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Abstract The association between major depressive dis-
order (MDD) and obesity was assessed in 4,150 US ado-
lescents aged 12-19 years from the 2001-2004 National
Health and Nutrition Examination Survey. Weight and
height were measured by health professionals and MDD
was based on a structured diagnostic interview. The prev-
alence of MDD in the past year among US adolescents was
3.2% and 16.8% of US adolescents were obese. After
adjustment for sex, age, race/ethnicity and poverty, MDD
was not significantly associated with obesity among ado-
lescents overall (adjusted odds ratio (adjOR) = 1.6, 95%
confidence interval (CI) = 0.9-2.9), but an increased odds
of obesity was observed among males (adjOR = 2.7, 95%
CI = 1.1-7.1) and non-Hispanic blacks (adjOR = 3.1,
95% CI = 1.1-8.3) with MDD. Future research on strate-
gies that might reduce the risk of obesity in males and non-
Hispanic black adolescents with MDD may be warranted.
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Introduction

There has been increasing awareness of the public health and
individual impact of major depressive disorder since the
release of the World Health Report (Mathers et al., 2004)
that found depression was the leading cause of disability
worldwide. The recurrence risk for depressive episodes is
high (~60%), mortality risk is increased, and co-morbid
psychological and chronic medical conditions are com-
mon (American Psychiatric Association, 1994). There is
increasing evidence that depression emerges in late child-
hood and adolescence, and that early age at onset is associ-
ated with greater chronicity and severity (Merikangas et al.,
2009). Even mild symptoms of depression in adolescents are
associated with a range of chronic diseases including dia-
betes, asthma and heart disease (Tomfohr et al., 2008). Major
depressive disorder represents the severe end of a spectrum
of depressive disorders. Regardless of prevalence period
or recall length, major depressive disorder is much less
common (1-6%) than depressive symptoms (20-50%) in
adolescents (Kessler et al., 2001).

The prevalence of obesity' (body mass index >95th
percentile for age and sex) increased from 10.5% in
1988—-1994 to 17.8% in 2005-2006 among US youth aged
12-19 years (National Center for Health Statistics, 2009).
The complications of child and adolescent obesity are
extensive and varied, including psychosocial, neurological,
endocrine, cardiovascular, pulmonary, gastrointestinal,
renal and musculoskeletal domains, and many of these

! The 95th percentile of body mass index for age and sex is described
interchangeably in the literature as “obese” and “overweight” for
children and adolescents. We have chosen to use the terminology
“obesity” as defined by the Centers for Disease Control and Prevention
(CDC) (http://www.cdc.gov/obesity/childhood/defining.html).
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risks persist into adulthood (Ludwig, 2007; Reilly et al.,
2003).

Several recent comprehensive reviews and meta-analy-
ses on the association between obesity and depression have
yielded inconsistent results (Atlantis & Baker, 2008;
Blaine, 2008; de Wit et al., 2010; Luppino et al., 2010;
Scott et al., 2008). Overall, the literature on adults suggests
that obesity” is weakly associated with major depression.
Findings appear stronger in US studies, with two nation-
ally-representative surveys of adults reporting significantly
elevated risk for major depression associated with obesity
(Petry et al., 2008; Simon et al., 2006). Although the cross-
sectional nature of these studies precludes inferences
regarding directionality of the association, the few pro-
spective studies reveal that depression is more likely to
elevate the risk of subsequent obesity than the converse
(Blaine, 2008; Hasler et al., 2005; Luppino et al., 2010).
The recent results of the US CARDIA study confirm that
depression precipitates weight gain (Needham et al., 2010).
The largest meta-analysis of adult international population-
based cross-sectional studies (de Wit et al., 2010) also
concluded that there is a moderate association between
depression and obesity, particularly in women.

While many clinical and community studies have
observed associations between obesity and depression in
adolescents or subgroups of adolescents (Anderson et al.,
2006; BeLue et al., 2009; Goodman & Whitaker, 2002;
Mustillo et al., 2003), this is not uniformly the case
(Wardle et al., 2000). A recent meta-analysis of prospective
studies revealed that the association between obesity and
depression is greater in adolescents, particularly females
(Blaine, 2008). In a cross-sectional analysis, the National
Longitudinal Study of Adolescent Health (Add Health)
found no association between weight and depressive
symptoms among girls, but did find associations among
boys that varied by ethnicity (Frisco et al., 2009). Greater
rates of depressive symptoms were reported by Hispanic
and non-Hispanic black normal weight, but not overweight
boys. Perhaps more significant, however, is the finding that
boys and African-American youth tend to underestimate
their weight relative to girls and to white youth (Martin
et al., 2009) suggesting that studies of measured height and
weight may decrease bias.

The conflicting findings from previous research are
related to both sociodemographic characteristics of the
samples as well as to methodologic differences in assess-
ment of depression and weight. Measures of weight ranged
from self reports of perceived overweight to self-reported
body mass index to measures of waist circumference and
body mass index by a health professional. Likewise,

2 The standard definition for obesity in adults is a body mass index
>30.
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assessment of depression varies from self-reported check-
lists of depressive symptoms to cross-sectional diagnoses
of major depression elicited by structured interviews and
Diagnostic and Statistical Manual of Mental Disorders-IV
major depressive disorder assessed through structured
diagnostic interviews. In terms of demographic correlates,
gender differences appear to be more pronounced in studies
that rely on self-reported weight (Ge et al., 2001). Although
obesity and overweight have been associated with socio-
economic status and ethnicity in adults (Paeratakul et al.,
2002) and children (Taveras et al., 2010), few previous
studies have had sufficient samples across diverse ethnic
subgroups to assess the association between obesity and
depression by ethnicity and socioeconomic status. Given
the public health significance of this issue, an assessment of
the relation between major depressive disorder and obesity
in American adolescents could help to clarify the nature of
the co-morbidity as well as identify any potential impact of
demographic characteristics that have been shown to be
related to either obesity or depression, such as gender, age
and poverty. Investigation of this association with reliable
and valid measures of body mass index and major
depressive disorder in a large, diverse sample could help to
resolve some of the inconsistent findings from previous
studies.

The present study estimates the prevalence of obesity in
adolescents with and without major depressive disorder in
the past year using nationally-representative data from the
National Health and Nutrition Examination Survey
(NHANES) which included direct professional measures of
body mass index and major depressive disorder defined
according to the Diagnostic and Statistical Manual of
Mental Disorders-IV criteria. Potential modification of the
association by sex, age and ethnic subgroups of the US was
also examined.

Methods

The 2001-2004 NHANES includes interviews and medical
examination of a nationally-representative sample of non-
institutionalized US citizens. The NHANES is designed to
assess the health of the US population and additional detail
on the survey and exams can be found at: http://www.cdc.
gov/nchs/nhanes.htm.

The sample available for this analysis includes a total of
4,659 adolescents aged 12-19 years who were oversam-
pled in the NHANES 2001-2004 surveys. The response
rate in this subsample was 86%, and no differences
emerged between participants and non participants in the
survey. All youth were evaluated in person in the Mobile
Examination Centers. Adolescents were excluded from the
analysis if they were pregnant (n = 102), missing data on
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depression (n = 364) or obesity (n = 43). This analysis is
based on 4,150 youth with complete data on study variables
(89% of the total examined sample and 76% of the
screened sample).

The diagnosis of major depressive disorder in the past
year was based on the National Institute of Mental Health
(NIMH) Computerized Diagnostic Interview Schedule for
Children, a structured diagnostic interview. The Comput-
erized Diagnostic Interview Schedule for Children is
equivalent to the NIMH-Diagnostic Interview Schedule for
Children-IV and includes probes that address specific
Diagnostic and Statistical Manual of Mental Disorders-IV
diagnostic criteria (American Psychiatric Association,
1994; Shaffer et al., 2000). Depending on the age of the
child, diagnostic information is obtained from the adoles-
cent only (participants aged 16—19 years) or from both the
adolescent and his or her parent (participants ages
12-15 years). The Computerized Diagnostic Interview
Schedule for Children reduces error by automating the
interview, with scoring algorithms that provide current and
past-year diagnoses based on the youth-report, parent-re-
port, or a combined report. Because parents and children
provide unique information, responses from both parents
and youth were used to classify major depressive disorder
in this analysis (Costello et al., 1985; Jensen et al., 1999).

Obesity was based on clinical measurements and was
defined as body mass index (kg/m?) at the 95th percentile
or above using the age- and sex-specific Centers for Dis-
ease Control and Prevention (CDC) 2000 Growth Charts
(Ogden et al., 2002). Sex, age, race/ethnicity, and poverty-
income ratio were selected for analysis a priori. Age was
categorized in two groups (12-15 years and 16-19 years)
to compare results for younger and older adolescents. Race/
ethnicity was based upon NHANES parent or self-report
and national estimates are available for Mexican—Ameri-
can, non-Hispanic white, and non-Hispanic black youth.
During the study time period, NHANES oversampled
Mexican—American and non-Hispanic black youth, so
while all adolescents are included in analyses, no national
estimates are possible for the smaller race/ethnicity sub-
groups. The poverty-income ratio was used to compare
family income level for families of given size and com-
position to the poverty threshold established by the US
Census Bureau. We analyzed three categories (<1.0,
1.0-1.9, and 2.0+) based on the distribution of the data with
attention to those near or below the poverty level.

All NHANES participants completed informed consent/
assent before participation. This project was designated
exempt by the George Washington School of Public Health
Institutional Review Board. We received restricted-use
access to the Computerized Diagnostic Interview Schedule
for Children data based on our approved application and
data confidentiality agreement. Analyses were conducted in

the Research Data Center at the National Center for Health
Statistics.

SAS (version 9.1) and SUDAAN (version 9.0.1) were
used to adjust for NHANES sampling weights and cluster-
ing. Descriptive statistics were calculated and chi-square
tests conducted between each covariate and obesity and
depression. Crude and adjusted logistic regression assessed
the odds of obesity among adolescents with major depressive
disorder compared to those without major depressive disor-
der given the prospective evidence that obesity is a conse-
quence of depression, although we recognize that the
relationship may be reciprocal. Interactions between major
depressive disorder and each of the potential confounders
were examined and stratified analyses were conducted by
sex, age, race/ethnicity, and the poverty-income ratio to as-
sess potential effect modification on the association between
obesity and major depressive disorder.

Results

The prevalence of obesity was 16.8% among US adolescents
aged 12-19 years (Table 1) and no significant variation in
obesity was observed for gender, age or poverty. Non-His-
panic black adolescents had the highest rate of obesity
(21.3%), followed by Mexican-Americans (18.8%) and non-
Hispanic whites (16.2%). The prevalence of major depres-
sive disorder in the past year was 3.2% among adolescents
aged 12-19 years. The percent of female adolescents with a
diagnosis of major depressive disorder (4.9%) was higher
than the percent of males with major depressive disorder
(1.7%). No significant variation in major depressive disorder
was observed for age, race/ethnicity or poverty.

Among all adolescents, both the unadjusted and adjusted
analyses resulted in a non-significant sixty percent increase
in the odds of obesity associated with major depressive dis-
order (Table 2). None of the interactions tested were statis-
tically significant, likely due to a lack of power to detect an
interaction. However, the stratified analyses indicated that
the odds of obesity were increased among male adolescents
with major depressive disorder (adjusted Odds Ratio
(adjOR) = 2.7, 95% Confidence Interval (CI) = 1.1-7.1)
and among all non-Hispanic blacks with major depressive
disorder (adjOR = 3.1, CI = 1.1-8.3). No significant dif-
ferences were observed with respect to poverty or age.

Discussion
To our knowledge, this is the first study to examine the

association between major depressive disorder and obesity
in a nationally-representative group of US adolescents
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Table 1 Prevalence of obesity and major depressive disorder in the past year among adolescents aged 12—19 years: United States, 2001-2004

n Obesity Major depressive disorder
% SE P value % SE P value
Total 4,150 16.8 1.06 32 0.40
Sex
Males 2,147 18.0 1.21 0.16 1.7 0.43 <0.001
Females 2,003 15.6 1.47 4.9 0.60
Age
12-15 years 2,124 16.8 1.39 0.97 33 0.63 0.80
16-19 years 2,026 16.9 1.33 3.1 0.52
Race/ethnicity
Mexican—American 1,273 18.8 1.22 <0.01* 3.8 0.58 0.39*
Non-Hispanic Black 1,348 21.3 1.13 2.6 0.58
Non-Hispanic White 1,212 16.2 1.45 3.0 0.57
Poverty income ratio”
<1.0 1,411 18.4 1.49 0.39 33 0.57 0.91
1.0-1.9 1,039 17.0 1.78 35 0.74
2.0+ 1,700 16.0 1.35 3.1 0.61

Obesity is defined as greater than or equal to the 95th percentile of the 2000 CDC growth chart by age and gender
“P value based on four race/ethnicity categories: Mexican—American, Non-Hispanic Black, Non-Hispanic White, and all other races including
multiple races

®An index calculated by dividing family income by a poverty threshold specific to family size and composition

Table 2 Odds of obesity among adolescents aged 12—19 years with major depressive disorder in the past year compared to adolescents without
major depressive disorder: United States, 2001-2004

n Unadjusted odds ratio (95% CI) Adjusted® odds ratio (95% CI)

Total 4,150 1.5 (0.8-2.7) 1.6 (0.9-2.9)
Sex

Males 2,147 2.7 (1.0-7.0) 27(11-17.10)

Females 2,003 1.2 (0.6-2.5) 1.3 (0.6 - 2.7)
Age

12-15 years 2,124 2.0 (0.94.5) 2.0 (0.9-4.6)

16-19 years 2,026 1.0 (0.4-2.9) 1.3 (0.5-3.3)
Race/ethnicity

Mexican—American 1,273 1.7 (0.8-3.5) 1.7 (0.8-3.5)

Non-Hispanic Black 1,348 3.2 (1.2-8.3) 3.1 (1.1-8.3)

Non-Hispanic White 1,212 1.7 (0.7-3.9) 1.9 (0.8-4.3)
Poverty income ratio”

<1.0 1,411 1.4 (0.5-3.5) 1.4 (0.5-3.4)

1.0-1.9 1,039 1.1 (0.4-2.7) 1.1 (0.4-2.9)

2.0+ 1,700 1.8 (0.8-4.4) 2.1 (0.9-5.0)

Obesity is defined as greater than or equal to the 95th percentile of the 2000 CDC growth chart by age and gender

95% CI 95% confidence interval

* Total adjusted for age, sex, race/ethnicity, and poverty income ratio; other models adjusted for the remaining control variables
" An index calculated by dividing family income by a poverty threshold specific to family size and composition

Bold values indicate significant findings

using clinically assessed height and weight and clinical  us to expand prior research based on smaller studies of US
diagnoses of major depressive disorder. In addition, the  youth. In contrast to our expectations, we did not observe a
over-sampling of adolescents of ethnic subgroups enabled  significant association of obesity and major depressive
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disorder among all adolescents. However, subgroup anal-
yses revealed that there was an association between
depression and obesity in boys and non-Hispanic black
adolescents.

The increased odds of obesity among boys with major
depressive disorder is consistent with the results of
Mustillo et al. (2003) who demonstrated an association
between depressive disorders and chronic obesity in boys,
but not in girls, from age 9 to 16 years. However, Anderson
et al. (2007) reported that depression among young females
was associated with higher body mass index z-scores in
adulthood. The low frequency of depressive disorder in
young males in prior studies, as well as our own in which
only 1.7% of boys had major depressive disorder, may be a
factor in the lack of consistency across studies.

The significant positive association between obesity and
depression among non-Hispanic black adolescents appears
to be a novel finding. Consistent with our findings, African-
American or non-Hispanic black youth are generally more
likely to be overweight (Ogden et al., 2008) and less likely
to be depressed (Roberts et al. 2006) than non-Hispanic
white youth, but the increased odds of obesity among non-
Hispanic black adolescents with major depressive disorder
has not been previously reported. Stratification of the
analysis by race/ethnicity within genders was not possible
because of the small sample size. However, future studies
of this intriguing question are warranted.

Somewhat surprisingly, we did not observe any signifi-
cant variation in obesity prevalence by age or poverty
status among the adolescents studied. This may in part be
due to the small age range studied (12-19 years). While
lower socio-economic status has been associated with
poorer diet and lower physical activity in adolescence, the
findings are not as consistent or strong as those for adults
(Hanson & Chen, 2007).

Prior US nationally-representative investigations of
depression and overweight or obesity in adolescents have
relied on less rigorous measures. The 2003 National Survey
of Children’s Health, for example, used a single question
about mood disorders to identify youth with depression,
“Has a health professional ever told you that your child has
a problem with depression or anxiety?” (BeLue et al.
2009). Further, many previous studies of adolescent
depression and obesity have used height and weight as
reported by parents or youth, introducing the possibility
of greater measurement error and bias in these data
(Akinbami & Ogden, 2009). A major strength of the cur-
rent analysis is the use of clinically-measured height and
weight to calculate body mass index. Self-reported weight
is prone to error, particularly with a bias among adolescent
girls who under-report their weight (Ge et al., 2001). The
use of the Computerized Diagnostic Interview Schedule for
Children, a detailed diagnostic survey instrument, to

determine the diagnosis of major depressive disorder is an
additional strength.

The cross-sectional design of the study is a limitation in
that it does not allow us to determine causality; however,
prospective research has consistently shown that depressive
symptoms and disorders tend to precede the onset of
weight gain and obesity (Blaine, 2008; Hasler et al., 2005;
Luppino et al., 2010). The recent finding that depression
preceded weight gain in a very large prospective study of
US adults also supports a depression-to-obesity interpre-
tation of this cross-sectional association (Needham et al.,
2010). The nature of this association is also complicated by
the fact that appetite and weight change are symptoms of
depression so the recurrence and chronicity of depression
may be an important determinant of this association.

In summary, we found a significant association between
major depressive disorder and obesity among males and
among non-Hispanic black adolescents. Given the recent
recommendation of the US Preventive Services Task Force
for primary care physicians to screen adolescents for major
depressive disorder, further exploration of the association
between major depressive disorder and obesity for various
subgroups of adolescents is warranted (US Preventive
Services Task Force, 2009). An integrated approach
including careful monitoring of depression and obesity
among mental and physical health professionals may help
to address and minimize the consequences of these
important public health problems.
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