
Anderson et al. BMC Pediatrics 2010, 10:49
http://www.biomedcentral.com/1471-2431/10/49

Open AccessR E S E A R C H  A R T I C L E
Research articleExternalizing behavior in early childhood and body 
mass index from age 2 to 12 years: longitudinal 
analyses of a prospective cohort study
Sarah E Anderson*1, Xin He2, Sarah Schoppe-Sullivan3 and Aviva Must4

Abstract
Background: Some evidence suggests that obesity and behavior problems are related in children, but studies have 
been conflicting and have rarely included children under age 4. An association between behavior problems in early 
childhood and risk for obesity could suggest that a common set of factors contribute to both. Our research objectives 
were to determine the extent to which externalizing behavior in early childhood is related to body mass index (BMI) in 
early childhood and through age 12, and to evaluate whether these associations differ by sex and race.

Methods: Data from the NICHD Study of Early Child Care and Youth Development were analyzed. Externalizing 
behaviors at 24 months were assessed by mothers using the Child Behavior Checklist. BMI was calculated from 
measured height and weight assessed 7 times between age 2 and 12 years. Linear mixed effects models were used to 
assess associations between 24 month externalizing behavior and BMI from 2 to 12 years, calculate predicted 
differences in BMI, and evaluate effect modification.

Results: Externalizing behavior at 24 months was associated with a higher BMI at 24 months and through age 12. 
Results from a linear mixed effects model, controlling for confounding variables and internalizing behavior, predicted a 
difference in BMI of approximately 3/4 of a unit at 24 months of age comparing children with high levels of 
externalizing behavior to children with low levels of externalizing behavior. There was some evidence of effect 
modification by race; among white children, the average BMI difference remained stable through age 12, but it 
doubled to 1.5 BMI units among children who were black or another race.

Conclusions: Our analyses suggest that externalizing behaviors in early childhood are associated with children's 
weight status early in childhood and throughout the elementary school years, though the magnitude of the effect is 
modest.

Background
The prevalence of obesity in very young children is high
and has increased rapidly in the United States since the
1970 s [1,2]. Some evidence suggests that obesity is asso-
ciated with child externalizing behavior problems [3-7],
but an association has not been observed in all studies or
in children of both sexes [5,8-11], and there is contro-
versy regarding the magnitude [12] and directionality of
any association [4,5,11], as well as the age when these
associations might first be evident. Externalizing behav-
ior problems are characterized by aggressive, opposi-

tional, disruptive, or inattentive behaviors beyond those
that would be expected given a child's age and develop-
ment [13]. An association between behavior problems in
early childhood and risk for obesity could suggest that a
common set of factors contribute to both. Accumulating
evidence indicates that the pathways in the brain govern-
ing appetite and emotion regulation are interrelated and
may be impacted by stress [14].

Research has shown that children who experience mal-
treatment or neglect, bullying, social marginalization, or
academic difficulties are more likely to experience exter-
nalizing behavior problems [15,16], and these factors
have also been linked to obesity [17-20]. We found, in
longitudinal analyses of the Children in the Community
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cohort, that disruptive behavior disorders identified prior
to adolescence were associated with higher levels of rela-
tive weight and that these higher levels persisted into
adulthood [7]. We also noted that this association
appeared to be stronger among African American
females [7]. The Children in the Community cohort
includes individuals from New York State who were
between 9 and 18 years of age in 1983, and their heights
and weights were reported rather than measured. The
findings from our previous analyses suggested the need
to study associations between externalizing behavior and
weight status in a diverse cohort observed from an early
age, in which height and weight were measured repeat-
edly throughout childhood. Data collected during the
NICHD Study of Early Child Care and Youth Develop-
ment (SECCYD) provided this opportunity.

Through analyses of longitudinal data collected during
the SECCYD, our objectives were to (1) determine the
extent to which externalizing behavior in early childhood
was related to children's body mass index (BMI) in early
childhood and to their BMI trajectory through 12 years of
age, (2) evaluate whether these associations differ by child
sex and race, and (3) describe the magnitude of expected
differences in BMI from age 2 to 12 years relative to chil-
dren's externalizing behavior in early childhood with and
without controlling for concurrent internalizing behavior.

Methods
Study Population
Data were collected during the NICHD Study of Early
Child Care and Youth Development http://secc.rti.org.
Briefly, the NICHD SECCYD was begun in 1991 with
enrollment at 10 sites across the United States of 1,364
families at the birth of their healthy full-term infant. Par-
ticipants were selected to ensure socioeconomic and eth-
nic diversity, and based on the mother's work intentions;
exclusion criteria included mothers < 18 years, inability of
the mother to communicate in English, intention of the
family to move outside of the study area within 3 years, or
the newborn having obvious disability or requiring a hos-
pital stay of more than 1 week. Children and their fami-
lies enrolled in the SECCYD have been followed from
birth into adolescence through regular assessments that
include direct observations and measurements, and per-
sonal interviews with parents, children, caregivers, and
teachers, using procedures standardized across sites.

Primary hypotheses of the study concerned the influ-
ence of non-maternal care on children's developmental
outcomes [21]. The study design and details of recruit-
ment have been described in detail elsewhere [21]. Proto-
cols were approved and reviewed annually by the
institutional review boards of the participating universi-
ties. Data from the SECCYD are available to researchers

by application. The Ohio State University has a data-use
agreement for analysis of data from the SECCYD.

Body mass index
Children's heights and weights were measured during
laboratory visits at 24, 36, and 54 months, and when chil-
dren were in the 1st, 3rd, 5th, & 6th grades. A standardized
protocol was used at all time periods and all sites. From
height and weight, body mass index (BMI) was calculated
(BMI = weight (kg)/height (m)2). Obesity was defined as a
BMI-for-age above the 95th percentile of the Centers for
Disease Control and Prevention sex-specific BMI-for-age
growth charts [22].

Child externalizing and internalizing behavior
The Child Behavior Checklist (CBCL-2/3) was completed
by mothers at their child's 24-month and 36-month labo-
ratory study visit. The CBCL contains 100 items that
assess whether the child, currently or in the past 2
months, has exhibited behaviors consistent with emo-
tional or behavioral difficulties [23,24]. Mothers rated the
extent to which each behavior described their child using
the following three-level scale: "not true" (coded as 0),
"somewhat true" (coded as 1), or "very true" (coded as 2).
From these ratings six scales were derived: aggressive
behavior (15 items), destructive behavior (11 items), anx-
ious/depressed (11 items), withdrawn (14 items), sleep
problems (7 items), and somatic problems (14 items).
Age-normed scores (T scores) for externalizing behaviors
and internalizing behaviors were calculated from the
aggressive and destructive behavior scales (externalizing)
and the anxious/depressed and withdrawn scales (inter-
nalizing). The CBCL has been used extensively and the
reliability and validity of the instrument are well-estab-
lished [13,24,25]. Our focus is on the association between
externalizing behavior at 24 months and BMI trajectory
from age 2 to age 12 years, but we also conducted sensi-
tivity analyses using externalizing behavior assessed at 36
months. Our main analyses use the CBCL externalizing
behavior T score as a continuous measure, but to deter-
mine whether covariates were associated with high levels
of externalizing problems and assess confounding we cat-
egorized children as having high levels of externalizing
behavior if their CBCL T score was ≥65 (this is the 95th

percentile of externalizing behavior at 24 months within
the cohort, and is a cut point above which children's
symptoms would be considered in the clinical range [23]).

Covariates
Child age at each assessment was calculated based on
date of birth and date of assessment. Birth weight (in
grams) was recorded when children were enrolled in the
study. The child's race was reported by mothers and we
categorized children into two groups: white, and black or

http://secc.rti.org
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another race. Although Hispanic ethnicity was reported,
too few children were Hispanic to allow for meaningful
analysis. Mothers reported their educational attainment
at the time of their child's birth. As a measure of financial
resources at the 24 month assessment, we used an indica-
tor for whether or not household income-to-needs ratio
was less than the federal poverty threshold. Maternal
depressive symptoms at 24 months were assessed using
the Center for Epidemiological Studies Depression Scale
(CES-D) and, as is customary, we considered a CES-D
score > 16 to indicate probable depression [26].

Analytic Approach
We included in analyses children who were not missing
information on externalizing behavior at 24 months and
whose BMI was assessed at least once at 24 months, 36
months, 54 months, 1st grade, 3rd grade, 5th grade, or 6th

grade. All analyses were conducted using SAS v9.1 (SAS
Institute, Cary, NC). Frequency distributions were com-
pared using Chi-square tests or Fisher's exact test. We
used logistic regression to estimate odds ratios and 95%
confidence intervals for the cross-sectional association
between obesity and high levels of externalizing behavior
at 24 months overall and within strata defined by covari-
ate levels. We used an alpha level of 0.05 to determine
statistical significance in all analyses.

Linear mixed effects models [27] were used to estimate
the average BMI trajectory and to test the extent to which
externalizing behaviors at 24 months were related to dif-
ferences in children's BMI. To determine the best shape
for BMI trajectory relative to age we fit models with age
as a linear, quadratic, and cubic term. We used a sequen-
tial process to build models predicting BMI relative to age
centered at the cohort mean of 6.7 years. We tested
whether externalizing behaviors at 24 months were
related to average BMI and to linear change in BMI with
age; we operationalized this by including externalizing
behaviors at 24 months and the interaction of externaliz-
ing behaviors at 24 months and age in the linear mixed
effects model. Evidence for an interaction between exter-
nalizing behaviors at 24 months and age would suggest
that children's level of externalizing behavior at 24
months was related to BMI in a manner that depended
upon age (for example, if there were no association
between externalizing behavior and BMI at 24 months,
but externalizing behavior at 24 months was associated
with BMI at age 12 years).

We determined whether the association between BMI
and externalizing behavior differed by sex and race by
including cross-product terms in the model. Our final
step in model building was to include covariates for pos-
sible confounding variables. Potential confounding vari-
ables we assessed were: sex, birth weight, maternal
education, household poverty, and maternal depression.

Potential confounding variables were retained in the
model if their inclusion changed the coefficient for exter-
nalizing behaviors by more than 10% [28]. Internalizing
behavior in early childhood could potentially confound
any observed association between externalizing behavior
and BMI and we assessed the effect on the association
between externalizing behavior and BMI with and with-
out inclusion of internalizing behavior at 24 months. We
also conducted sensitivity analyses using externalizing
behavior at 36 months, as well as the average of children's
externalizing behaviors at 24 and 36 months.

To facilitate interpretation of model results we plot pre-
dicted BMI trajectories relative to high, medium, and low
levels of externalizing behavior at 24 months. To further
facilitate interpretation, we used contrast statements to
estimate the predicted difference in BMI for two hypo-
thetical children: one with high levels of externalizing
behavior at 24 months (CBCL T score = 65) and the other
with low levels of externalizing behavior at 24 months
(CBCL T score = 35). We selected three illustrative time
points (2 years, 7.5 years, and 11 years) to estimate pre-
dicted differences in BMI; these ages were selected to
cover the age-range studied and at ages in which a major-
ity of children were assessed.

Results
Of 1,237 children with a measure of BMI at 1 or more
assessments between 24 months and 6th grade, 1,189 (>
95%) were not missing information on externalizing
behaviors at 24 months and thus were included in our
analyses. Table 1 presents characteristics of these chil-
dren at each wave of assessment in which they were not
missing BMI. The mean number of BMI measurements
per child was 5.7 (SD = 1.8); 10% of the children had 3 or
fewer, 50% had 6 or 7 out of a possible 7. Consistent with
the United States population during this time period
[29,30], the prevalence of obesity in the cohort rose from
under 6% at 3 years of age to over 15% by age 9.

At 24 months, children's externalizing behavior T-
scores ranged from a minimum of 30 to a maximum of
79; 6.2% of children had externalizing behavior scores at
or above 65. Boys were slightly more likely than girls to
have high levels of externalizing behavior; however the
difference (7.0% vs 5.4%) was not statistically significant
(p > 0.05). Race, maternal education, household poverty
status, and maternal depression were all associated with
differences in prevalence of high externalizing behavior at
24 months (Table 2). Cross-sectionally at 24 months, chil-
dren with high levels of externalizing behavior had odds
of obesity that were 2.9 (95% CI, 1.3, 6.5) times as high as
children with lower levels of externalizing behavior
(Table 2). Odds ratios for the association between high
externalizing behavior and obesity at 24 months within
strata of the covariates are also presented in Table 2.
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Children's BMI trajectory from age 2 to 12 years was
modeled as a cubic function of age. We tested whether
the association between externalizing behaviors at 24
months and BMI trajectory differed for boys and girls; we
saw no evidence for an interaction between sex and aver-
age BMI or change in BMI (p > 0.05) (results not shown).
Externalizing behavior at 24 months was associated with
average BMI trajectory (β = 0.21, p = 0.02), but there was
little evidence overall that this association differed by age
(β = 0.002, p = 0.38)(Table 3). We also tested whether
associations differed by race (coded as a dichotomous
variable: 0=white, 1=black or other); the interaction
between race and externalizing behavior on change in
BMI was statistically significant (p = 0.0002) (Table 3).
We saw no evidence that child sex, birth weight, or
maternal education confounded the association between
externalizing behavior and BMI (results not shown).
Maternal depression and household poverty at 24 months
did result in changes of > 10% to the estimate for exter-
nalizing behavior and as a result were maintained in the
final model. Adjustment for internalizing behavior at 24
months strengthened the association between externaliz-
ing behavior and BMI (Table 3). Models were repeated
using externalizing and internalizing behavior problems
assessed at 36 months, and the average of these behaviors
at 24 and 36 months, and results were not substantively
different (not shown). We also repeated analyses using
sex-specific BMI z-scores based on the CDC BMI-for-age
growth reference and observed consistent results (not
shown).

Figure 1 depicts predicted BMI trajectories by race
from the final model in Table 3 at low, medium, and high
levels of externalizing problems. The difference in BMI
that would be predicted at 24 months for two white chil-
dren who differed only in that one had a high level of
externalizing behavior (CBCL T-score = 65) at 24 months

and the other had a low level of externalizing behavior
(CBCL T-score = 35) at 24 months is 0.78 BMI units (95%
CI: 0.4, 1.2); at age 7.5 years the predicted difference in
BMI between these 2 white children remains 0.78 BMI
units (95% CI: 0.1, 1.5), and at age 11 years the predicted
difference would still be 0.78 BMI units but the confi-
dence interval is no longer statistically significant (95%
CI: -0.3, 1.8). For a boy or girl of average height, an
increase in BMI of 0.78 units corresponds to an increase
of 1.3 pounds at age 24 months, 2.7 pounds at age 7.5
years and 3.6 pounds at age 11 years. For children who
were black or of another race the predicted difference in
BMI between a child with a high level of externalizing
behavior at 24 months and a child with a low level of
externalizing behavior at 24 months would be 0.77 BMI
units (95% CI: 0.1, 1.5); at age 7.5 years the predicted dif-
ference in BMI between these 2 nonwhite children would
be 1.23 BMI units (95% CI: 0.3, 2.1), and at age 11 years it
would be 1.51 BMI units (95% CI: 0.3, 2.7). The corre-
sponding difference in pounds for a child of average
height would be 1.3 pounds at 24 months, 4.2 pounds at
7.5 years, and 6.9 pounds at 11 years.

Discussion
Our results suggest that externalizing behavior problems
are associated with higher BMI and obesity in children as
young as 24 months old. Among two-year-old children,
irrespective of race, based on our analyses we would pre-
dict an average difference of three-quarters of a BMI unit
between children with high levels of externalizing behav-
ior and children with low levels of externalizing behavior.
This average difference in BMI was stable through age 12
among white children, and gradually doubled with age to
about 1.5 BMI units among children who were black or of
another race. These predicted average differences in BMI
for a child with high levels of externalizing behavior com-

Table 1: Characteristics of participants included in analytic sample

24 months 36 months 54 months 1st grade 3rd grade 5th grade 6th grade

na 990 1055 1004 967 903 890 881

Mean age, years (SD) 2.1 (0.1) 3.1 (0.1) 4.7 (0.1) 7.0 (0.3) 9.0 (0.3) 11.0 (0.3) 11.9 (0.3)

Male, % 49.5% 50.5% 49.8% 49.8% 49.2% 50.3% 49.1%

White, % 82.0% 82.0% 82.8% 82.0% 81.9% 81.2% 81.5%

Mean height, cm (SD) 86.8 (3.2) 95.3 (3.5) 106.9 (4.3) 122.5 (5.4) 135.1 (6.3) 147.1 (7.3) 153.0 (7.6)

Mean weight, kg (SD) 12.7 (1.5) 14.7 (1.8) 18.4 (2.6) 25.4 (5.2) 34.0 (9.0) 44.0 (13.1) 49.2 (14.3)

Mean BMI (SD) 16.8 (1.4) 16.2 (1.4) 16.1 (1.6) 16.8 (2.6) 18.4 (3.8) 20.1 (4.8) 20.8 (4.9)

Obesityb, % 5.6% 5.9% 9.4% 11.9% 16.8% 19.2% 18.3%

SD = standard deviation, BMI = body mass index
a Restricted to children not missing information on behavior problems at 24 months nor BMI at wave tabulated.
b Obesity defined as BMI-for-age above the sex-specific 95th percentile of the CDC BMI-for-age growth charts.
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pared to a child with low levels of externalizing behavior
correspond to differences in weight of less than 2 pounds
at 24 months of age, increasing to between 3 and 15
pounds at age 11 depending upon race and height.

It is well-established that weight status tends to track
[31,32]; children who have a high BMI-for-age early in
childhood are more likely than children with a low BMI-
for-age to later be obese. Our analyses suggest that exter-
nalizing behaviors in early childhood are associated with
children's weight status early in childhood and through-
out the elementary school years, though the magnitude of
the effect is modest. We are unaware of previously pub-
lished analyses of externalizing behavior and weight sta-
tus in children younger than age four.

A few studies of non-clinical populations have exam-
ined the relationship between obesity and externalizing
behavior in preadolescent children and findings from

these studies have not been consistent [3,5,6,8,11,12].
Some of the heterogeneity in results, summarized below,
may be due to differences in assessment of externalizing
behavior, analytic approach, and the population studied.
In the Longitudinal Study of Australian Children, over-
weight 4- and 5-year-old children (born 1999-2000), had
higher teacher-reported conduct problems than did non-
overweight children, but differences were small [12]. In
an earlier Australian cohort of children born 1981-1984,
no association between behavior problems and obesity
was observed for boys or girls cross-sectionally at age 5,
however at age 14, compared to girls of normal weight
status, girls who were overweight had over two times the
odds of concurrent high levels of total behavior problems
(externalizing behaviors were not examined separately);
no association was seen for boys cross-sectionally at age
14 [11]. In a separate analysis of this same cohort, behav-

Table 2: Prevalence and association of high externalizing behavior and obesity at 24 months relative to covariates

n (%) High externalizing behaviora:
Prevalence (%)

Obesityb:
Prevalence (%)

Odds ratio
(95% confidence 

interval)c

Total 1189 (100%)d 74/1189 (6.2%) 55/990 (5.6%) 2.9 (1.3, 6.5)

Sex

Boys 612 (51.5%) 43/612 (7.0%) 33/490 (6.7%) 2.7 (1.0, 7.6)

Girls 577 (48.5%) 31/577 (5.4%) 22/500 (4.4%) 2.7 (0.7, 10.2)

Race

White 973 (81.8%) 50/973 (5.1%)* 39/812 (4.8%)* 1.7 (0.5, 5.8)

Black and Other 216 (18.2%) 24/216 (11.1%) 16/178 (9.0%) 3.6 (1.0, 12.4)

Maternal educatione

≥College degree 448 (37.7%) 11/448 (2.5%)* 12/378 (3.2%)* - f

Some college 402 (33.8%) 21/402 (5.2%) 20/341 (5.9%) 1.1 (0.1, 8.7)

≤High school graduate 339 (28.5%) 42/339 (12.4%) 23/271 (8.5%) 3.5 (1.3, 9.4)

Household poverty status at 24 monthsg

≥poverty threshold 994 (84.8%) 44/994 (4.4%)* 38/835 (4.6%)* 3.3 (1.2, 8.9)

< poverty threshold 178 (15.2%) 26/178 (14.6%) 17/143 (11.9%) 1.6 (0.4, 6.2)

Maternal depression at 24 monthsh

No 926 (83.2%) 38/926 (4.1%)* 41/776 (5.3%) 2.8 (0.9, 8.5)

Yes 187 (16.8%) 28/187 (15.0%) 10/152 (6.6%) 2.6 (0.6, 11.0)

*χ2 or Fisher's exact test, P < 0.05; Fisher's exact test when expected cell frequency < 5.
a High externalizing behavior defined as Child Behavior Checklist T score ≥ 65 at 24 months.
b Obesity defined as BMI-for-age at or above the 95th percentile of the sex-specific CDC BMI-for-age growth charts.
c Odds ratio (95% Confidence Interval) from logistic regression models, predicting odds of obesity at 24 months with high externalizing behavior 
(≥ 65) at 24 months relative to lower levels of externalizing behavior (< 65).
d Restricted to children who are not missing information on behavior problems at 24 months and who had 1 or more BMI measurements between 
24 months and 6th grade (n = 1189); 199 of these children were missing BMI at 24 months.
e Maternal education at child's birth.
f Unable to estimate within this strata due to data sparseness.
g Seventeen with missing information excluded.
h Maternal depression defined as CES-D score > 16; Seventy-six with missing information excluded.
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ior problems at age 5 and age 14 years in both boys and
girls were associated with higher BMI and obesity at age
21 years [4]. In the Netherlands, conduct problems were
not related to overweight among 5- to 6-year-old children
studied during 2004-2005 [8]. In the United States, evi-
dence linking externalizing behavior problems in children
to obesity is somewhat more consistent, with associations
observed among 8- to 11-year-old children in the 1998
National Longitudinal Survey of Youth [3], and 5-year-old
girls (but not boys) in the Early Childhood Longitudinal
Study - Kindergarten class 1998-1999 [5]. In addition,
oppositional defiant disorder was reported to be more
prevalent among boys and girls in the Great Smoky
Mountain Study (1993-2000) who were chronically obese
between 9 and 16 years of age [6].

Using a different analytic approach than we have
employed, Bradley et al. have also studied relationships

between children's externalizing behavior, internalizing
behavior, and BMI in the SECCYD [9]. They used cross-
lagged structural equation models to address the direc-
tionality of associations between BMI and children's
behavior. Our analyses of the same data were designed to
address different research questions. We sought to
understand the extent to which externalizing behavior
early in childhood was associated with BMI early in child-
hood and change in BMI through age 12, to quantify the
magnitude of any association, and to determine the
extent to which associations were different in nonwhite
children. The structural equation models used by Bradley
et al. assume an association between BMI at 24 months,
and behavior (externalizing and internalizing) at 24
months, and then controlling for that association and the
tracking of BMI and behavior with age, ask whether BMI
is associated with subsequent internalizing or externaliz-
ing behavior, and whether internalizing behavior or exter-
nalizing behavior are associated with subsequent BMI [9].
Although the results of the structural equation models
they present do not allow for quantification of the magni-
tude of any associations, our findings and those of Brad-
ley et al. are consistent. We found that externalizing
behavior in early childhood was associated with higher
weight status cross-sectionally, and that, among whites,
the association between externalizing behavior at 24
months and BMI was maintained through childhood.
This is consistent with Bradley et al.'s statement: "con-
trolling for stability, ... externalizing behavior was not
related to subsequent BMI" [9].

Our analyses provide evidence of a modest association
between externalizing behavior early in childhood and
BMI. We have quantified the magnitude of this associa-

Table 3: Association of externalizing behavior at 24 months with BMI from 24 months to 12 yearsa

Association of 24 month externalizing behavior 
with BMI trajectory from 2 to 12 years

Including interaction 
between BMI, externalizing 
behavior and race

Adjusting for 
internalizing behavior

Raceb 0.031 (0.11) P = 0.79 0.079 (0.65) P = 0.90 0.018 (0.65) P = 0.98

Exc 0.021 (0.009) P = 0.02 0.015 (0.010) P = 0.14 0.026 (0.011) P = 0.02

Ex * age 0.002 (0.002) P = 0.38 0.00002 (0.002) P = 0.99 0.00002 (0.002) P = 0.99

Ex * race 0.011 (0.012) P = 0.37 0.013 (0.012) P = 0.31

Ex *age*race 0.003 (0.0007) P < 0.001 0.003 (0.0007) P < 0.001

Intd -0.016 (0.006) P = 0.02

a Coefficient (standard error) and P value from linear mixed effects models with random intercept and slope (age centered at mean of 6.7 
years). All models are predicting BMI and include an intercept, linear, quadratic, and cubic effects of age, and adjustment for household 
poverty and maternal depression at 24 months. Sex, maternal education, and birth weight were evaluated as potential confounding variables 
and dropped from these final models. Externalizing and internalizing behaviors were modeled as continuous CBCL T-scores; model 
coefficients presented predict BMI changes associated with a 1 unit increase in 24 month CBCL T-score.
b Race coded as 0=white, 1=black or other.
c CBCL mother-reported externalizing behavior T score at 24 months.
d CBCL mother-reported internalizing behavior T score at 24 months

Figure 1 Predicted BMI trajectories for low, medium, and high 
levels of externalizing behavior at 24 months. Predicted BMI trajec-
tories, by race, from final model in table 3 at three levels of externaliz-
ing behavior at 24 months: High (CBCL externalizing behavior T-score 
= 65, solid line), medium (CBCL externalizing behavior T-score = 50, 
heavy dashed line), and low (CBCL externalizing behavior T-score = 35, 
dotted line).
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tion using linear mixed effects models, and also present
odds ratios for the cross-sectional association at 24
months. We found that externalizing behavior and BMI
were associated in two-year-old children. Our analysis
does not allow us to identify whether the higher BMI
came before, after, or developed concurrently with the
higher levels of externalizing behavior. However that they
are associated so early in children's lives suggests the
need for further research. One might speculate that
higher BMI could result from child behavior manage-
ment techniques employed by parents and caregivers,
such as use of food as a reward, to deal with challenges
presented by toddlers with higher levels of externalizing
behaviors. In an attempt to avoid a child's difficult or dis-
ruptive behavior, adults may acquiesce to demands for
foods or activities (such as television viewing) associated
with energy imbalance. We think the other direction of
association - that externalizing behavior results from a
child's high BMI - is less plausible. Perhaps more likely
than either BMI or externalizing behavior being the cause
or consequence of the other, is that a third factor or fac-
tors contributes to both a child's weight status/risk for
obesity, and the degree to which they display externaliz-
ing behaviors. It is biologically plausible that such a factor
or set of factors could impact both weight and behavior
by influencing young children's brain development [14].
Identification of such modifiable risk or protective factors
has potential to simultaneously help children achieve a
healthy weight and decrease problematic behavior.

We provide evidence that the association between early
childhood externalizing behaviors and BMI was not con-
founded by the sociodemographic covariates of sex,
maternal education, or household poverty status, the
association was as strong or stronger in children who
were not white, and was not attenuated by adjustment for
child internalizing behavior or maternal depression. We
were not able to adjust for parental obesity, however,
which is strongly related to child obesity and may be
related to child behavior problems or maternal reports of
child behavior problems. Our data suggest that the asso-
ciation between externalizing behavior and obesity at 24
months may differ by level of maternal education and
household poverty status, in addition to race, but the pat-
tern to these findings is not consistent, and further inves-
tigation is needed.

An additional limitation of our analyses is that we relied
upon mother's reports of their child's behavior. The
CBCL is not a diagnostic instrument and our analyses do
not take into account the extent to which externalizing
behaviors were problematic for the mother or the child. It
is possible that ratings of children's behavior are influ-
enced by the child's weight status. Considerable evidence

indicates that obese children may be stigmatized and
viewed negatively by peers and teachers [33], however the
extent to which mother's reports of their toddler's exter-
nalizing behavior is influenced by weight status is not
known.

Conclusions
Although the degree to which BMI is elevated among
children with high levels of externalizing behavior in early
childhood is modest, in the context of the current preva-
lence of childhood obesity [1], understanding the factors
that give rise to this association is important. Clinicians
working in pediatric settings recognize that weight status
and behavioral issues are topics frequently raised by par-
ents of young children. Underlying family factors are
likely related to both obesity and problematic child
behavior, and the sensitivity of these topics for parents
themselves compounds the hesitancy clinicians may have
in addressing weight and behavior issues in children [34].
Continued research to elucidate these interrelationships
in young children and families is needed and may lead to
development of anticipatory guidance that is relevant and
useful to parents.

Abbreviations
BMI: Body mass index; CBCL: Child Behavior Checklist; CES-D: Center for Epide-
miological Studies Depression Scale; CI: Confidence interval; NICHD: National
Institute of Child Health and Human Development; OR: Odds ratio; SECCYD:
Study of Early Childcare and Youth Development.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
SEA conceived and designed the study, conducted the analyses, and drafted
the manuscript. XH participated in the design of the statistical analyses and
interpretation of the models. SSS participated in the design of the study and
interpretation of results. AM helped to conceive and design the study, partici-
pated in interpretation of results and helped to draft the manuscript. All
authors read and approved the final manuscript.

Acknowledgements
The SECCYD study was conducted by the NICHD Early Child Care Research 
Network supported by NICHD through a cooperative agreement that calls for 
scientific collaboration between the grantees and the NICHD staff. These analy-
ses were supported by a grant from the Great Rivers Affiliate of the American 
Heart Association (0865376D) to SEA. The funding body had no role in the 
design of the study, interpretation of data, writing of the manuscript, or deci-
sion to submit the manuscript for publication. Robert C. Whitaker, MD, MPH 
provided helpful comments on a draft of this manuscript.

Author Details
1Division of Epidemiology, The Ohio State University College of Public Health, 
Columbus, Ohio, USA, 2Department of Epidemiology and Biostatistics, 
University of Maryland School of Public Health, College Park, Maryland, USA, 
3Department of Human Development and Family Science, The Ohio State 
University College of Education and Human Ecology, Columbus, Ohio, USA 
and 4Department of Public Health and Community Medicine, Tufts University 
School of Medicine, Boston, Massachusetts, USA

Received: 5 February 2010 Accepted: 14 July 2010 
Published: 14 July 2010



Anderson et al. BMC Pediatrics 2010, 10:49
http://www.biomedcentral.com/1471-2431/10/49

Page 8 of 8
References
1. Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM: Prevalence of 

High Body Mass Index in US Children and Adolescents, 2007-2008.  
JAMA 2010, 303(3):242-249.

2. Ogden CL, Troiano RP, Briefel RR, Kuczmarski RJ, Flegal KM, Johnson CL: 
Prevalence of overweight among preschool children in the United 
States, 1971 through 1994.  Pediatrics 1997, 99:e1.

3. Lumeng JC, Gannon K, Cabral HJ, Frank DA, Zuckerman B: Association 
between clinically meaningful behavior problems and overweight in 
children.  Pediatrics 2003, 112(5):1138-1145.

4. Mamun AA, O'Callaghan MJ, Cramb SM, Najman JM, Williams GM, Bor W: 
Childhood behavioral problems predict young adults' BMI and obesity: 
evidence from a birth cohort study.  Obesity 2009, 17(4):761-766.

5. Datar A, Sturm R: Childhood overweight and parent- and teacher- 
reported behavior problems: evidence from a prospective study of 
kindergarteners.  Archives of Pediatrics & Adolescent Medicine 2004, 
158:804-810.

6. Mustillo S, Worthman C, Erkanli A, Keeler G, Angold A, Costello EJ: Obesity 
and psychiatric disorder: developmental trajectories.  Pediatrics 2003, 
111:851-859.

7. Anderson SE, Cohen P, Naumova EN, Must A: Relationship of childhood 
behavior disorders to weight gain from childhood into adulthood.  
Ambulatory Pediatrics 2006, 6(5):297-301.

8. Drukker M, Wojciechowski F, Feron FJM, Mengelers R, van Os J: A 
community study of psychosocial functioning and weight in young 
children and adolescents.  International Journal of Pediatric Obesity 
2008:1-7.

9. Bradley RH, Houts R, Nader PR, O'Brien M, Belsky J, Crosnoe R: The 
relationship between body mass index and behavior in children.  
Journal of Pediatrics 2008, 153:629-634.

10. Datar A, Sturm R: Childhood overweight and elementary school 
outcomes.  International Journal of Obesity 2006, 30:1449-1460.

11. Lawlor DA, Mamun AA, O'Callaghan MJ, Bor W, Williams GM, Najman JM: 
Is being overweight associated with behavioural problems in 
childhood and adolescence? Findings from the Mater-University study 
of pregnancy and its outcomes.  Archives of Disease in Childhood 2005, 
90:692-697.

12. Sawyer MG, Miller-Lewis L, Guy S, Wake M, Canterford L, Carlin JB: Is there 
a relationship between overweight and obesity and mental health 
problems in 4-to 5-year-old Australian children.  Ambulatory Pediatrics 
2006, 6:306-311.

13. Achenbach TM: Assessment of Psychopathology.  In Handbook of 
Developmental Psychopathology Second edition. Edited by: Sameroff AJ, 
Lewis M, Miller SM. New York: Kluwer Academic/Plenum Publishers; 
2000:41-56. 

14. McEwen BS: Understanding the potency of stressful early life 
experiences on brain and body function.  Metabolism-Clinical and 
Experimental 2008, 57(10):S11-S15.

15. Deater-Deckard K, Dodge KA, Bates JE, Pettit GS: Multiple risk factors in 
the development of externalizing behavior problems: group and 
individual differences.  Development and Psychopathology 1998, 
10(3):469-493.

16. Kupersmidt JB, Coie JD: Preadolescent peer status, aggression, and 
school adjustment as predictors of externalizing problems in 
adolescence.  Child Development 1990, 61(5):1350-1362.

17. Lissau I, Sorensen TI: School difficulties in childhood and risk of 
overweight and obesity in young adulthood: a ten year prospective 
population study.  International Journal of Obesity 1993, 17(3):169-175.

18. Lissau I, Sorensen TI: Parental neglect during childhood and increased 
risk of obesity in young adulthood.  Lancet 1994, 343(8893):324-327.

19. Janssen I, Craig W, Boyce WF, Pickett W: Associations between 
overweight and obesity with bullying behaviors in school-aged 
children.  Pediatrics 2004, 113(5):1187-1194.

20. Strauss RS, Pollack HA: Social marginalization of overweight 
adolescents.  Archives of Pediatrics & Adolescent Medicine 2003, 
157:746-752.

21. NICHD Early Child Care Research Network: Nonmaternal care and family 
factors in early development: an overview of the NICHD study of early 
child care.  Appl Dev Psychol 2001, 22:457-492.

22. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, 
Wei R, Curtin LR, Roche AF, Johnson CL: 2000 CDC Growth Charts for the 

United States: Methods and Development.  Vital Health Stat 11 2002, 
11(246):1-190.

23. Achenbach TM: Manual for the Child Behavior Checklist/2-3 and 1992 
Profile.  Burlington: University of Vermont, Department of Psychiatry; 
1992. 

24. Achenbach TM, Edelbrock C: Manual for the Child Behavior Checklist 
and Revised Child Behavior Profile.  Burlington: University of Vermont, 
Department of Psychiatry; 1983. 

25. Bérubé RL, Achenbach TM: Bibliography of published studies using 
Achenbach System of Empirically Based Assessment: 2005 edition.  
Burlington VT: University of Vermont, Research Center for Children, Youth, 
& Families; 2005. 

26. Radloff LS: The CES-D Scale: a self-report depression scale for research 
in the general population.  Applied Psychological Measurement 1977, 
1(3):385-401.

27. Fitzmaurice GM, Laird NM, Ware JH: Applied Longitudinal Analysis.  
Hoboken, NJ: John Wiley & Sons; 2004. 

28. Maldonado G, Greenland S: Simulation study of confounder-selection 
strategies.  American Journal of Epidemiology 1993, 138(11):923-936.

29. Flegal KM, Troiano RP: Changes in the distribution of body mass index of 
adults and children in the US population.  International Journal of 
Obesity 2000, 24:807-818.

30. Hedley AA, Odgen CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM: 
Prevalence of overweight and obesity among US children, adolescents, 
and adults, 1999-2002.  Journal of the American Medical Association 2004, 
291(23):2847-2850.

31. Guo SS, Chumlea WC: Tracking of body mass index in children in 
relation to overweight in adulthood.  American Journal of Clinical 
Nutrition 1999, 70:145S-148S.

32. Nader PR, O'Brien M, Houts R, Bradley RH, Belsky J, Crosnoe R, Friedman S, 
Mei Z, Susman EJ: Identifying risk for obesity in early childhood.  
Pediatrics 2006, 118(5):e594-601.

33. Puhl R, Brownell KD: Bias, discrimination, and obesity.  Obesity Research 
2001, 9:788-805.

34. Whitaker RC: Mental health and obesity in pediatric primary care: a gap 
between importance and action.  Archives of Pediatrics and Adolescent 
Medicine 2004, 158:826-828.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2431/10/49/prepub

doi: 10.1186/1471-2431-10-49
Cite this article as: Anderson et al., Externalizing behavior in early childhood 
and body mass index from age 2 to 12 years: longitudinal analyses of a pro-
spective cohort study BMC Pediatrics 2010, 10:49

This article is available from: http://www.biomedcentral.com/1471-2431/10/49© 2010 Anderson et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BMC Pediatrics 2010, 10:49

http://www.biomedcentral.com/1471-2431/10/49
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=20071470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9099776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14595059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19148130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12671123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17000421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18639889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16534518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15855179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17116602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18803958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9741678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2245729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8385076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7905145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15121928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8256780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10918526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15199035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16950951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11743063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289259
http://www.biomedcentral.com/1471-2431/10/49/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study Population
	Body mass index
	Child externalizing and internalizing behavior
	Covariates
	Analytic Approach

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References
	Pre-publication history

