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Abstract
Background: Adolescence is a critical period for the development of depressive symptoms and obesity. This study examined the

association of depressive symptoms with standardized BMI (BMI z-score), lifestyle behaviors, and self-efficacy measures in a
sample of urban adolescents.

Methods: A school-based study was conducted among adolescents (N = 1508) enrolled from 11 public schools. Depressive
symptoms were assessed with Kandel’s depressive symptoms scale for adolescents. Fruit and vegetable intake and intake of energy-
dense foods were assessed by a short food frequency questionnaire. Sedentary behavior and physical activity (PA) were obtained by
self-report. Height and weight were measured directly and BMI z-scores were calculated. Mixed-effects models were used to
examine the association of depressive symptoms with BMI z-score and lifestyle behaviors, accounting for clustering at school level
and adjusting for confounders. Self-efficacy measures were evaluated as potential mediators.

Results: The sample was 53% female, 75% Hispanic, and 82% US born, with a mean age of 13.9 years. Higher depressive
symptoms were associated with higher BMI z-score (b = 0.02; p = 0.02), intake of energy-dense foods (b = 0.42; p < 0.001), and
sedentary behavior (b = 0.48; p < 0.001), but lower PA (b = - 0.03; p = 0.01). There was an interaction by gender in the association of
depressive symptoms and PA. Self-efficacy mediated the association of depressive symptoms and PA.

Conclusions: Obesity prevention and treatment programs should consider addressing the role of negative emotions as part of their
preventive strategies.

Introduction

A
dolescence is a vulnerable period for the emergence
of depression and obesity.1,2 Depressive symptoms
are associated with risk behaviors and adverse

health outcomes in adolescents. For example, adolescents
with high depressive symptoms are more likely to have
problems getting along with parents and peers, are more
likely to smoke, and are at greater risk of substance use.3,4

Previous studies indicate that obesity may increase the
risk of depression.5,6 However, recent studies also suggest
that depressive symptoms could put adolescents at risk of
obesity.7–9

Several cross-sectional studies provide evidence for a link
between depressive symptoms and weight status or BMI in
adolescence.3,10,11 Using a nationally representative sample

of US adolescents, BeLue and colleagues10 found an asso-
ciation between several mental health indicators and over-
weight, including depression, anxiety, and stress coping.
Findings from a long-term follow-up study of youth ages
6–17 years showed that childhood and adolescent depres-
sion predicted BMI in adulthood.12 Results from another
longitudinal study showed that depressed mood in adoles-
cents was predictive of BMI 1 year later, controlling for
initial BMI.13 There also appear to be gender differences.
Several studies found that the association between depres-
sive symptoms and weight status or adiposity was only
evident in females.14 However, the pathways explaining the
association between depressive symptoms and obesity are
not well understood. One proposed mechanism linking de-
pression to the development of obesity includes the adoption
of unhealthy lifestyle behaviors. Research studies suggest
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that some adolescents may use food as a coping mechanism,
showing a preference for high-energy, more palatable
foods.15–18 Mental distress could then be associated with
higher intake of energy-dense foods that are low in nutri-
tional value. Consequently, this type of change in eating
behaviors could lead to increased caloric intake and excess
weight.

The behavioral mechanisms that relate depressive
symptoms to unhealthy lifestyle behaviors and obesity
have not been fully examined. One potential mechanism is
the adverse effect of depressive symptoms on self-efficacy.
Self-efficacy is defined as the perceived capability for
achieving behavioral goals.19 Previous studies show an
association of self-efficacy with health-promoting behav-
iors.20–22 For example, higher levels of self-efficacy are
related to increased intake of fruit and vegetables,20,21 and
self-efficacy is one of the strongest predictors of physical
activity (PA) among adolescents.23 In addition, because
people with depression often report a sense of worthless-
ness and a more pessimistic view of themselves, adoles-
cents with high levels of depressive symptoms may
experience decreased confidence in being capable of en-
gaging in and sustaining healthy lifestyle behaviors.19

Taking these aspects into consideration, this study ex-
amined whether depressive symptoms were associated
with excess weight in a sample of inner-city adolescents.
We focused on urban minority youth because they are
at high risk of obesity and depression.24–26 Youth from
socioeconomically disadvantaged backgrounds are also
found to have lower self-efficacy than youth from higher
socioeconomic backgrounds.27 Understanding these inter-
relations is important, because it may help build more
successful intervention strategies for improving the health
of urban youth. In addition, the study examined whether
there would be an association of depressive symptoms with
lower self-efficacy for healthy eating and being physically
active and whether lower self-efficacy was related to life-
style behaviors. We hypothesized that higher depressive
symptoms would be associated with higher BMI z-score
and more sedentary behavior, but lower intake of fruit and
vegetables. Because there is some evidence that the asso-
ciation between depressive symptoms and health-related
behaviors are mediated by self-efficacy,28 we also hypoth-
esized that the association between depressive symptoms
and lifestyle behaviors was mediated by lower self-efficacy
for exercising and eating healthy. We also examined inter-
action effects by gender because earlier research indicates
that girls have higher levels of depressive symptoms than
boys and that the effect of depressive symptoms on out-
comes may vary by gender.14,29–31

Methods

Participants
The study enrolled 1809 participants in grades 7–10

from 11 public schools in the Bronx, New York. The study
took place during the months of February–June and

October–December 2008 and was part of a larger study
examining the association of psychosocial factors with
obesity in this population. Inclusion criteria included ad-
equate facility in English and not being enrolled in special
education classes. Of the total number enrolled, 301 did not
complete the depressive symptoms scale and were ex-
cluded from these analyses, leaving a total sample size of
1508. Age, self-efficacy measures, lifestyle behaviors, and
BMI z-score were similar in adolescents who completed
the depressive symptoms scale and in those who had it
missing. However, boys and foreign-born adolescents were
less likely to complete the depression symptoms scale than
girls and US-born adolescents.

Procedure
The study was approved by the institutional review

boards of the Albert Einstein College of Medicine and the
New York City Department of Education. Letters were
mailed to parents informing them of the research study.
Parents were told to mail back a self-addressed prepaid
postcard or to notify a designated school official if they did
not want their child to participate in the study. Before data
collection, students signed an assent form if they agreed to
participate. The overall participation rate was 68%. Reasons
for declining to complete the survey included parental or
student refusals (4% and 26%, respectively), letters returned
by postal office (6%), student transfers to other schools (5%),
and student absenteeism (59%). A self-reported question-
naire was administered to students in classrooms by trained
research staff. Students’ heights and weights were measured
within 1 week of survey administration.

Measures
Depressive symptoms. Kandel’s six-item depressive symp-

toms scale was used to assess depressive symptoms.32,33 The
scale asks students how much they have been bothered by
feelings of being too tired to do things or being unhappy, sad,
or depressed. Responses were on a 3-point scale (‘‘Not at
all,’’ ‘‘Somewhat,’’ or ‘‘Much’’). Scores were computed by
summing responses of each individual item (Cronbach’s
alpha for the study sample = 0.78).

Self-efficacy for healthy food choices. The study used the
nine-item scale developed by Neumark-Sztainer, which
assesses self-efficacy to make healthy food choices in so-
cial, emotional, and normal situations (e.g., ‘‘if you wanted
to, how sure are you that you could eat healthy food when
you are.at a fast food restaurant?’’).34 Responses were on
a 5-point scale that range from ‘‘not at all sure’’ to ‘‘very
sure.’’ For each participant, scores were computed using
the sum of responses to individual items (Cronbach’s alpha
for the study sample = 0.87).

Self-efficacy for being physically active. The study used
Sallis’ six-item self-efficacy scale, which asks students
how sure they were that they could do PA in a variety of
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situations, such as when feeling sad or stressed, or when
having a lot of homework.35 Responses were on a 5-point
scale that ranged from ‘‘I’m sure I can’t’’ to ‘‘I’m sure I
can.’’ A score was derived using the sum of responses to
individual items in the scale (Cronbach’s alpha for the
study sample = 0.85).

Dietary assessment. Fruit and vegetable intake and intake
of energy-dense foods (e.g., cookies and French fries) were
assessed with the short version of the Youth/Adolescent
Questionnaire (YAQ), a food frequency questionnaire
(FFQ) that was validated in the Growing Up Today Study,
and has shown an adequate correlation against the full
YAQ and against 24-hour recall interviews.36,37 Students
were asked to report how often, on average, during the past
year they had eaten the food items listed (e.g., apples and
carrots). Responses were on an 8-point scale that ranged
from ‘‘Never/less than 1 a month’’ to ‘‘More than 3 per
day.’’ Scores were computed by adding the individual re-
sponses to each food item within these food groups.

Physical activity. Vigorous PA was assessed with one
item from the Youth Risk Behavior Survey,38 which asked
‘‘During the last 14 days, how many days have you done at
least 20 minutes of exercise hard enough to make you
breathe heavily and make your heart beat fast?’’ Responses
for this item were on a 5-point scale (‘‘none,’’ ‘‘1–2 days,’’
‘‘3–5 days,’’ ‘‘6–8 days,’’ or ‘‘9 or more days’’), and the
sum of the responses were used to calculate a score for this
variable.

Sedentary behavior. It was assessed by a scale that asked
students how much time they spent doing sedentary ac-
tivities on the most recent day they were not in school.39

Items include time spent watching television, playing
computer or video games, sitting and listening to music,
and sitting and talking on the phone or cell phone or text
messaging, which are sedentary activities common among
adolescents. Whereas the original scale consists of two
subscales for sedentary behaviors during school days and
nonschool days, the latter was used because nonschool
days are less structured and there is more time for adoles-
cents to choose to engage in more active or sedentary
pursuits.40 Responses were on a 9-point scale, from ‘‘none’’
to ‘‘6 hours or more.’’ A score was computed by adding
responses to each item in the scale (Cronbach’s alpha for
the study sample = 0.68).

Height and weight. These measures were obtained by
trained research staff using a standardized protocol. Privacy
screens were set up in the classroom to maintain students’
privacy during assessments. Students were instructed to
wear light clothing and remove their shoes at the time of the
assessment, and each measure was obtained once. Height
was measured using a portable stadiometer (Seca Portable
Stadiometer 214; SECA GmbH & Co. KG, Hamburg,
Germany). Weight was measured using a digital portable

scale (Seca Robusta 813; SECA GmbH & Co. KG). These
measures were used to derive a BMI z-score for each par-
ticipant, using the CDC growth curves for age and sex.41

Sociodemographic characteristics. Students were asked
to report their age, gender, race/ethnicity, and maternal
education.

Statistical Analyses
Descriptive analyses included calculation of the per-

centage distribution and means with their associated
standard deviations (SDs) for categorical and continuous
variables. Before any analyses, variables were checked for
normality. Differences in percentage and means were tested
using chi-square tests for differences between categorical
variables and with the Student’s t-test for continuous vari-
ables. Pearson’s correlation coefficients were calculated to
examine the association between two continuous variables.
Mixed-effects models were conducted to test the associa-
tion of depressive symptoms with BMI z-score and lifestyle
behaviors, accounting for clustering at the school level
and adjusting for potential confounders (age, gender, race/
ethnicity, and maternal education).42

To examine whether self-efficacy was a mediator of
the association of depressive symptoms with lifestyle be-
haviors, a path analysis was conducted with depressive
symptoms specified as the independent variable, self-efficacy
as the mediator, and health behavior as the outcome. A
Sobel-Goodman test was performed to test the statistical
significance of the indirect effects.43,44 Interaction by
gender was examined by including a multiplicative term in
the models (gender*depressive symptoms). Analyses were
performed using Stata statistical software (Stata/SE 12.0;
StataCorp LP, College Station, TX).

Results

Characteristics of the Study Population
The mean age of study participants was 13.9 years (SD,

1.4; range, 11–18) and 53% were female. The sociodemo-
graphic distribution of participants is presented in Table 1.
Adolescent girls reported higher depressive symptoms than
boys (11.3 – 3.0 vs. 10.4 – 2.9; p < 0.001). Girls also re-
ported less self-efficacy for healthy eating and being phys-
ically active than boys (23.5 – 8.5 vs. 24.3 – 8.0; p = 0.048
and 16.6 – 5.7 vs. 19.7 – 5.8; p < 0.001, respectively). Girls
showed lower PA than boys (2.4 – 1.2 vs. 3.2 – 1.33;
p < 0.001), but higher intake of energy-dense foods (31.9 –
12.7 vs. 29.2 – 11.7; p < 0.001) and more time spent in sed-
entary behaviors (24.6 – 7.8 vs. 22.8 – 7.4; p < 0.001).
Compared to non-Hispanic adolescents, Hispanic teenagers
had a higher BMI z-score (0.90 – 0.98 vs. 0.66 – 0.94;
p < 0.001), lower intake of fruits and vegetables (14.2 – 6.9
vs. 15.3 – 6.7; p = 0.01), and lower PA levels (2.7 – 1.3 vs.
2.9 – 1.3; p = 0.02). Further, Hispanic youth reported lower
self-efficacy for healthy eating (23.5 – 8.3 vs. 24.7 – 8.2;
p = 0.02) and lower self-efficacy for being physically active

402 CASTILLO ET AL.



(17.8 – 6.1 vs. 18.6 – 5.6; p = 0.04). Depressive symptoms did
not vary by race/ethnicity. Adolescents with mothers who did
not complete a high school education had higher depressive
symptoms and lower self-efficacy for being physically ac-
tive, compared to adolescents whose mothers had a high
school or greater education attainment (11.4 – 3.2 vs. 10.8 –
3.0, p = 0.008 and 22.6 – 8.5 vs. 24.0 – 8.2, p = 0.03, respec-
tively). However, lifestyle behaviors and BMI z-score did not
vary by maternal educational attainment.

Association of Depressive Symptoms with Body
Mass Index z-Score and Lifestyle Behaviors

Mixed-effects models showed an association between
depressive symptoms, unhealthy lifestyle behaviors, and
excess weight (Table 2). Higher depressive symptoms were
associated with higher intake of energy-dense foods (b =
0.42; p < 0.001), more time spent on sedentary behaviors
(b = 0.48; p < 0.001), and higher BMI z-score (b = 0.02;

p = 0.02). Higher depressive symptoms were significantly
associated with lower PA (b = - .03; p = .01). However, de-
pressive symptoms were not associated with fruit and vege-
table intake or with self-efficacy for healthy eating. When
self-efficacy for being physically active was included in the
models, the magnitude of the inverse association of depres-
sive symptoms with PA was substantially reduced and be-
came nonsignificant, suggesting that this measure of self-
efficacy mediated the association. Results of the path analysis
(Fig. 1) showed direct effects of depressive symptoms on PA
(b = - 0.01; p < 0.01) and indirect effects mediated by self-
efficacy for being physically active (b for indirect effect = -
0.01; p < 0.001). The Sobel mediation test indicated that 50%
of the total effect of depressive symptoms on PA was me-
diated by self-efficacy. Self-efficacy for healthy food choices
did not mediate the association of depressive symptoms and
intake of energy-dense foods. Similarly, self-efficacy for
being physically active did not mediate the association of
depressive symptoms with sedentary behavior (Fig. 1).

Differences by Gender
This study also examined whether the effects of de-

pression on BMI z-score and lifestyle behaviors varied by
gender. In order to test for interaction, we first conducted
separate mixed-effects models for boys and girls (Table 2)
and later added a cross-product term (gender*depression)
to the overall models described in the previous para-
graph. Boys, but not girls, showed an inverse association of
depressive symptoms with physical activity, and this in-
teraction was found to be significant in the full model
( p = 0.04). The association of depressive symptoms and
sedentary behavior appeared to be stronger among ado-
lescent girls than in boys, but the interaction did not reach
statistical significance ( p = 0.07). No interaction with
gender was observed for the association of depressive
symptoms with BMI z-score.

Discussion
The study findings showed that higher depressive symp-

toms were associated with higher intake of energy-dense

Table 1. Characteristics of the Study
Sample
Characteristic N (%)

Female 799 (53)

Hispanic 1123 (75)

Non-Hispanic African American 94 (6)

Other race/ethnicity 291 (19)

US born 1221 (82)

Obesity (BMI ‡ 95th percentile) 361 (22.5)

Maternal education

Less than high school 196 (23)

High school 192 (23)

Some college 117 (14)

College 231 (28)

Graduate education (e.g., master, doctoral) 86 (11)

Table 2. Mixed-Effects Models for the Association of Depressive Symptoms with BMI
and Lifestyle Behaviors

Alla Girlsb Boysb

b (SE) p value b (SE) p value b (SE) p value

BMI z-score 0.02 (0.01) 0.02 0.03 (0.01) 0.005 0.01 (0.01) 0.48

Energy-dense foods 0.42 (0.12) < 0.001 0.54 (0.16) 0.001 0.24 (0.17) 0.16

Physical activity - 0.03 (0.01) 0.01 - 0.01 (0.01) 0.54 - 0.06 (0.02) 0.003

Sedentary behavior 0.48 (0.07) < 0.001 0.60 (0.09) < 0.001 0.33 (0.10) 0.001

aModels are adjusted for age, gender, race/ethnicity, and maternal education.
bModels are adjusted for age, ethnicity, and maternal education.

SE, standard error.
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foods, more time spent on sedentary behaviors, and higher
BMI z-score, but lower PA levels. Consistent with previous
research, adolescent girls had higher depressive symptoms
than boys.2 This study also identified gender differences in
the association of depressive symptoms and weight-related
lifestyle behaviors. Among boys, there was an inverse as-
sociation of depressive symptoms and PA, which was not
observed among girls.

The study findings are consistent with reports from other
research studies.3,7,9,29,45,46 Jaser and colleagues45 showed
that youth with higher levels of depressive symptoms had
higher BMI, and depressive symptoms also showed a
strong inverse correlation with self-efficacy. The National
Longitudinal Study of Adolescent Health (Add Health)
showed that depressed adolescents were twice as likely to
become obese than adolescents without depression.13

Adolescents who were already obese at baseline showed a
worsening of their obesity if they were depressed. Further,
the Trial of Activity for Adolescent Girls study reported
bidirectional associations of depressed mood with obesity

in a large sample of adolescent girls. However, these as-
sociations were observed only among white girls, and not
among minority girls.47

Similar to our findings, Project EAT investigators re-
ported an inverse association of depressive symptoms with
PA among boys, but not girls.4 However, in Project EAT,
girls with higher depressive symptoms engaged in more
sedentary behaviors, an association that was not observed
in boys. Project EAT did not find an association of de-
pressive symptoms with dietary intake, but there was a
significant association with some dietary behaviors; ado-
lescents with higher scores of depressive symptoms re-
ported eating breakfast, lunch, and dinner less frequently
than adolescents reporting fewer depressive symptoms.
Gender differences in the association of depressive
symptoms and PA could be explained by differences in
how boys and girls respond to distress, but further research
is needed to elucidate the reasons for these gender inter-
actions and help improve the effects of health-promoting
interventions.

Figure 1. Path analyses for the association of depressive symptoms, self-efficacy measures, and lifestyle behaviors. Standardized coeffi-
cients are reported in the figure. All models are adjusted for age, gender, race/ethnicity, and maternal education. (A) b for indirect
effect = - 0.0002, p > 0.5; (B) b for indirect effect = 0.001, p > 0.05; (C) b for indirect effect = - 0.01, p < 0.001. *p < 0.05
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One of the novel contributions of the study is examining
the association of self-efficacy with lifestyle behaviors and
depressive symptoms. Whereas the association of self-
efficacy with lifestyle behaviors has been inconsistent
across studies,20 in this study a strong positive correlation
was found between self-efficacy for being physically ac-
tive and PA levels, and a moderate correlation was found
between self-efficacy for healthy eating and intake of fruits
and vegetables. Further, self-efficacy mediated the inverse
association of depressive symptoms and PA; this finding
suggests that depressive symptoms decrease adolescents’
perception of self-efficacy for being physically active and,
in turn, make them less likely to engage in PA. These
results corroborate findings from the few studies that have
examined the relationship between depressive symptoms
and self-efficacy. A prospective study reported that among
girls, increases in depressive symptoms lead to lower PA
levels despite high self-efficacy at baseline.48 Though
Project EAT did not examine self-efficacy in relation to
depressive symptoms,4 the study found that adolescents
with higher depressive symptoms reported more barriers
to healthy eating. In the present study, self-efficacy for
healthy eating did not mediate the association between
depressive symptoms and intake of energy-dense foods.
This could be explained by the nature of the self-efficacy
scale that is specific for healthy foods and does not ask
about adolescents’ perception of their capacity for mini-
mizing intake of foods that are of low nutritional value.

One of the strengths of this study is the community-
based sample of predominantly Hispanic adolescents, a
group that is at disproportionately high risk of obesity and
depression.10,49,50 The large sample size allowed us to
examine interaction effects by gender. An important lim-
itation of the study is the cross-sectional design, which
prevents us from making statements about temporality and
causality. Further, a bidirectional relationship between
efficacy beliefs and depression has been postulated,19,51

with depressive symptoms leading to a sense of low effi-
cacy, and this inefficacy belief, in turn, increasing the sense
of hopelessness and depressive symptoms, thus creating a
detrimental cycle for the adolescent. The lack of pro-
spective data prevents us from testing this bidirectionality.
Similarly, we were unable to determine whether depres-
sion increases the risk of obesity or whether obesity in-
creases the risk of depression; the relationship is suggested
to be bidirectional.14,47

Other limitations of the study include the use of a short
version of an FFQ, self-reported measures of sedentary
behaviors, and a very brief measure of self-reported PA;
thus, there is the potential for measurement error. How-
ever, the measurement error was not systematic, and
therefore it is more likely that it biased results toward the
null. The scale to assess depressive symptoms was a brief
inventory, and not a diagnostic instrument, so caution is
needed when interpreting results. In addition, the study
was conducted during the school academic year and did not
include the summer months. There are likely seasonal

variations affecting the amount of PA and the type of foods
consumed, given that students may decrease their PA be-
cause of cold weather and the availability of certain fruits
and vegetables may decrease during the winter.52 There-
fore, seasonal variability may have led some students to
underreport their usual physical activity. However, for
dietary intake, as students were asked to report their intake
over the past year, seasonal changes in food availability
may be less important. Further, seasonal variability of
depressive symptoms may affect only older adolescents
(16–18 years of age) and do not appear to be as pronounced
as for adults.53

The study results have important clinical implications.
Minority urban youth are reported to have higher burden of
obesity and depressive symptoms.10,49,50 Both are complex
health conditions requiring intense interventions, and the
resources to address these needs in disadvantages areas,
such as the Bronx, are scarce. Two reports addressing
children’s mental health needs in the Bronx found that
more than half (57%) of referrals for outpatient mental
health services never receive any treatment.54,55 The main
barriers to address these needs are related to a reduced
workforce capacity, limited insurance coverage, and lan-
guage barriers.54,55 Further, these reports also indicate that
the majority of children needing mental health services in
the Bronx were of Hispanic or African American back-
ground, but the majority of providers were not, suggesting
that cultural sensitivity may be another barrier to care.54,55

Improving youth access to mental health services has the
potential for improving health above and beyond men-
tal health functioning, reducing the risks of obesity and
chronic diseases.

Conclusions
The study findings highlight the need to address mental

health in our efforts to reduce obesity and promote the
adoption of healthy behaviors in order to decrease the risk
of chronic disease later in adulthood. More research is
needed to gain a better understanding of the behavioral
processes that link mental health to lifestyle behaviors and
obesity in youth. Future studies may need to identify the
factors that may modify and ameliorate the effects of de-
pressive symptoms on health behaviors to build more-
successful prevention programs. For example, resilience
factors that may buffer the effects of depressive symptoms
(e.g., parental support and positive coping strategies) need
to be identified. The role of the urban environment needs to
be considered in explaining the link between obesity and
mental distress in youth. Many studies have found that
exposure to neighborhood disorder and violence as well as
limited access to fresh produce and places to exercise are
important predictors of obesity.56 These neighborhood
characteristics are very common in urban areas and have
been also related to mental functioning.57–59 All these as-
pects may be particularly important during adolescence,
given that this is a critical period for the development of
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obesity and for the emergence of depressive symptoms.
Further, minority adolescents report higher depressive
symptoms than nonminority adolescents60 and may have
limited access to mental health services61; thus, building
mental health components into health promotion inter-
ventions may have a greater impact on adolescents’
physical and mental health.
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