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Adult mood disturbances are highly correlated with obesity, although little is known about the
developmental relationship between mood disorders and weight. This study investigated the
relationship between childhood psychopathology and weight over the course of 3 years. Body
Mass Index (BMI) percentiles and demographic data of children (ages 8-18) with depression (n =
143) or anxiety (n = 43) were compared to healthy controls (n = 99). Both childhood depression
(xc = 4.6, p = 0.03) and anxiety (y = 6.0, p = 0.01) were associated with increased BMI
percentiles. Compared to controls, BMI percentiles of depressed females over the course of the
study differed profoundly (x2 = 7.0, p = 0.01) and BMI percentiles of anxious females approached
significance (x2 = 3.7, p = 0.06). Males with anxiety showed a greater trend towards overweight
(x2 = 3.3, p = 0.07) in comparison to controls. The major finding that depression and anxiety are
associated with increased BMI percentiles in a non-obese sample suggests that childhood
psychopathology is an important factor that should be carefully monitored.
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Introduction

Over the past three decades, childhood obesity rates have more than tripled for children 6—
11 years-old and more than doubled for preschool children 2-5 years old and adolescents
12-19 years old [1]. Based on the National Health and Nutrition Examination Survey
(NHANES), 31% of children ages 6-19 are at risk for overweight and obesity and 16% of
children ages 6-19 are already overweight [2]. This obesity epidemic highlights the need to
increase prevention and intervention efforts, possibly by targeting younger and less
overweight children. Thus, it is critical to identify factors that are associated with increased
weight in childhood.

One approach to controlling the national obesity epidemic involves an increased
understanding of and attention to the relationship between weight and mood disturbances
[3,4]. Given the strong correlations among clinically significant weight gain, depression, and
anxiety [5,6], a current area of focus is the connection between psychopathology and weight
in childhood. Affective disturbances commonly occur during development [7,8], and recent
studies suggest that increased weight is correlated with depressive and anxiety symptoms in
childhood, as demonstrated by greater Body Mass Index (BMI, defined as height to weight
ratio [kilograms/meters squared]) [6,9-11]. Given that adolescence is a significant period of
emotional and physical maturation [12], it is fundamental to acknowledge the influence of
mood/anxiety disorders on weight and to explore this relationship to better understand, treat,
and prevent pediatric obesity [3,12,13].

An important area to explore is the role of gender in weight and mood/anxiety trajectories.
The child and adult literature discuss gender differences in the relationships between
overweight and mood, although there are divergent findings about the distinctions between
males and females. Many studies suggest that obesity and emotional disorders tend to occur
more frequently among females [3,14-16]. Anderson et al. [3] suggest that, for girls,
anxious and depressive symptomatology in childhood predicts higher weight in adulthood.
Furthermore, some research suggests that the relationship between weight and mood is more
pronounced among women than men [17], whereas the association between weight and
anxiety is stronger among men than women [18]. Some research, however, suggests that
these relationships are similar across genders [19], which may indicate that those who are
obese or overweight are at a greater risk for emotional disorders, regardless of gender.
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While the knowledge base for overweight and obesity continues to expand, the specific
mechanisms promoting weight gain in children remain unclear. Existing research has not
investigated children with major depressive disorders or anxiety disorders and tracked BMI
prospectively over significant periods of time [20]. This study will advance knowledge in
the field by examining the longitudinal trajectory of children and adolescents with
depression (i.e., major depressive disorder) and anxiety (i.e., generalized anxiety disorder,
social phobia) who are not obese at baseline in comparison to psychologically healthy
controls. For this study, we have two main hypotheses. First, we predict significantly greater
BMI percentiles for children with depression or anxiety than normal controls. Second, we
hypothesize that gender will be associated with BMI. This study is the first to address some
of the methodological caveats and to explore these relationships longitudinally using
validated objective measures of weight, height, depression, and anxiety in non-obese
children with clinical diagnoses.

This sample includes data from 285 children participating in a longitudinal study examining
psychobiological underpinnings of depression [21,22]. Children (49% female, 81%
Caucasian and 10% African American) ranged in age from 8 to 18 (M = 11.71; SD = 2.25)
at baseline. Participants were divided into three groups based on the child’s current
psychiatric diagnoses at the time of the baseline assessment: (a) Major Depressive Disorder
(MDD), n = 143; (b) Anxiety Disorder, n = 43; and (c) Low-risk for depression/Healthy
controls, n = 99.

Inclusion Criteria

For our analyses, we restricted the sample to the 285 children with baseline data on BMI
percentile and a baseline diagnosis of depression, anxiety or control. Children with MDD
met diagnostic criteria according to DSM-111-R [23] or DSM-IV [24] classification for major
depressive disorder (with or without dysthymic disorder). Children with anxiety met
diagnostic criteria for generalized anxiety disorder, separation anxiety disorder, or social
phobia, according to DSM-I111-R [23] or DSM-1V [24] classification. For children with both
depression and anxiety, the primary Axis | diagnosis was defined as the disorder that caused
the most clinical distress and impairment to the participant. If this decision was not able to
be made by the clinician, the participant was not included in the current sample. To be in the
low-risk/control group, children were required to be free of any lifetime psychopathology
and to have no first-degree relatives with a lifetime episode of any mood or psychotic
disorder; no second-degree relatives could have a lifetime history of childhood-onset,
recurrent, psychotic, or bipolar depression or schizoaffective or schizophrenic disorder; and
no more than 20% of second-degree relatives could have a lifetime episode of MDD.

Exclusion Criteria

Since the children in this study were originally recruited to participate in a broader set of
biological protocols [25], the following exclusionary criteria applied at the time of the initial
interview: (1) the use of any medication with central nervous system effects within the past
2 weeks (including psychotropics); (2) significant medical illness; (3) extreme obesity or
growth failure; (4) 1Q of 70 or less; (5) inordinate fear of intravenous needles; and (6)
specific learning disabilities.

Furthermore, for the purposes of this paper, children in the larger sample were also excluded
if they were healthy but high-risk for developing MDD or an anxiety disorder, based on their
family history. Children were considered to be at high risk if they had at least one-first-
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degree and one-second-degree relative with a history of childhood-onset, recurrent, bipolar,
or psychotic depression and they were required never to have had a lifetime episode of any
mood disorder [25].

All study procedures were approved by the University of Pittsburgh’s Institutional Review
Board. Between January 1987 and April 2002, children were recruited from three sources:
(1) community advertisements (primarily radio and newspaper ads), (2) inpatient and
outpatient clinics at a major medical center in which children or their parents were being
treated, and (3) referrals from other research studies or other participants in the present
study. Interested participants contacted research staff and completed a phone screen to
determine initial eligibility for the study. They were invited to the laboratory to complete
more comprehensive structured interviews if the phone screen suggested that they might
meet criteria for the study. At the laboratory visit they completed psychiatric interviews,
questionnaires, a physical examination, and psychophysiological assessments [25]. A
sociodemographic questionnaire was used to obtain sociodemographic information from
parent and child such as age, gender and socioeconomic status [26].

Structured diagnostic interviews were administered to establish lifetime and present
psychiatric diagnoses and familial risk for affective disorder. In the initial years of the study,
children were administered the Schedule for Affective Disorders and Schizophrenia for
School-Age Children-Epidemiologic version (K-SADS-E) [27] to assess lifetime history and
the Schedule for Affective Disorders and Schizophrenia for School-Age Children (6-18
years)-Present Episode version (K-SADS-P) [28] to assess current episodes. During the later
years of the study, the Schedule for Affective Disorders and Schizophrenia in School-Age
Children-Present and Lifetime version (K-SADS-PL) [29] was used, which combines
aspects of the K-SADS-P and K-SADS-E into one interview. Parents and children were
interviewed and if discrepancies were found, clinicians integrated information from both
sources to make final decisions. Qualifying children completed a battery that included
psychophysiological tests and questionnaires about the psychosocial environment [25].
Upon completion of the baseline visit, children were invited to return for annual follow-up
visits that included follow-up psychiatric interviews for children and re-administration of
tasks. The present report focuses on psychiatric evaluations completed each year over the 3
years following the baseline assessment. BMI was measured by research associates at each
psychiatric evaluation utilizing a calibrated SECA™ scale and stadiometer; Epilnfo NutStat
computer program was used to analyze anthropometric data based on the Center for Disease
Control’s 2000 standards.

All interviews were carried out by trained Bachelor of Arts- and Master of Arts-level
research clinicians. Interrater reliabilities for diagnoses assessed during the course of this
study were estimated to be k > 0.70. The results of the interview were presented at a
consensus case conference with a child psychiatrist, who reviewed the findings and
preliminary diagnosis and provided a final diagnosis based on DSM-111-R or DSM-1V
criteria.

Statistical Analyses

Baseline assessments of the relationships between our covariates and diagnoses were
performed using ANOVA, chi-squared, or Fisher’s exact tests, as appropriate. Comparisons
of BMI percentile with diagnosis and the other covariates were conducted using the
nonparametric Wilcoxon or Kruskal-Wallis tests and Spearman correlation coefficients due
to the skewed distribution of BMI percentile. The longitudinal associations between
diagnosis and BMI percentile for the three time periods included in our study were evaluated
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using generalized estimating equations (GEE) and linear contrasts were constructed to assess
the BMI percentile differences between the depression and control and between anxiety and
control subgroups. GEE models allowed the use of all available data for each subject, while
also accounting for the correlated structure of the data due to the repeated measures over
time. BMI percentile was modeled as a continuous variable assuming compound symmetry.
Given that GEE are fairly robust to the normality assumption, untransformed BMI
percentiles were used. Alternative GEE approaches (e.g., multinomial) also yielded similar
results. In addition to the overall model, separate models were fitted for females and males.
The reference models included fixed effects for diagnosis group and time. The interaction
between diagnosis group and time was tested to see if the rates of change over time in BMI
percentile differ among the three groups, but was not significant for either gender.
Adjustments were considered to control for the effects of gender, age, race, and SES. Only
terms that added significantly to the model were retained. Missing observations were treated
as missing completely at random and all GEE analyses were implemented using SAS PROC
GENMOD.

Of the 285 children included in this study, 143 had major depressive disorder, 43 had an
anxiety disorder, and 99 were identified as low-risk/control children. Ages at baseline
ranged from 8 to 18 (11.71 £ 2.25 years old) with 49% female, 81% Caucasian and 10%
African American. The average BMI percentile was 56.34 + 27.82 and the average SES
score was 37.79 * 14.23, as measured by the Hollingshead Four-Factor Index [26].

Table 1 presents demographic characteristics of participants by diagnostic group. Table 2
shows the results of the GEE models. Both the depressed and the anxious groups had higher
BMI percentiles than the control group (differences of 7%, 2 = 4.6, p = 0.03 for the
depressed group and 12, ¥2 = 6.0, p = 0.01, for the anxious group respectively). Even more
pronounced differences were found for females with an estimated BMI percentile difference
of 11 (2 = 7.0, p = 0.01) for depressed compared to low risk children. The difference was
14 (x2 = 3.7, p = 0.06) for anxiety disorder compared to low risk females. For male children
neither comparison reached statistical significance. Males with anxiety showed a greater
trend towards overweight (difference = 11, ¥2 = 3.3, p = 0.07) in comparison to controls. For
all males, there was a significant 9% drop in BMI percentile after a year (x2 = 9.7, p = 0.01).

While BMI and diagnosis data existed for 285 children at baseline, this decreased to 229 by
the second year and 196 children by the third year. No differences existed on key
demographic or dependent variables between those who completed the third assessment and
those who dropped out. GEE approach estimates parameters using all available data from
each year and provides better estimates of the “average” performance at each time point.
Figure 1 plots the estimated BMI percentiles by diagnosis across the 3 years for both males
and females using the GEE models, and Figs. 2 and 3 display the estimated BMI percentile
data separately for females and males, respectively. For females, the depressed and anxiety
disorder groups have similar BMI percentiles over time that are higher than low risk group,
whereas for males, the anxious group is elevated, while the depressed group is similar to the
low risk group.

Discussion

This study provides the unique opportunity to examine body weight throughout childhood in
non-obese children with psychiatric diagnoses. The major finding that adolescent depression
and anxiety are associated with BMI percentile in a non-obese sample replicates previous
work in obese samples [3,6,9,10,30,31]. The results of this study add to the growing
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literature suggesting that psychiatric status is related to elevated BMI in childhood and
adolescence. Our study found that children with emotional disorders have greater BMI
percentiles than their non-clinical counterparts. This difference was maintained throughout
the course of the study, indicating that the presence of anxiety and depression is associated
with increases in the likelihood for elevated BMI. The results also indicate that there are
gender differences in these relationships. Anxiety is associated with elevated BMIs in both
boys and girls, although depression is related to elevated BMIs only for girls.

Adolescent girls and boys demonstrate differences on various psychosocial variables; these
distinctions have been hypothesized to be linked to gender differences in adolescent
emotional and physical development [32]. One difference that may distinguish female
weight gain is the internal attitude toward weight and physical appearance [33]. Girls,
especially those with MDD or anxiety, are more likely than boys to engage in dysfunctional
thinking pertaining to body image, self-worth, and well-being [34]. Such thoughts may serve
to discourage them from participating in physical activity or in seeing the value of making
nutritious food choices [33], thus resulting in weight gain over time. Societal pressures may
also differ for boys and girls, especially in terms of the stereotyped ideal of female thinness,
which can lead to decreased body satisfaction and increased anxiety, depression, anger, and
body dissatisfaction among females [35].

The relationship between BMI percentile and depression/anxiety could be due to several
plausible mechanisms [10]. First, elevated depressive or anxious symptoms could exacerbate
the likelihood of weight gain over time [3]. For example, depression or anxiety could affect
diet or activity levels that could lead to elevations in sedentary behavior, increase in
emotional eating, and decrease in exercise. Second, psychiatric medication use may affect
weight directly or indirectly, as in practice of eating in the absence of hunger (i.e., an
increase in reported psychological hunger) and may contribute to this complicated
relationship [36]. Third, depression, anxiety, and weight could be influenced by additional
social and biological risk factors. It is crucial to better understand the social pressures for
thinness and consequential effects on mood. For instance, there may be different types of
depression and anxiety among overweight children and adolescents that influence their
eating behavior and physical activity levels. Additionally, preliminary data [4] provide
evidence that hormonal factors, including adolescents’ menstrual cycles, may shed light on
mood fluctuations. Such hypotheses warrant further investigation, which may offer future
directions for prevention or treatment interventions.

These findings offer important clinical implications: upon identifying children with
depression or an anxiety disorder, clinicians should recognize the increased risk of such
patients to struggle with weight-related issues, possibly due to the various psychosocial and
biological factors involved. Future investigations are needed to determine the most
efficacious treatment protocol, including the effects on outcome measures of treating
depression or weight first, versus providing simultaneous treatment for both issues.
Additionally, it would be interesting to compare children with depression, anxiety, and
controls who stay in the same BMI category (i.e., do not become obese) versus those who
become obese. Furthermore, another area of future study is to examine the role of mood
disturbances and emotion regulation as mediating factors for weight gain. Preliminary data
[4] show that self-esteem and depression improve over time with weight loss preventions or
interventions, thus it is possible that a broader cognitive behavioral approach may be fitting.

One limitation of this study is the inclusion criteria because these data were embedded
within a larger study investigating the psychobiological underpinnings of mood disorders in
children. Furthermore, this study is limited in its ability to draw conclusions about the causal
effects of childhood emotional disorders upon adult BMI and is intended to provide
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information about the co-occurrence of childhood depression/anxiety and increased weight.
As is the case with most longitudinal studies, participant drop-out can also be identified as a
limitation.

These limitations notwithstanding, our data indicate the importance of addressing concurrent
depressive/anxiety symptoms and overweight in childhood, as well as the need to track these
issues longitudinally. It is crucial to understand the interplay of emotional disorders
(primarily anxiety and depression) and weight gain from a behavioral, neurobiological, and
physiological perspective for future studies. These data show that group differences begin to
appear during childhood. The results also suggests that further study of the causal
relationships between weight and mood/anxiety may lead to the development of more
effective interventions to treat or prevent weight gain during childhood, a period of both
developmental and behavioral plasticity. In providing a preventative program, it is possible
and advantageous to teach children various physical and mental health strategies that can be
engrained into lifestyle changes and utilized throughout their lifetime.

The present study examined the relationships between mood disorders and weight in
children. Our results indicate that in comparison to controls, over the course our study,
children who suffer from depression or anxiety are more likely to have increased BMI
percentiles. The analyses also revealed gender differences in the relationships. While both
girls and boys with anxiety have elevated BMI percentiles, girls with depression have
elevated BMI percentiles, as well, whereas boys with depression follow the same weight
trajectory as low-risk boys. These findings offer insight into the developmental relationships
between emotional state and weight. Clinical implications suggested by these results include
the importance of considering weight during psychotherapy interventions and of considering
depressive and anxiety symptomatology during weight-related interventions. The results
highlight the intricate connections between child mental and physical health.
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Table 1

Demographic characteristics of participants by diagnostic group

MDD Anxiety Low risk p

N 143 43 99

Age, mean £ SD 12.1+£23 116+£2.2 11.2+21 0.01
Sex, % female 53.1 39.5 475 0.27
Race, % black, % other 14.0,7.0 11.6,9.3 3.0,121 0.03
SES (Hollingshead), mean + SD  34.1+145 357+13.7 437+123 0.00
BMI, mean + SD 19.2+33 19.2+3.1 17.5+34 0.00
BMI percentile, mean + SD 59.1+£268 619+26.7 499+287 0.02

MDD major depressive disorder; SES socioeconomic status; BMI Body Mass Index (kg/mz)
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