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1 | INTRODUCTION

Adolescence is a critical period in human growth and development.l?
The transition from childhood to adulthood is associated with significant
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Summary

Energy balance-related behaviors (EBRBs) are considered the immediate causes of
adolescents' body weight increases, but adolescents have identified mental health as
a contributor. Cross-sectional studies have reported associations between
adolescents' mental health and obesity, but causal relationships and the role of
EBRBs within this can only be established using longitudinal studies. This systematic
review summarizes the findings of longitudinal studies investigating this relationship,
in addition to the role of EBRB in the relationship. Multiple electronic databases were
searched for longitudinal studies using keywords related to the adolescent
population, mental health, EBRB, and body weight. In total, 1216 references were
identified and screened based on previously defined eligibility criteria. Sixteen articles
met the inclusion criteria. Most studies indicated that mental health-related measures
like depression, anxiety, and body dissatisfaction were related to an increase in body
weight later. As this review is focused on behavioral mediators, six studies reported
associations between mental health—anthropometry dyad and EBRBs such as eating
habits, screen time, physical activity, and sleep—as well as stressors like peer
victimization. Future studies may focus on streamlining mental health measures and
body weight outcomes to assess this relationship. Furthermore, more
longitudinal investigations are needed to provide insight into the role of EBRBs in the

mental health-body weight relationship during adolescence.
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and often chaotic physiological and psychosocial experiences.>®
Furthermore, the poor state of adolescents' physical health may have
severe long-term implications on their development into adulthood.**

One of the most common challenges to the physical health of
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adolescents is overweight and obesity. By 2016, an estimated 18% of
girls and 19% of boys were overweight, while 6% of girls and 8% of boys
were obese globally.®

Weight gain is considered as the product of multiple (e.g., social,
environmental, and physical) factors resulting in a positive energy balance
(i.e., energy intake exceeding energy output). Multiple behaviors contrib-
ute to the energy balance”® and are referred to as energy balance-related
behaviors (EBRBs). EBRBs leading to excess energy include high con-
sumption of ultra-processed and fat-based foods, diets low in fiber, fruit,
and vegetables, high intake of sucrose (for example, sugar-sweetened
beverages), insufficient daily physical activity to increase energy output,®
as well as short duration and low-quality sleep in younger age groups.”'°
Studies agree on the significant role that EBRBs play in weight gain, but
a more complex interplay of intrapersonal determinants, including psy-
chological and emotional factors, may be driving adolescent obesity.11~°

Recent studies seeking to understand factors contributing to ado-
lescents' overweight reported that adolescents in Europe and
South Africa identified poor mental health as a potential contributor
to youths' overweight and obesity.!*1> According to the World
Health Organization (WHO)’s constitution, “Health is a state of
complete physical, mental and social well-being and not merely the
absence of disease or infirmity.” Hence, mental health is an integral
part of the general perception of health and wellbeing.

Mental health is a complex concept, but generally refers to asses-
sing emotional and psychological well-being in relation to concepts like
subjective well-being, perceived self-efficacy, autonomy, competence,
intergenerational dependence, and self-actualization of one's intellectual
and emotional potential, among others.}® It is also linked to mental
wellbeing, quality of life assessed by the individual's knowledge of his or
her own abilities, ability to cope with life stressors and distressful
situations among other variables.}” Mental health conditions refer to a
broad range of issues with symptoms characterized by combinations of
abnormal thoughts, emotions, behavior and relationships with others.””

In adolescents, mental health status is influenced by key determi-
nants related to personal attributes like managing one's own thoughts,
emotions, behaviors, and interactions because of environmental stressors
like academic performance, perceived body image, familial and romantic
relationships, and family socioeconomic status.*®'” Emotional and
psychological well-being could be compromised, and adolescents' mental
health is significantly affected by these determinants because of the rapid
changes and transitions that occur during adolescence. Globally, nearly
50% of adolescents may experience some mental health-related
conditions at some point in their lives.2° However, the impact of mental
health on adolescents' body weight changes is unclear.

Numerous cross-sectional studies and reviews, including those by
Adoms et al.,2* Avila et al.,?? and Burke et al.,?® have investigated the
relationship between adolescents' mental health and body weight and
the mediating role of EBRBs, as well as other socio-demographic (for
example, age and sex) and -cultural (for example, gender roles and
body perception) factors in this association. These cross-sectional
studies showed an association between stress and increased body
weight through changes in lifestyle choices, specifically decreased

t.13

physical activity and increased unhealthy diet.”> Some cross-sectional

studies reported associations between depression or anxiety and body
dissatisfaction, disordered eating behaviors, lifestyle choices, and
body weight among adolescents.2*?> There is also a link between
mental health and body mass index (BMI).2%

Previous systematic reviews on the longitudinal relationship
between mental health and anthropometry variables were focused on a

Ill

specific mental health condition. For example, Mannan et al.”* reported

a bi-directional longitudinal association between depression and obesity

during adolescence, while Conklin et al?’

investigated the combined
effect of sleep and stressful life events on adolescent obesity. There is
an existing gap in knowledge on the summary of the long-term
association of a broad range of adolescents' mental health states and
conditions, including positive and negative measures of anthropometric

changes.2®28:29

It is also important to understand if EBRBs alone play a
significant mediating role in this relationship longitudinally. To our
knowledge, there is no report that has reviewed, summarized, and
analyzed existing findings to provide directions for further investigations
on broad-based, multi-scale adolescent-related mental health and body
weight changes and their behavioral mechanisms.

Hence, the aim of this systematic review is to summarize key
findings from longitudinal studies that investigated changes in body
anthropometry associated with mental health-related factors and fur-
ther investigate the mediating role of EBRB in these relationships
within adolescents. The specific questions explored in this review for
adolescents are:

a. Is there a long-term/longitudinal relationship between mental
health and EBRBs, and what is the direction of this relationship?

b. Is there a long-term relationship between mental health and
anthropometry, and what is the direction of this relationship?

c. Do EBRBs mediate the relationship between mental health and

anthropometry?

2 | METHODS

21 | Study design and eligibility criteria

The study design for the systematic review was outlined in a
protocol that followed the preferred reporting items for systematic
review and meta-analysis (PRISMA) guidelines.*%3! The protocol is
registered and published on PROSPERO with the registration number
CRD42021290229.

In this review, the Population of interest is adolescent (10-19 years)
cohorts assessed for Exposure to stressors or their mental health status
or psychological wellbeing. Outcomes of interest are changes in
adolescents' anthropometrics and EBRBs, with a focus on longitudinal,
quantitative Studies using the PEOS approach.®!

All studies included in the review met the following criteria: They
were primary empirical and quantitative research published no later
than December 2022. There was no limit to the earliest date for study
inclusion because an initial search showed that no prior systematic

review has been conducted on this long-term relationship and few
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primary studies have focused on investigating the longitudinal rela-
tionship. In addition, included studies had to report on changes in ado-
lescents' body weight or EBRB related to mental health status with a
longitudinal focus. The age range of study participants (10-19 years)
in the included studies was defined according to WHO's standard®?
and was applied across all timepoints for all reviewed studies. No
language filter was applied to the inclusion criteria during the online
database search, and all abstracts were written in English. Database
filters were applied to limit eligible studies to only those that used

humans as study participants.

2.2 | Data sources, search strategy, and selection
of relevant study

A comprehensive search was conducted in the following databases:
MEDLINE (PubMed), Cochrane Central Register of Controlled Trials
(CENTRAL), EMBASE (Scopus), EBSCOhost (including Africa-Wide
Information, Cumulative Index to Nursing and Allied Health Literature
[CINAHL], Health Source: Nursing/Academic Edition, APA PsycArti-
cles, APA Psyclnfo), and Web of Science based on the above eligibility
criteria.

Terms used in searches were derived from subject headings
and keywords from an initial search that was related to the adoles-
cent population and mental health. The main search terms included
mental health (including Mental Health, Stress, Psychological Stress,
Life Stress, Psychologic Stress, Stressor, Psychological Stressor,
Psychological Stress, psychosocial stress, distress, psychological
wellbeing, mental wellbeing, emotional wellbeing, quality of life,
happiness, and health related quality of life), EBRB, anthropometry,
and longitudinal study types. A detailed search strategy adapted for
PubMed is included in Supplementary Table 1. Searches on other
databases used similar subject headings and keyword terms, with
only changes made to suit each database's search syntax. Further-
more, the reference lists of eligible studies were manually checked
to identify other relevant studies. All references from the databases
were exported first to Endnote X9 (https://endnote.com/), and
thereafter identified duplicates were removed. Studies have noted
the complexity of de-duplication and the limitation of using only
Endnote for this purpose, particularly based on the titles of refer-
ences. Therefore, it is recommended to include either Rayyan,
Covidence, or Ovid in the deduplication process.>®** Hence, for
quality assurance purposes, the remaining references after de-
duplication were imported into Rayyan (https://rayyan.qcri.org/),
screened further, and other identified duplicates were removed.%®
Titles and abstracts from articles of the remaining references were
screened by two independent reviewers for eligibility using
Rayyan.®®> Disagreements about eligibility were resolved by a third
reviewer. Full-text copies of articles that met inclusion criteria from
the title and abstract screening were obtained and assessed by two
independent reviewers for inclusion in the review. Disagreements
about eligibility during full-text screening were resolved with a third

reviewer through discussions.

_Wl LEYJL”Z

2.3 | Data extraction

Extraction was performed using a datasheet designed for the study
through discussion by all reviewers and piloted on three randomly
selected eligible articles by three independent reviewers. The follow-
ing information was extracted for each article; study details—article's
year of publication, authors names, the study aims and objectives,
study type (exploratory, observational, and intervention), number of
longitudinal waves or time points, study setting and location, sample
or population size, groupings within study participants, age range of
study participants (mean and standard deviation), duration of longitu-
dinal study, if study received ethical approval and the organization
that gave approval, if article was appraised for the systematic review,
mental health measures, body anthropometric and EBRB outcomes,
relevant findings showing the relationship between outcomes and
measures of interest, whether mediation analyses were done

and conclusion.

24 | Quality assessment

The “Effective Public Health Practice Project (EPHPP) quality assess-

ment tool for quantitative studies”*®

was used to assess the quality of
the methodology for the included studies based on six criteria,
namely, selection bias, study design, confounders, data collection
methods, withdrawals, and drop-outs. Details of the quality assess-
ment tool questions are provided in Supplementary table 2. Each
study was rated by two independent reviewers as weak, moderate, or
strong for each of the six criteria, and the overall methodology rating
of the study was summarized as weak (for two or more weak ratings
in the six criteria), moderate (for one weak rating), and strong (if there
is no weak rating). Any disagreement in rating was resolved through
discussion with a third reviewer. The final rating for each of the

included studies is reported in Table 1.

2.5 | Data synthesis

A narrative summary approach, instead of a meta-analysis, was
applied in this systematic review because of the need to understand
the long-term impact, not the size of the effect, of adolescents' mental
health on body anthropometry as well as the implication of adoles-
cents' behavior on this relationship. Furthermore, the diversity in
assessment tools used in measuring the three variables of interest
(about 24) and wide variations in aspects35 of mental health, EBRB,
and anthropometric outcomes measured make pooling data from dif-
ferent studies for statistical analysis difficult; hence, conducting a
meta-analysis will not be ideal. Each study was summarized based on
findings on similar variables as outlined in the data extraction section.
Furthermore, we summarized the reported relationships between
measures and outcomes from the results of the studies. Conclusions
about findings from each study were summarized and reported in this

review. Study sample size, number of time points, study locations, and
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OBESITY

age range of participants provided the basis for determining the signif-
icance of findings. The most relevant findings and conclusions of the
studies are reported in Table 2, and textual conclusions were drawn

based on these.

3 | RESULTS

3.1 | Description of included studies

Figure 1 shows a PRISMA flow chart of references and the process
of selection and inclusion of studies for the review. A total of
1216 references were identified through searches of databases,
manual searches, and grey literature. After de-duplication,
951 references were screened for eligibility based on the title and
abstract. Sixty-two®” of the articles were eligible and selected for full-
text review; of these, 16 met the inclusion criteria and were retained
in this review. Table 1 shows the summary and characteristics of all
studies that met the inclusion criteria.

All eligible studies reported findings based on non-clinical sam-
ples. Furthermore, none of the studies' participants were reported to
be on mental health medication, which could influence body weight
changes.60 All studies' participants were assessed with either a
questionnaire or self-reported mental health status.

3.2 | Study setting, design, and populations

Of the 16 studies, five were conducted in the United States of
America (USA) and United Kingdom (UK), respectively; three were
conducted in Canada; and one was conducted in each of Spain,
Taiwan, and Australia. The included studies were published between
2007 and 2021, with a total sample size of 48,866 (range: 148-8886)
participants. Participants in the studies were all adolescents within the

1 which included

age range of 10-19 years, except for one study,
adolescents' parents, but only adolescents' related findings were
included in this review. All the studies had a longitudinal design: eight
studies had two time points, six had three time points, and one study
each had 10 and 12 time points, respectively; hence, studies'

durations were between 4 months and 12 years.

3.3 | Methodological quality

Based on the EPHPP quality assessment tool, three studies were
overall rated as “weak” or ‘“strong,” while 10 were rated as
“moderate” (Table 1). The three studies rated as “weak’”1™%® were
because of poor or unclear reporting on the study design or
withdrawal and dropout criteria of the EPHPP assessment tool. Most
studies rated as “moderate” did not clearly describe the selection bias
as well as the withdrawals and dropouts encountered while

conducting the study.

_Wl LEYM

3.4 | Mental health measures

In the included studies, mental health measures reported include
depressive disorders, symptoms and mood,?®¢47%? psychological
distress or perceived stress level (scale) or psychosocial prosperity
and wellbeing, 2861636670 fear about weight gain and being upset
or distressed about weight and shape’' anxiety disorder/

symptoms,®*¢?72 body satisfaction or perceived body image*¢”

65,73,74 and

peer victimization and bullying (weight- and race-based),
psychological domains of disordered eating.®>’® Other mental
health measures reported include variables indicating the presence
of mental disorders in the Diagnostic and Statistical Manual, fourth
edition (DSM-IV) or tenth revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10),
related emotional and behavioral disorders,”* self-harm, and
negative emotion measures—being unhappy, worried, depressed, or

nervous®”74

—and the absence/presence of suspected or definite
psychotic symptoms.”® All mental health measures reported in the
eligible studies were assessed using validated questionnaires or

assessment tools.

3.5 | Body anthropometry outcomes

Most included studies reported measured or self-reported weight
and height of participants, and the BMI values were calculated.
Lloyd et al.”? determined weight status using age, sex, UK reference
data, and a WHO-defined cut-off, while Hoare et al.®® used WHO
2007 reference age-specific BMI cut-offs to classify the BMI
z-score. In addition, BMI z-scores were reported by four

61,62,65,71

studies, and waist circumference was reported by two

studies.®*”® Measured hip circumference, total body fat percentage,
and fat mass index were reported by Hootman et al.”® Body fat
measures (using bioelectrical impedance (BEl) and near infrared
(NIR) techniques) and shape (using Silhouette Assessment of Body
Shape [SABS] for children and adolescents’®) were reported by Fel-

ton et al.”

3.6 | EBRB-—related outcomes

Eligible studies reported EBRB outcomes and interventions, including
dietary quality,®* daily fruit and vegetable intake,*® takeaway and

sweet drink consumption,®® dietary intake assessing total energy

and macronutrient consumption, number of daily meals and snacks,”®

aerobic fitness, physical activity patterns or fitness, exercising

28,63,64,66,68-71,74,75,77

for weight loss, or excessive exercise, as

well as sleep problems or complying with recommended

65,66

sleep guidelines, self-reported or measured sedentary

626673 and other sedentary behaviors.®® Table 2

screen time,
summarizes the main findings and conclusions of the included

longitudinal studies.
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ﬁeferences identified in differelh
databases and other sources.

Cochrane - 46, EBSCOhost - 174

Pubmed - 464, Scopus - 6
WOS- 514, other sources- 12

Q@ - 1216 /

References before removing
duplicates (N =1216)

References sareened (titles and
abstracts) for eligibility (N =951)

FIGURE 1 Preferred reporting items for
systematic review and meta-analysis
(PRISMA) flow chart for literature search
outcome and inclusion strategy for a review
on the longitudinal relationship between
adolescents' broad mental health, energy
balance-related behaviors (EBRBs), and body
anthropometric changes.

Removed duplicates.
EndNote =348

Subsequently
Rayyan =65

4 References
excluded based on
title and abstract.
(N =889)

References retrieved for full-texts
screening (N =62)

A4

(N =16)

Induded [Eligibility} [ Screening] [ Identification ]

[ References induded in the review. ]

Y —

reasons (N =46)

Excluded based on Participants’
age range =12

Excluded based on study

design criteria =10

Study without outcomes of
interest/didn’t report

relationship between

@tcomes of interest =24 j

3.7 | Relationship between mental health and
anthropometry

Eleven out of the 16 included studies reported direct relationships
between mental health measures and body anthropometric
changes.61:63-6567-717374 Those that reported direct relationships
showed that poorer mental health measured by depression,
anxiety, psychological distress, and perceived stress variables was
longitudinally associated with an increase in body weight over time.

Most relationships were found between anxiety disorder or

64,65,67,68

depression and body mass indices derivatives, waist cir-

cumference, or body fat mass as body weight outcomes.®¢4¢570

Most of the included studies are consistent that mental health and
body anthropometry share a relationship over a time period of

10-19 years.61:63-6567-7L7374 The relationships were reported to

vary by adolescents' sex in some of the studies.é*¢7¢87073 For

|67

example, Felton et a reported that the relationship between

depression scores and changes in body fat was significant
(p <0.05) for girls but not for boys. In addition, two studies

investigated only girls.*%>*

3.8 | Relationship between mental health
and EBRBs

Nine Studi6528,66769,71,72,75

reported relationships between mental
health measures and EBRB outcomes. Precisely, a decline in
mental health was associated with an increase in unhealthy EBRB
choices, while improved mental health was related to healthier EBRB-
choices. Felton et al.®” and Clark et al.?8 reported that higher depres-
sion scores and symptoms, psychological distress, and negative body
image were associated with unhealthy eating attitudes and health-risk

|66

behaviors, while Faulkner et al.°° reported that positive mental health

and flourishing had strong positive associations with quality and
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longer sleep duration, as well as increased physical activity. Mental
health conditions like anxiety disorders and depression were predic-
tive of later eating disorder behaviors, including fasting behavior,
anorexia nervosa, bulimia nervosa, and purging behaviors.®%72

One study reported on the impact of EBRB changes on mental

1.8 showed that an increase in

health measures over time. Hoare et a
take-away food consumption over 2 years significantly predicted
depressive symptoms at follow-up, irrespective of baseline depression

symptoms.

3.9 | Mediating effect of EBRB on the relationship
between mental health and anthropometry

Two studies reported on the mediation effects of EBRBs on the rela-
tionship between mental health and anthropometry.®>”2 Specifically,
Chang et al.%® reported that the effect of depressive symptoms on
increased BMI was mediated by sleep problems, where higher levels of
depressive symptoms were associated with more sleep problems and a
higher BMI. Coté-Lussier et al.”® reported that physical activity and
screen time mediate the relationship between peer victimization
(a mental health stressor) and the risk of adolescents' obesity over time.

Six studies®367-6%-71.75

reported on the relationship between
EBRB outcomes and the mental health-body anthropometry longitu-
dinal dyad without directly assessing the mediating role of EBRB.
Puterman et al.?® showed that healthy behaviors like physical
activity could alleviate the effects of long-term psychological stress—
overweight and obesity. Specifically, high-stressed girls who main-
tained physical activity over time consequently had lower stress levels
and slower BMI increases compared with inactive girls. In contrast,
behaviors related to eating disorders are linked with poorer mental
health,”7275 which was linked to an increase in body anthropome-
try.”! In adolescents with psychosis, disordered eating behaviors such
as binge eating and fasting partly accounted for the increased rate of
metabolic abnormalities related to body anthropometry in later ado-
lescence.”® Rosenthal et al.,”* however, reported that stressors like
race- and weight-based bullying as well as stigmatization affected
mental health and consequently affected BMI even after controlling
for EBRBs like physical fitness and healthy and unhealthy eating

among Latino and Black adolescents.

4 | DISCUSSION

To our knowledge, previous studies and reviews were focused on the
cross-sectional relationship between adolescents' mental health and
body weight without a clear understanding of the long-term relation-
ship between these variables. To our knowledge, this is the first sys-
tematic review that aims to summarize the main findings from primary
studies on the longitudinal relationship between adolescents' positive
and negative mental health and body weight changes, as well as the
role of EBRBs in this relationship. We identified 16 studies that met
the inclusion criteria. Most studies showed a positive longitudinal
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relationship between various measures of adolescents' mental health
and body anthropometry outcomes, or EBRBs, where poorer mental
health was longitudinally associated with an increase in body weight
or higher reporting of unhealthy EBRBs, respectively. The relation-
ships between mental health and anthropometry, or mental health
and EBRB, were found to be bidirectional. Furthermore, only two
studies used mediation analyses and reported that the relationship
between mental health and anthropometry was mediated by physical

activity, screen time, and sleep problems.

41 | Adolescents' mental health and body weight
change relationship

Most (11 out of 16) of the included studies confirmed a longitudinal
relationship between mental health and body weight changes during
adolescence. For example, Aparicio et al.** indicated that anxiety and
depression around 10 years had a positive association with increased
weight, adiposity, and waist circumference (related to fat distribution)
at around age 13 years. Puterman et al.®® reported that higher stress
at age 10 years was significantly related to adolescents' increased
BMI in subsequent annual follow-ups for 10 years. They implied that
higher levels of stress predicted greater BMI growth than at lower
levels of stress. Similarly, in late adolescence, higher perceived stress
at baseline was associated with higher BMI and waist circumference
after 1 year in 18-year-old males.”® Hoare et al.® showed that male
adolescents who were classified as having overweight or obesity at
baseline and follow-up had higher depressive symptoms compared
with male adolescents who were normal weight during the study
period. This review of longitudinal studies confirms the results of
cross-sectional studies that have indicated an association between
mental health and body anthropometry in adolescents.?>?° It is worth
noting that there are few studies (n = 5) that did not identify a direct
relationship between adolescents' mental health and anthropometric
changes. The absence of a direct relationship may be linked to insuffi-
cient sample sizes,”? a short time period used to assess mental health
impact,28624¢ the validity of outcome measures for assessing this

7275 and a lack

relationship,”” the presence of cofounding covariates,
of focus on positive mental health variables such as adolescents' well-
being and flourishing® because most studies are finding stronger
associations with negative mental health, for example, anxiety, psy-
chosis, and emotional disorders.”%74

Cross-sectional findings reported greater depressive symptoms
and higher overall depression scores in youths with obesity when
compared with youths with overweight or normal weight.?> BeLue

et al2

showed that in comparison with youth that are not
overweight, both white and Hispanic youth who are overweight have
a greater likelihood of reporting depression, anxiety, and general poor
mental health. Hence, this review shows that the relationship between
mental health and body weight found in cross-sectional studies is also
observed in the long term and that this relationship is bidirectional.
Adolescents' sex plays a role in the long-term relationship

between mental health and their body weight.6#¢¢¢77%73 Aparicio
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reported that the positive relationship between anxiety and
depression among adolescents, and body weight, adiposity, and the
distribution of abdominal fat was more predominant among males.
Perceived stress by adolescents at baseline was shown to be associ-
ated positively in boys and negatively in girls with anthropometric and
body composition outcomes.”® Depression was related to weight gain
for girls and weight loss for boys.®” The reason for this variation may
be linked to pubertal changes in adolescents' physiology. In girls, an
increase in adipose tissue leading to increased body weight draws
them away from the ideal body, while in boys, there is an increase in
muscle mass among boys, thus becoming more in line with the muscu-
lar body ideal. Perceived or actual body image has major implications
for mental health among adolescents because of pressure from peers,
parents, and society.”®”8 There is still insufficient data to draw con-
clusions on the impact of sex on this long-term relationship between
mental health and weight among adolescents.

One of the included studies highlighted the role of age in the rela-
tionship between mental health and adolescents' body weight
changes.®” Felton et al.®” reported that depression scores were
related to weight gain for older adolescents but not for younger ado-
lescents. These findings confirm that the impact of mental health on
body weight may be stronger in late adolescence. We suspect that
this stronger association occurs in later adolescence because the
impact of adolescents' mental health on body anthropometry is not
immediate but rather a delayed consequence that builds up over time

and coincides with the later years of adolescence.

4.2 | Adolescents' mental health-body weight
dyad and EBRB mediation

Only two studies reported that specific EBRBs—sleep problems,
screen time, and physical activity—mediate the relationship between
adolescents' mental health and body weight changes.®>”® Coté-
Lussier et al.”® showed that in adolescents experiencing psychological
distress related to their mental health, weight-related behaviors like
physical activities and time spent on the screen could be impacted,
which further precedes the development of unhealthy weights. Chang
et al.%®> further showed that increased depressive symptoms were
linked to higher BMI through the mediating pathways of peer victimi-
zation (adolescent stressor) and sleep problems (EBRB). One interven-
tion study by Puterman et al.®® reported that among girls with high
stress levels, moderate and higher levels of physical activity during the
10 years of the study were related to lower BMI growth compared
with the girls who were more inactive. They further suggested that at
a given high stress level, there may be a possible threshold at which
physical activity may be beneficial for body weight over time. Further-
more, studies showed that other factors may contribute to this rela-
tionship, including stressors unique to adolescents, for example,

67,78

pressure related to body- and self-perception, victimization, and

bullying.6>7374
The review further showed that peer victimization in school could

be associated with long-term depressive symptoms through sleep

problems,®® longer screen time, and a greater risk of higher BMI in
boys.”® These findings were supported by Kern et al.,”? who reported
that stressors like the perception of change in body size among ado-
lescents were linked to psychopathologies and unhealthy EBRB, which
may precede actual body weight changes. Previous cross-sectional
studies also showed that unique EBRB combinations were associated
with unfavorable weight status among young people 248081

Adolescents can also respond to not meeting the ideal body goal
by engaging further in poor dietary (binge eating and alcohol consump-
tion, substance abuse) and less physical activity behaviors like longer
screen time.28¢%7173 Hoare et al.® showed that male adolescents
who were classified as living with overweight or obesity at baseline in
their study were more likely to still be overweight and reported
increased depressive symptomology at follow-up. The study empha-
sized addressing diet and physical activity as a foundation for addres-
sing mental health and its impact on adolescents' body weight. This
approach was implemented in Lemstra et al.,”” where adolescents with
obesity were placed on EBRB-based interventions to mitigate depres-
sion. They found that depressive symptoms and severe depressed
mood were significantly reduced over the course of the intervention
at both 12 and 52 weeks, respectively, which is then expected to
reduce their BMI. The intervention was aimed at addressing both men-
tal health conditions and obesity, signifying a possible mediating role
of EBRB between poor mental health and body weight with time.

Several EBRBs were investigated in the included studies, and only
two of the included studies conducted mediation analysis to assess
whether EBRBs mediated the long-term relationship between mental
health and body anthropometry during adolescence. This makes it dif-
ficult to conclude on the mediation of the mental health-body weight
change relationship by EBRBs. In the meantime, focusing on the stan-
dard EBRBs will provide a basic and clearer understanding of the
impact of EBRBs on the dyad relationship.

An emerging reality from previous and current reviews, as well as
others that ran concurrently with this, is the complexity of the rela-
tionship between adolescents' mental health and body weight, as well
as the role of several mediators, including EBRB. Blanchard et al.’s
review (reference in Supporting Information) highlighted the signifi-
cant positive relationship between mental health variables, specifically
depression symptoms and low body image with social media. Anxiety
also mediated the relationship between social media exposure and
dietary outcomes. Aguiar et al. (reference in Supporting Information)
linked mental health-related factors of self-stigmatization and body
dissatisfaction with youth obesity, stress, and harmful EBRB. Hence,
interventions aimed at fostering positive body image may hold poten-
tial for breaking the vicious cycles and for improving adolescent men-

tal health, diet, and physical activity, as well as preventing obesity.

5 | STRENGTHS AND LIMITATIONS OF
THE REVIEW

The review is strengthened by its protocol, which was designed based

on an initially identified gap. The conceptualization, methods, and
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synthesis of the review followed the latest PRISMA systematic review
checklist.3°3! Decisions on how the review will progress were made
earlier before implementation, with very minimal changes during the
review to limit possible bias. Most of the review processes, like
screening, quality assessment, and data extraction, were performed
by two reviewers independently after discussion and agreeing on how
decisions would be made. There were minimal discrepancies in an ini-
tial test between reviewers' output when checked before the actual
screening, quality assessment, and data extraction, and such discrep-
ancies were resolved through discussion. Most studies that met the
eligibility criteria were overall rated moderate or strong on the quality
assessment criteria.

Variations in exposure and outcome measures made meta-
analyses of included studies non-viable because variable and study
analyses were not comparable across studies. To ensure homogeneity
in participants' inclusion criteria, studies were included if participants'
age range is within the WHO defined adolescents' age range.>?
Hence, findings from studies whose upper age limit is above 19 years,
with a lower limit within 10-19 years, were systematically excluded.
No study was identified in low- and middle-income countries (LMICs)
that met the inclusion criteria of this review; thus, the findings from
this review and their implications may not apply in such countries.
The review focused on findings that reported mental health measures
preceding body anthropometric changes and less on mental health
changes following body anthropometric outcomes. The review was
not designed to address the effect size nor the clinical significance of
the results but rather to summarize current findings in relation to ado-

lescents' mental health and body anthropometry.

6 | CONCLUSION

The review was designed to systematically summarize the main find-
ings of research that investigated the longitudinal relationship
between mental health and anthropometry changes, as well as the
mediating role played by EBRBs in this relationship in the adolescent
cohort. The findings of this review indicate that poorer mental health
is associated with higher gains in body weight and fat over a long-
term period. Poorer mental health was also associated with unhealthy
EBRBs; however, this relationship was bidirectional, with some of the
studies reporting that healthy EBRBs may alleviate mental health con-
ditions and improve body weight outcomes. In addition, based on the
findings from the two eligible studies that conducted mediation analy-
sis, this review notes that EBRBs may mediate the long-term effects
of mental health on anthropometry. Future studies may investigate
other mediators, such as biological mechanisms as well as behavioral
interventions on the dyad.

The number of studies that investigated this longitudinal relation-
ship is currently insufficient to make conclusive remarks and are con-
ducted in well-resourced settings. Hence, the need for more
longitudinal studies assessing the relationship between adolescents'
mental health, EBRBs, and body weight changes, specifically in LMICs.
Future studies may focus on streamlining mental health measures and
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body weight outcomes to assess this relationship. More longitudinal
investigations focusing on standard EBRBs will provide clearer insight
on their roles in the mental health-body weight relationship during

adolescence.
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