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Abstract
Objectives—To examine reciprocal relations between body mass index (BMI), internalizing
problems and externalizing problems from infancy through middle childhood with a focus on sex
and history of overweight.

Study design—Data from 1254 children in the NICHD Study of Early Child Care and Youth
Development were used to conduct longitudinal analyses of relations between BMI and scores on
the Child Behavior Checklist from age two through 6th grade.

Results—BMI and behavior problems showed stability across the 7 measurement occasions. No
consistent relation between BMI and behavior problems was evident prior to school entry; but being
heavier was associated with later internalizing problems beginning in 1st grade for boys and girls.
Higher BMI was not associated with increased conduct problems.

Conclusions—As children move into middle childhood, higher BMI is associated with increased
likelihood of developing internalizing problems. Health care providers should monitor BMI as
children enter school and to provide guidance to parents regarding emerging symptoms of anxiety
and depression.
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Despite the rapidly increasing prevalence of childhood obesity, the social stigma attached to
being overweight has not diminished1–3. Although obesity can lead to low self-esteem and
depression4–8 , most overweight children do not manifest serious depression or mood
disorders9–13. Arguments have also been made that the psychological strain accompanying
overweight can also lead to irritability and aggressive behavior, but the number of studies of
conduct problems is quite small11,14–19. Overall, research on obesity and mental health
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(especially conduct problems) has been inconsistent, with variations noted by sex, age, family
context, and duration and type of obesity 5,10,11,13,20,21. Direction of causality remains
unresolved.

The purpose of this study was to further delineate the interplay of adiposity and maladaptive
behavior in children followed prospectively from birth to determine (a) at what age relations
with internalizing (depression and anxiety, withdrawal, somatic complaints) and externalizing
(aggression, conduct problems, delinquency) behavior problems might emerge, and (b) the
primary direction of influence. Data from the NICHD Study of Early Child Care and Youth
Development 33–35 were used to determine whether lagged relations exist between BMI and
behavior problems, either in the form of earlier BMI predicting to later maladaptive behavior
or in the form of earlier behavior problems predicting to later BMI, after taking into
consideration the stability in both BMI and behavior problems. A secondary purpose of the
study is to determine whether the pattern of relations observed are different for children (a)
with a history of being overweight, and (b) for boys versus girls.

Methods
The data analyzed in this study were taken from participants in the NICHD Study of Early
Child Care and Youth Development (http://secc.rti.org). Families were recruited during the
first 11 months of 1991 from 24 hospitals in the vicinity of 10 data collection sites
(Charlottesville, Virginia; Irvine, California; Lawrence, Kansas; Little Rock, Arkansas;
Madison, Wisconsin; Morganton, North Carolina; Philadelphia, Pennsylvania; Pittsburgh,
Pennsylvania; Seattle, Washington; and Wellesley, Massachusetts). Using a random sampling
procedure designed to assure representative coverage of days of the week at participating
hospitals, a total of 8986 women who gave birth during the selected 24-hour periods were
contacted and given information about the study. We asked their permission to contact them
one month later to describe the study in greater detail. The study was conducted under a
cooperative agreement with the National Institute of Child Health and Human Development.
All procedures were reviewed annually by the institutional review boards of the 10 participating
institutions.

Mother-newborn dyads were excluded if: the mother was under 18 years old, did not speak
English, had a substance abuse problem, was too ill, was placing her infant for adoption, or
refused to be interviewed; if the infant had serious medical complications or was a multiple
birth; or if the family lived more than an hour’s drive from the lab site, or planned to move
from the area. 5416 families met the eligibility criteria. Study participants were selected from
eligible families based on conditionally random sampling to insure the sample would include
at least 10% single-parent households, 10% mothers with less than a high school education,
and 10% ethnic minorities. Recruitment and selection procedures are described in detail in
previous publications34 (http://secc.rti.org). A total of 1364 families with healthy newborns
were enrolled in the study.

Analysis sample
The analysis sample consisted of 1254 children (608 girls, 646 boys). Children were included
if they participated in any of the repeated assessments of Body Mass Index (BMI) or
Internalizing and Externalizing Problems. In the analysis sample, mothers had an average of
14.3 years of education and were living with a spouse or partner an average of 82.5% of
measurement occasions from the time children were 6 months of age until 6th grade. Their
average family income, assessed in terms of income-to-needs averaged from the period months
to 6th grade, was higher than the U.S. government-determined poverty line by a factor of 3.91.
Compared with the 110 children who were recruited at birth but not included in this analysis
because of missing data, children in the analysis sample were more likely to be white (77.5%
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vs. 63.6%, p < 0.001) and lived in two-parent families a greater proportion of the time (M =
83.5% vs. 65.9%, p < 0.0001); had mothers with more years of education (M = 14.33 vs. 13.08,
p < 0.0001), and families with higher income-to-needs ratios (M = 3.91 vs. 2.34, p < 0.0001).

Children were followed from birth through age 14. Each family was visited at home when the
target child was 1, 6, 15, 24, 36, and 54 months of age, and when the child was in 1st, 3rd, 5th

and 6th grades. At each home visit, mothers responded to a demographic interview and
completed questionnaires about themselves, the child, and their family, and children were
observed in interaction with one or both parents. Mothers and children from all families also
came to university laboratories when they were 15, 24, 36, and 54 months old, and during
1st, 3rd, 4th, 5th and 6th grades. At these visits children completed standardized assessments
and developmental tasks and were observed during play and interaction with their mothers.
Beginning when they were 9½ years old, children received annual health and physical
development assessments from a nurse practitioner or physician.

Standardized procedures were used to measure height and weight at 24, 36, and 54 months,
and at 1st, 3rd, 5th, and 6th grades. Height was measured with children standing with shoes off,
feet together, and their backs to a calibrated 7-foot measuring stick. Height was measured to
the nearest 1/8 inch (0.32 cm) and recorded two times. If the first two measures differed by
more than 1/4 inch (0.64 cm), two more measurements were taken. Weight was measured using
a physician’s 2-beam scale. Scales were calibrated monthly using certified calibration weights.
Weight was measured with children in minimal clothing (i.e., undergarments); it was measured
twice, each time to the nearest ¼ pound (0.1 kg). If the two measurements differed by more
than ¼ pound, two more measurements were taken. BMI was calculated by converting height
to meters (m) and weight to kilograms (kg) then dividing weight (kg) by height (m) squared.

For each assessment of BMI, children were classified as “at risk for overweight” (BMI
percentile ≥ 85%ile) or “normal weight” (BMI percentile < 85%ile). Based on their
classifications from 24 months to 6th grade, children were grouped into “never overweight” or
“overweight one or more times”.

Mothers completed the Child Behavior Checklist (CBCL) at 24, 36, and 54 months and at
1st, 3rd, 5th and 6th grades. The CBCL-2/333, used at 24 and 36 months, lists 99 problem
behaviors which are rated as not true(0), somewhat true(1), or very true(2) of the child over
the last 2 months. The CBCL-4/1834, completed by mothers at 54 months and 1st, 3rd, 5th and
6th grade, lists 113 problem behaviors rated on the same 3-point scale. There is substantial
evidence for reliability and validity of these maternal reports36,37. Correlations across adjacent
time points ranged from .54 to .73 for Internalizing Problems and .66 to .79 for Externalizing
Problems.

The primary analysis model involved fitting a cross-lagged structural equation model tested
using AMOS 4.0139. AMOS uses full information maximum likelihood estimation of missing
data and utilizes the maximum sample size for each pathway to be estimated without deletion
or imputation39. Overall model fit was assessed using the Root Mean Square Error of
Approximation (RMSEA), as well as the Normed Fit Index (NFI) and the Tucker Lewis Index
(TLI).

The original or baseline model included stability coefficients between the measures of BMI,
Internalizing Problems and Externalizing Problems. Cross-lagged paths were included from
one measurement of BMI to the next measurement of Internalizing and vice versa; and from
one measurement of BMI to the next measurement of Externalizing Problems and vice versa
( Figure 1; available at www.jpeds.com). In addition, correlations between residuals for
Internalizing Problems and Externalizing Problems at each assessment period were calculated
to account for common-rater variance.
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We tested a series of nested models in an attempt to discern the most parsimonious model that
adequately fit the data. We began with a model that included every possible pathway between
adjacent measures (i.e., the model depicted in Figure 1). We then ran a series of analyses
designed to determine whether certain paths might be eliminated without reducing overall
model fit. In each case, chi-square difference tests were conducted to determine whether the
imposed model constraints significantly influenced model fit.

Once the most parsimonious model was finalized, we tested potential moderators (sex and
history of overweight) one at a time via two multi-group models. Chi-square difference tests
were completed to determine how close the models for the two groups (i.e., boys vs. girls and
overweight vs. not overweight) could be made without incurring a significant detriment to
model fit.

Results
Descriptive statistics for study variables are presented in Table I (available at
www.jpeds.com). The stability of BMI, internalizing problems, and externalizing problems
are presented in Table II. Children’s average BMI declined between 24 and 54 months (24 mo:
M = 16.77, sd = 1.37; 36 mo: M = 16.16, sd = 1.31; 54 mo: M = 16.05, sd = 1.56), then rose
steadily through 6th grade (1st grade: M = 16.82, sd = 2.55; 3rd grade: M = 18.39, sd = 3.70;
5th grade: M = 20.00, sd = 4.64; 6th grade: M = 20.80, sd = 4.86). Average internalizing scores
reached a high of 51.21 (sd = 9.50) when children were 36 months old and a low of 47.29 (sd
= 8.88) when children were 54 months old. Average externalizing scores were highest at 24
months (M = 52.32, sd = 8.48) and lowest at 5th grade (M = 45.80, sd = 10.09).

BMI was highly stable beginning at age two (Table II). Correlations between adjacent
assessments ranged between .79 and .97. Internalizing and externalizing behavior was
relatively stable as well. Correlations between scores at adjacent time periods ranged from .54
to .79.

Correlations between BMI and internalizing were non-significant from age 24 months through
first grade. Correlations between BMI and internalizing behavior during middle childhood
(grades 3 to 6) were positive but low (never higher than r = .14). Correlations between BMI
and externalizing behavior were sporadically significant but never higher than r = .12.

The baseline model fit the data well, p = 0.000, RMSEA = 0.06, NFI = 0.99, TLI = 0.99. We
then conducted two analyses to determine whether the cross-paths between BMI and
externalizing could be eliminated without reducing overall model fit. When constraining the
cross-paths from externalizing to BMI to be zero, no detriment to model fit was noted, p =
0.39. The second analysis was aimed at determining whether the paths from BMI to
externalizing could be eliminated. Similarly, constraining the cross-paths from BMI to
externalizing to be zero did not hinder model fit, p = 0.39. This series of tests indicates that
after controlling for stability, BMI does not relate to subsequent externalizing, and
externalizing does not relate to subsequent BMI.

When constraining the cross-paths from internalizing to BMI to be zero, no detriment to model
fit was noted, p = .0.64. However, when constraining the cross-paths from BMI to internalizing
to be zero, model fit declined significantly, p < 0.01. Thus, after controlling for stability,
internalizing is not related to subsequent BMI, but BMI is related to subsequent internalizing.
Constraining the BMI to internalizing cross-paths to just the preschool period led to a
significant decline in model fit, p = 0.03, but constraining the cross-paths to just the elementary
period did not lead to a decline in model fit, p = 0.48. Thus, after controlling for stability, BMI
and subsequent internalizing were unrelated in the preschool period (24, 36, and 54 months),
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but BMI was associated with subsequent internalizing during the elementary period (3rd, 5th,
and 6th grade).

In this final (most parsimonious) model, standardized stability coefficients for BMI ranged
from 0.81 to 0.97 (p < 0.001), standardized stability coefficients for externalizing ranged from
0.63 to 0.77 (p < .001), standardized stability coefficients for internalizing ranged from 0.52
to 0.71 (p < 0.001), paths from BMI to internalizing were significant between 3rd and 5th grade
(0.04, p < 0.05) and between 5th and 6th grade (0.06, p < 0.01), but not between 1st and 3rd

grade (0.02, p = 0.36).

We tested whether our two moderators (sex and history of overweight) influenced the
remaining cross-paths of the model. In all cases, adding constraints requiring the cross paths
to be equal for contrasted groups did not significantly affect model fit [Sex: Δ chi-square (3,
n = 1254) = 1.45, p = 0.70); history of overweight: Δ chi-square (3, n = 816) = 7.79, p = 0.51)].
When additional constraints for various portions of the model were added (e.g., constraining
means to be the same in the two groups), results regarding the cross-paths did not change.

Discussion
Although the association between BMI and internalizing appears relatively weak in middle
childhood, findings from this study are consistent with research suggesting that being
overweight can lead to internalizing behavior such as withdrawal, anxiety, and somatic
complaints2,4,7,9,11,13,15. This finding, showing that overweight leads to internalizing
symptoms but only beginning in middle childhood, is not surprising in that the social-cognitive
processes that are presumed to forge the connection (feelings of stigmatization, dissatisfaction
with body image, and beliefs that weight is under one’s personal control) are not well developed
in most children prior to school entry28–30. It is not that preschool children are unable to
perceive differences in body size or that they have not begun forming general negative
attributions regarding people who are overweight; but rather that preschoolers have not begun
internalizing feelings of being personally stigmatized and what that represents regarding their
own behavior and life prospects1,40. A cross-sectional study of Australian children showed
no relation between BMI and behavior problems for children age 5 but a significant relation
at age 1418. Although we found no sex differences in patterns of relations for BMI and
internalizing problems, a small number of prior studies suggest the possibility that the pattern
may emerge slightly earlier in girls15,21. In neither study, however, was the measure of
internalizing problems as complete as for our study.

Consistent with prior studies, our findings do not indicate a strong connection between BMI
and serious internalizing problems8,10–12,19. In one study of 6 to 13 year old children, even
though being overweight was related to mother- and teacher-reported internalizing problems,
it was not related to child-reported depression41. However, studies done with clinical
populations suggest that for some obese children the relation may be stronger10,13,17,22,42.
However, as Puhl and Latner1 have argued, the relation is by no means inevitable. It may well
be that some obese children are more vulnerable to the processes that give rise to depressive
symptoms than others; thus there would be value in identifying potential protective factors.

Consistent with our hypothesis, we found no consistent relation between BMI and externalizing
problems. In the few studies where a relation was observed, the study either involved clinical
samples17,23 or produced findings that held for only one sex or at one age15. Moreover, in
the one study that showed behavior problems predicting weight gain, the researchers used a
measure of behavior problems that included both internalizing and externalizing
behaviors31; and a second study involved older children who reported their own heights and
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weights41. The fact that ours is the only study to control for reporter bias suggests that there
is limited likelihood that being overweight contributes to serious externalizing problems.

Findings from this study offered no support for the hypothesis that either internalizing behavior
or externalizing behavior in non-clinical populations contributes to being overweight, a finding
that comports with the conclusion offered by Zemetkin et al13. To date, there is no convincing
support that being somewhat depressed increases the likelihood of becoming overweight prior
to adolescence. There is a small amount of evidence suggesting that serious depression might
increase such a tendency, but no general population studies have provided convincing evidence
for such an effect. The only study with adequate controls that showed a link between earlier
depression and later obesity in children involved children in grades 7 through 12 and used self-
reported height and weight5. Thus, it will be useful to follow the current cohort of children to
determine whether there is some shift in the pattern of relations beginning in adolescence.

A limitation of the present study is that there were too few children from most socio-cultural
groups to conduct subgroup analyses. A second limitation is that mothers were the only
reporters for children’s behavior problems. It would be worthwhile to perform analyses similar
to those done in this study on minority populations within the United States as well as samples
drawn from other countries.

Findings from this study offer further evidence that becoming overweight can carry a diverse
array of negative consequences for well-being in children. As children move into middle
childhood, being overweight is associated with increased likelihood of developing internalizing
problems. The American Academy of Pediatrics Committee on Obesity Prevention
recommends that physicians routinely monitor children’s BMI and provide guidance to parents
regarding healthy eating habits, physical activity, and emerging symptoms of anxiety and
depression44. Few pediatricians consistently check for signs of anxiety, depression or related
signs of distress, but there are simple screening tools that can be used with parents when
children are identified as overweight45. Although scores on such instruments do not provide
definitive diagnoses, they can be used as a basis for making appropriate referrals for further
assessment and possible intervention.
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Figure 1.
Baseline Model Showing Stability Paths and All Cross-Lagged Paths Between BMI.
Internalizing Behavior and Externalizing Behavior.
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Figure 2.
Final Model Showing Stability Paths and Significant Cross-Lagged Paths Between BMI.
Internalizing Behavior and Externalizing Behavior.
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