-6.

60.	 Kracht CL, Chaput JP, Martin CK, et al. Associations 
of Sleep with Food Cravings, Diet, and Obesity in 
Adolescence. Nutrients 2019;11:2899.

61.	 Wheaton AG, Olsen EO, Miller GF, et al. Sleep Duration 
and Injury-Related Risk Behaviors Among High School 
Students--United States, 2007-2013. MMWR Morb 
Mortal Wkly Rep 2016;65:337-41.

62.	 Rosen LD, Lim AF, Felt J, et al. Media and technology use 
predicts ill-being among children, preteens and teenagers 
independent of the negative health impacts of exercise and 
eating habits. Comput Human Behav 2014;35:364-75.

63.	 Council on Sports Medicine and Fitness; Council on 
School Health. Active healthy living: prevention of 
childhood obesity through increased physical activity. 
Pediatrics 2006;117:1834-42.

64.	 Shapiro JR, Bauer S, Hamer RM, et al. Use of text 
messaging for monitoring sugar-sweetened beverages, 
physical activity, and screen time in children: a pilot study. 
J Nutr Educ Behav 2008;40:385-91.

65.	 Nollen NL, Mayo MS, Carlson SE, et al. Mobile 
technology for obesity prevention: a randomized pilot 
study in racial- and ethnic-minority girls. Am J Prev Med 



Pediatric Medicine, 2022 Page 13 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:26 | https://dx.doi.org/10.21037/pm-21-23

2014;46:404-8.
66.	 Wearing JR, Nollen N, Befort C, et al. iPhone app 

adherence to expert-recommended guidelines for pediatric 
obesity prevention. Child Obes 2014;10:132-44.

67.	 Council on Communications and Media. Media Use 
in School-Aged Children and Adolescents. Pediatrics 
2016;138:e20162592.

68.	 Paruthi S, Brooks LJ, D'Ambrosio C, et al. Recommended 
Amount of Sleep for Pediatric Populations: A Consensus 
Statement of the American Academy of Sleep Medicine. J 
Clin Sleep Med 2016;12:785-6.

69.	 Beresford BA, Sloper P. Chronically ill adolescents' 
experiences of communicating with doctors: a qualitative 
study. J Adolesc Health 2003;33:172-9.

70.	 Wilks J. The relative importance of parents and 
friends in adolescent decision making. J Youth Adolesc 
1986;15:323-34.

71.	 Xiong R, Spaccarotella K, Quick V, et al. Generational 
Differences: A Comparison of Weight-Related Cognitions 
and Behaviors of Generation X and Millennial Mothers 
of Preschool Children. Int J Environ Res Public Health 
2019;16:2431.

72.	 Ievers-Landis CE, Storfer-Isser A, Rosen C, et al. 
Relationship of sleep parameters, child psychological 
functioning, and parenting stress to obesity status 
among preadolescent children. J Dev Behav Pediatr 
2008;29:243-52.

73.	 Draper CE, Grobler L, Micklesfield LK, et al. Impact of 
social norms and social support on diet, physical activity 
and sedentary behaviour of adolescents: a scoping review. 
Child Care Health Dev 2015;41:654-67.

74.	 Bhutta ZA, Lassi ZS, Bergeron G, et al. Delivering an 
action agenda for nutrition interventions addressing 
adolescent girls and young women: priorities for 
implementation and research. Ann N Y Acad Sci 
2017;1393:61-71.

75.	 Balantekin KN, Anzman-Frasca S, Francis LA, et al. 
Positive parenting approaches and their association with 
child eating and weight: A narrative review from infancy to 
adolescence. Pediatr Obes 2020;15:e12722.

76.	 Janicke DM, Steele RG, Gayes LA, et al. Systematic 
review and meta-analysis of comprehensive behavioral 
family lifestyle interventions addressing pediatric obesity. J 
Pediatr Psychol 2014;39:809-25.

77.	 Hammersley ML, Jones RA, Okely AD, et al. Parent-
Focused Childhood and Adolescent Overweight and 
Obesity eHealth Interventions: A Systematic Review and 
Meta-Analysis. J Med Internet Res 2016;18:e203.

78.	 Contento IR, Williams SS, Michela JL, et al. 
Understanding the food choice process of adolescents 
in the context of family and friends. J Adolesc Health 
2006;38:575-82.

79.	 de la Haye K, Robins G, Mohr P, et al. Obesity-related 
behaviors in adolescent friendship networks. Soc Netw 
2010;32:161-7.

80.	 Ehlert U. Enduring psychobiological effects of childhood 
adversity. Psychoneuroendocrinology 2013;38:1850-7.

81.	 Mueller AS, Pearson J, Muller C, et al. Sizing up peers: 
adolescent girls' weight control and social comparison in 
the school context. J Health Soc Behav 2010;51:64-78.

82.	 van Geel M, Vedder P, Tanilon J, et al. Are overweight and 
obese youths more often bullied by their peers? A meta-
analysis on the correlation between weight status and 
bullying. Int J Obes (Lond) 2014;38:1263-7.

83.	 van Vuuren CL, Wachter GG, Veenstra R, et al. 
Associations between overweight and mental health 
problems among adolescents, and the mediating role of 
victimization. BMC Public Health 2019;19:612.

84.	 Quek YH, Tam WWS, Zhang MWB, et al. Exploring the 
association between childhood and adolescent obesity and 
depression: a meta-analysis. Obes Rev 2017;18:742-54.

85.	 Jebeile H, Gow ML, Baur LA, et al. Association of 
Pediatric Obesity Treatment, Including a Dietary 
Component, With Change in Depression and Anxiety: 
A Systematic Review and Meta-analysis. JAMA Pediatr 
2019;173:e192841.

86.	 Vila G, Zipper E, Dabbas M, et al. Mental disorders 
in obese children and adolescents. Psychosom Med 
2004;66:387-94.

87.	 Cairns KE, Yap MB, Pilkington PD, et al. Risk and 
protective factors for depression that adolescents 
can modify: a systematic review and meta-analysis of 
longitudinal studies. J Affect Disord 2014;169:61-75.

88.	 Srivastava G, Fox CK, Kelly AS, et al. Clinical 
Considerations Regarding the Use of Obesity 
Pharmacotherapy in Adolescents with Obesity. Obesity 
(Silver Spring) 2019;27:190-204.

89.	 Steinbeck K. Childhood obesity. Treatment options. Best 
Pract Res Clin Endocrinol Metab 2005;19:455-69.

90.	 Maahs D, de Serna DG, Kolotkin RL, et al. Randomized, 
double-blind, placebo-controlled trial of orlistat for weight 
loss in adolescents. Endocr Pract 2006;12:18-28.

91.	 Viner RM, Hsia Y, Tomsic T, et al. Efficacy and safety of 
anti-obesity drugs in children and adolescents: systematic 
review and meta-analysis. Obes Rev 2010;11:593-602.

92.	 Czernichow S, Lee CM, Barzi F, et al. Efficacy of weight 



Pediatric Medicine, 2022Page 14 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:26 | https://dx.doi.org/10.21037/pm-21-23

loss drugs on obesity and cardiovascular risk factors 
in obese adolescents: a meta-analysis of randomized 
controlled trials. Obes Rev 2010;11:150-8.

93.	 Kelly AS, Auerbach P, Barrientos-Perez M, et al. A 
Randomized, Controlled Trial of Liraglutide for Adolescents 
with Obesity. N Engl J Med 2020;382:2117-28.

94.	 Kendall D, Vail A, Amin R, et al. Metformin in obese 
children and adolescents: the MOCA trial. J Clin 
Endocrinol Metab 2013;98:322-9.

95.	 Rice JB, White AG, Scarpati LM, et al. Long-term 
Systemic Corticosteroid Exposure: A Systematic Literature 
Review. Clin Ther 2017;39:2216-29.

96.	 Sankar R. Initial treatment of epilepsy with antiepileptic 
drugs: pediatric issues. Neurology 2004;63:S30-9.

97.	 Shedlock K, Susi A, Gorman GH, et al. Autism Spectrum 
Disorders and Metabolic Complications of Obesity. J 
Pediatr 2016;178:183-7.e1.

98.	 Black JA, White B, Viner RM, et al. Bariatric surgery for 
obese children and adolescents: a systematic review and 
meta-analysis. Obes Rev 2013;14:634-44.

99.	 Inge TH, Zeller MH, Jenkins TM, et al. Perioperative 
outcomes of adolescents undergoing bariatric surgery: the 
Teen-Longitudinal Assessment of Bariatric Surgery (Teen-
LABS) study. JAMA Pediatr 2014;168:47-53.

100.	Inge TH, Courcoulas AP, Jenkins TM, et al. Weight 
Loss and Health Status 3 Years after Bariatric Surgery in 
Adolescents. N Engl J Med 2016;374:113-23.

101.	Childerhose JE, Alsamawi A, Mehta T, et al. Adolescent 
bariatric surgery: a systematic review of recommendation 
documents. Surg Obes Relat Dis 2017;13:1768-79.

102.	Inge TH, Courcoulas AP, Jenkins TM, et al. Five-Year 
Outcomes of Gastric Bypass in Adolescents as Compared 
with Adults. N Engl J Med 2019;380:2136-45.

103.	Woolford SJ, Clark SJ, Gebremariam A, et al. To cut or 
not to cut: physicians' perspectives on referring adolescents 
for bariatric surgery. Obes Surg 2010;20:937-42.

104.	Vanguri P, Lanning D, Wickham EP, et al. Pediatric 
health care provider perceptions of weight loss surgery in 
adolescents. Clin Pediatr (Phila) 2014;53:60-5.

105.	Suire KB, Kavookjian J, Wadsworth DD, et al. 
Motivational Interviewing for Overweight Children: A 
Systematic Review. Pediatrics 2020;146:e20200193.

106.	Epstein LH, Myers MD, Raynor HA, et al. Treatment of 
pediatric obesity. Pediatrics 1998;101:554-70.

107.	Bagherniya M, Taghipour A, Sharma M, et al. Obesity 
intervention programs among adolescents using social 
cognitive theory: a systematic literature review. Health 
Educ Res 2018;33:26-39.

108.	Bandura A. Health promotion by social cognitive means. 
Health Educ Behav 2004;31:143-64.

109.	Tsiros MD, Sinn N, Brennan L, et al. Cognitive behavioral 
therapy improves diet and body composition in overweight 
and obese adolescents. Am J Clin Nutr 2008;87:1134-40.

110.	Shin A, Surkan PJ, Coutinho AJ, et al. Impact of Baltimore 
Healthy Eating Zones: an environmental intervention to 
improve diet among African American youth. Health Educ 
Behav 2015;42:97S-105S.

111.	Lubans DR, Morgan PJ, Okely AD, et al. Preventing 
Obesity Among Adolescent Girls: One-Year Outcomes of 
the Nutrition and Enjoyable Activity for Teen Girls (NEAT 
Girls) Cluster Randomized Controlled Trial. Arch Pediatr 
Adolesc Med 2012;166:821-7.

112.	Watson PM, Dugdill L, Pickering K, et al. A whole family 
approach to childhood obesity management (GOALS): 
relationship between adult and child BMI change. Ann 
Hum Biol 2011;38:445-52.

113.	Pratt KJ, Skelton JA. Family Functioning and Childhood 
Obesity Treatment: A Family Systems Theory-Informed 
Approach. Acad Pediatr 2018;18:620-7.

114.	Kitzman-Ulrich H, Wilson DK, St George SM, et al. The 
integration of a family systems approach for understanding 
youth obesity, physical activity, and dietary programs. Clin 
Child Fam Psychol Rev 2010;13:231-53.

115.	Ash T, Agaronov A, Young T, et al. Family-based 
childhood obesity prevention interventions: a systematic 
review and quantitative content analysis. Int J Behav Nutr 
Phys Act 2017;14:113.

116.	Liu S, Marques IG, Perdew MA, et al. Family-based, 
healthy living intervention for children with overweight 
and obesity and their families: a 'real world' trial protocol 
using a randomised wait list control design. BMJ Open 
2019;9:e027183.

117.	Chew CSE, Oh JY, Rajasegaran K, et al. Evaluation of a 
group family-based intervention programme for adolescent 
obesity: the LITE randomised controlled pilot trial. 
Singapore Med J 2021;62:39-47.

118.	Epstein LH, Valoski A, Wing RR, et al. Ten-year outcomes 
of behavioral family-based treatment for childhood obesity. 
Health Psychol 1994;13:373-83.

119.	Lock J, Agras WS, Le Grange D, et al. Do end of 
treatment assessments predict outcome at follow-up in 
eating disorders? Int J Eat Disord 2013;46:771-8.

120.	Omiwole M, Richardson C, Huniewicz P, et al. Review 
of Mindfulness-Related Interventions to Modify Eating 
Behaviors in Adolescents. Nutrients 2019;11:2917.

121.	Barnes VA, Kristeller JL. Impact of Mindfulness-



Pediatric Medicine, 2022 Page 15 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:26 | https://dx.doi.org/10.21037/pm-21-23

Based Eating Awareness on Diet and Exercise Habits in 
Adolescents. Int J Complement Altern Med 2016;3:70.

122.	Shomaker LB, Berman Z, Burke M, et al. Mindfulness-
based group intervention in adolescents at-risk for excess 
weight gain: A randomized controlled pilot study. Appetite 
2019;140:213-22.

123.	Jastreboff AM, Chaplin TM, Finnie S, et al. Preventing 
Childhood Obesity Through a Mindfulness-Based Parent 
Stress Intervention: A Randomized Pilot Study. J Pediatr 
2018;202:136-142.e1.

124.	Tronieri JS, Wadden TA, Leonard SM, et al. A pilot study 
of acceptance-based behavioural weight loss for adolescents 
with obesity. Behav Cogn Psychother 2019;47:686-96.

125.	Forman EM, Manasse SM, Butryn ML, et al. Long-Term 
Follow-up of the Mind Your Health Project: Acceptance-
Based versus Standard Behavioral Treatment for Obesity. 
Obesity (Silver Spring) 2019;27:565-71.

126.	Ogden CL, Carroll MD, Kit BK, et al. Prevalence of 
childhood and adult obesity in the United States, 2011-
2012. JAMA 2014;311:806-14.

127.	Owens JA, Weiss MR. Insufficient sleep in adolescents: 
causes and consequences. Minerva Pediatr 2017;69:326-36.

128.	Matricciani L, Olds T, Petkov J, et al. In search of lost 
sleep: secular trends in the sleep time of school-aged 
children and adolescents. Sleep Med Rev 2012;16:203-11.

129.	Miller AL, Lumeng JC, LeBourgeois MK, et al. Sleep 
patterns and obesity in childhood. Curr Opin Endocrinol 
Diabetes Obes 2015;22:41-7.

130.	Hart CN, Hawley NL, Wing RR, et al. Development of 
a Behavioral Sleep Intervention as a Novel Approach for 
Pediatric Obesity in School-aged Children. Sleep Med 

Clin 2016;11:515-23.
131.	Hart CN, Carskadon MA, Considine RV, et al. Changes 

in children's sleep duration on food intake, weight, and 
leptin. Pediatrics 2013;132:e1473-80.

132.	Stavrou S, Nicolaides NC, Papageorgiou I, et al. The 
effectiveness of a stress-management intervention program 
in the management of overweight and obesity in childhood 
and adolescence. J Mol Biochem 2016;5:63-70.

133.	Emmanouil CC, Pervanidou P, Charmandari E, et al. The 
effectiveness of a health promotion and stress-management 
intervention program in a sample of obese children and 
adolescents. Hormones (Athens) 2018;17:405-13.

134.	Christaki E, Kokkinos A, Costarelli V, et al. Stress 
management can facilitate weight loss in Greek overweight 
and obese women: a pilot study. J Hum Nutr Diet 2013;26 
Suppl 1:132-9.

135.	Manzoni GM, Pagnini F, Gorini A, et al. Can relaxation 
training reduce emotional eating in women with obesity? 
An exploratory study with 3 months of follow-up. J Am 
Diet Assoc 2009;109:1427-32.

136.	Katzer L, Bradshaw AJ, Horwath CC, et al. Evaluation of 
a "nondieting" stress reduction program for overweight 
women: a randomized trial. Am J Health Promot 
2008;22:264-74.

137.	Albillos A, de Gottardi A, Rescigno M, et al. The gut-liver 
axis in liver disease: Pathophysiological basis for therapy. J 
Hepatol 2020;72:558-77.

138.	Brusaferro A, Cozzali R, Orabona C, et al. Is It Time to 
Use Probiotics to Prevent or Treat Obesity? Nutrients 
2018;10:1613.

doi: 10.21037/pm-21-23
Cite this article as: Clemente E, Cabral MD, Senti M, Patel 
DR. Challenges in the management of obesity in adolescents: 
an American perspective: a narrative review. Pediatr Med 
2022;5:26.


