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Abstract
Objective—Evidence for the adverse effects of prepregnancy obesity on offspring’s
neurodevelopmental outcomes has begun to emerge. We examined the association between
prepregnancy obesity and children’s behavior problems and if the association would differ by
race.

Methods—This observational study used a total of 3395 White (n = 2127) and African American
(n = 1268) children aged 96 – 119 months from the National Longitudinal Survey of Youth.
Behavior Problem Index (BPI) total and subscale scores were used to measure children’s behavior
problems. The association between maternal prepregnancy obesity and the BPI scores for each
racial group was examined using multivariate linear and logistic regressions, controlling for
prenatal, child, maternal, and family background factors.

Results—Maternal prepregnancy obesity was independently associated with an increase in the
BPI total scores among the White sample only. Among the African Americans, prepregnancy
obesity was not associated with the BPI scores. Subsample analyses using externalizing and
internalizing subscales also revealed similar trends. Among the White sample, children born to
obese women were more socially disadvantaged than those born to non-obese women, whereas no
such trend was observed in children of African American obese and non-obese women.

Conclusion—The impact of maternal prepregnancy obesity on children’s behavior problems
differed by racial groups. Obesity-related metabolic dysregulations during the intrauterine period
may not contribute to later children’s behavior problems. Social and psychological factors seem to
play key roles in the association between prepregnancy obesity and childhood behavior problems
among Whites.
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INTRODUCTION
Research over the past two decades has established a robust relation between the intrauterine
environment and the development of various human biological systems, particularly those
important for metabolic and cardiovascular function (i.e., heart, pancreas).1 More recent
work has begun to document the effects of the intrauterine environment on the central
nervous system (CNS).2,3 Prepregnancy obesity and weight gain during pregnancy are two
factors that have been associated with the development of adult chronic disease,4 but the
CNS effects of maternal obesity are less clear. Because of the high prevalence of obesity
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(body mass index: BMI ≥ 30 kg/m2) among reproductive-aged women,5 understanding the
possible health effects of maternal prepregnancy obesity on long-term CNS function is a
high priority.

Recent work has examined the possible effects of prepregnancy maternal obesity on child
cognition and behavioral problems. A handful of studies have demonstrated that maternal
prepregnancy obesity is associated with offspring’s cognition,6–8 but fewer studies
examined maternal weight status and the child’s psycho-behavior problems. Traditionally,
one’s behavior is thought to be shaped in the post-natal environments. Indeed contributions
from social scientists have shown strong evidence that economic disadvantage has harmful
effects on children’s development.9,10 The effects of poverty on children’s mental and
emotional health are often mediated through home environment, parental skills, and
maternal depression.11,12 The current study helps to fill the gap by examining the relation
between prepregnancy weight status and child behavior problems.

Animal studies have demonstrated that maternal obesity prior to conception, coupled with a
high-fat diet (HFD) during pregnancy and lactation, is associated with altered offspring’s
memory and learning of young mice.13,14 Bilbo et al.14 found that adult offspring of a HFD-
induced obese rodent exhibited anxiety-like behavior and increased inflammatory markers in
the brain. In humans, epidemiological studies examining childhood behavior problems and
maternal prepregnancy weight status have produced mixed results. Studies using Nordic
cohorts have shown that children born to obese women are at a higher risk of having
attention deficit. hyperactivity disorder (ADHD) symptoms compared to those born to
women with normal weight. 15,16 In another study, Brion et al.17 using two European
cohorts found no consistent associations between prepregnancy overweight/obesity and
behavior problem scores at preschool age or at primary school age across the cohorts. No
study has examined the association between prepregnancy BMI and offspring’s behavior
problems using racial groups other than European White.

The purpose of the current study is twofold: (1) to examine the association between maternal
prepregnancy obesity and children’s behavior problems using children from the United
States (US) and (2) to test the hypothesis that the association is similar across racial
differences. A recent study using a mixed racial/ethnic group of children from the US found
no evidence for a differential impact of race/ethnicity on the association between maternal
prepregnancy BMI and children’s cognitive function.7 In the current study, we use the term
race as a social construct.18 If maternal prepregnancy obesity adversely influences
children’s behavioral development purely through a pathway involving obesity-related
metabolic mechanisms during intrauterine period, one would expect the association between
prepregnancy obesity and a measure representing children’s behavior to demonstrate a
similar trend regardless of racial differences.

METHODS
A descriptive observational study design was employed using longitudinal data. Data were
obtained from a longitudinal cohort in the United States, the National Longitudinal Survey
of Youth (NLSY), Mother and Child file. The NLSY originally included a nationally
representative sample of 12686 men and women who were between 14 and 21 years old
when the survey began in 1979. Annual interviews were conducted from 1979 through 1994,
then biennially thereafter. Starting in 1986, biennial surveys on the biological children of the
NLSY female respondents began and continued to date on a variety of subjects.
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Subjects
The current study was based on primary school-aged children between 96 and 119 months
old (n = 7280), using NLSY surveys from 1986 through 2008. Primary school-aged children
were chosen because behavior problems are more recognized during this period than at
earlier ages and the results could be compared to previous studies.15–17 All age-eligible
children were pooled from different survey years, with birth years of children eligible for the
study spanning 1976 to 2000. Inclusion criteria for the current study were: White or African
American children, term births (gestational age 37–42 weeks), and birth weight 2500 grams
or greater. The last two criteria were used to minimize influences from prematurity and low
birth weight on subsequent behavioral problems. This resulted in a total of 4183 children
born to 2400 mothers. Final sample included a total of 3395 children born to 2080 mothers
(81.2% of the eligible sample: Whites = 2127 or 82.3% eligible sample born to 1307
mothers; African Americans = 1268 or 79.3% or eligible sample born to 773 mothers) with
complete data and biologically plausible BMI values according to the Centers for Disease
Control and Prevention (CDC) growth chart program.

Characteristics of White children who were included in the current study were not different
from those excluded. Among African Americans, children who were excluded differed from
those included in the study sample in that they were more likely to have mothers with lower
Armed Forces Qualification Test (AFQT) scores and come from families with lower
income.

Measures
Children’s behavior problems—The Behavior Problems Index (BPI) was developed by
Zill and Peterson19 based on Children’s Behavior Checklist 20 and other preexisting
children’s behavior scales to measure behavior problems of children aged 4 years and older.
Numerous studies have shown that the BPI has acceptable reliability (e.g., α-reliability =
0.91 for adolescent data from the 1981 Child Health Supplement 21). The completion rate
for the BPI in this cohort has been above 90%. Mothers rated scores on 28 questions, which
were based on their children’s behavior exhibited for the past three months. A higher score
represents a higher level of behavioral problems.

Children’s behavior problems were assessed using the BPI total scores as well as
externalizing and internalizing subscale scores. The age-based population-normed
standardized scores (mean = 100, standard deviation [SD] = 15) as well as percentile scores
were calculated by the NLSY analyst and included in the data set. For the externalizing and
internalizing subscales, population-normed scores were only available for the survey years
in 1994 and thereafter. For the survey years between 1986 and 1992, we constructed the
variable using the raw scores of each item included in the subscales. The population-normed
scores were then derived using the 1981 National Health Interview survey results as a norm
population.

Prepregnancy weight status—Mothers were asked to report their weight just before
pregnancy at their first interview after each birth of their child. Self-reported height for each
mother was collected in 1981, 1982 and 1985 interviews. The first reported height from
these interview years and weight just before each pregnancy were used to calculate their
prepregnancy BMI. The World Health Organization adult BMI criteria were used to
categorize weight status into underweight (BMI < 18.5 kg/m2), normal weight (18.5 kg/m2

BMI ≤ 25 kg/m2), overweight (25 kg/m2 ≤ BMI < 30 kg/m2), and obese (30 kg/m2≤BMI).

Other covariates—Other covariates were grouped into four factors: prenatal factors,
maternal factors, home background factors, and child factors. Prenatal factors included
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child’s birth weight, gestational age, and mother’s smoking during pregnancy. Birth weight
and gestational age of the children were reported by their mothers and expressed in
kilograms and weeks, respectively. Mothers also reported whether or not they smoked
during each pregnancy, and expressed in dichotomous measure (yes or no).

Maternal factors that may influence children’s development included age at childbirth,
education, intellectual ability. Maternal education was expressed as the maximum years of
education completed. Mother’s AFQT scores (percentile) was used as a general measure of
intellectual ability.

Home background factors included child’s home environment, household income, and
marital status of their mothers. Emotional support at home was measured using the Home
Observation for the Measurement of Environment Short Form (HOME-SF) emotional
support subscale. Developed by Caldwell and Bradley,22 HOME-SF, a shorter version of
HOME, was designed to measure quality of stimulation and support provided by family
caregivers, and has shown high correlations with children’s cognitive and behavioral
development.23 Wording of some items in the scale differs according to developmental age
groups. Examples of emotional subscale questions include: “About how many times do you
spank your children?” and “If your child got so angry that he/she hit you, what would you
do?” Age-based internally normed standardized scores (mean = 100 and SD = 15) were
determined by the NLSY analyst. We created a permanent measure of emotional support at
home by calculating a mean score of all available HOME-SF emotional support scores of a
child from birth to age 119 months.

A permanent household per capita income of a child was derived from averaging household
per capita incomes from his/her entire observation period. At each interview, mothers
reported their family net incomes and the number of people in their families. Per capita
income, deflated to 2008 US dollars, was calculated from family net income divided by the
number of family members. A permanent measure of maternal marital status was also
constructed by averaging the number of years that child’s mother being married with spouse
present over the child’s entire observation period, and expressed as “percent time mother
was married with spouse present”.

Finally, child factors included child’s race (mother-reported racial assignment, i.e. white or
African American), gender (male or female), birth order, child’s age in month, and child’s
weight status at the time of BPI assessment. Child’s weight status was determined by the
CDC growth chart program, and categorized according to BMI percentile for age and
gender: underweight (>5th percentiles), normal weight (5th – 84.99th percentiles),
overweight (85th – 94.99th percentiles), and obese (≥95th percentiles). BMIz-scores were
also used to compare group difference.

Maternal weight status categories when children were aged 96–119 months (thereafter called
“maternal contemporaneous weight status”) instead of prepregnancy weight status categories
were used in the analytical model to assess timing of maternal obesity in relation to
children’s behavior problem. These variables were selected through reviews of existing
literature. To achieve parsimony of the statistical model, only those that were statistically
significantly associated with the dependent variable in the linear model using whole sample.
Both maternal education and AFQT scores, which represent maternal intellectual ability,
have been considered important factor for children’s behavioral development. However, due
to high correlation between the two variables (r=0.54, p>0.0001), decision was made to keep
only maternal education in the model.
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Statistical Analysis
Characteristics of the samples by racial groups were compared using the t test (normally
distributed variables), Wilcoxon-Mann-Whitney test (non-normally distributed variables),
and χ2 test (categorical variables). We used both multivariate linear and logistic regressions
to examine the association between maternal prepregnancy weight status and children’s
behavior problem scores, adjusting for other specified variables. We first tested a linear
regression model that included both White and African American children. While none of
the maternal BMI categories was associated with children’s behavior problem scores using
the whole cohort, the interaction for White race by maternal prepregnancy obesity was
significant (data not shown). Therefore, we proceeded to examine the association separately
by racial groups. We then repeated the analyses using maternal contemporaneous weight
status in place for prepregnancy BMI categories. Second, we used logistic regression models
to estimate the odds of a child having “a high level of behavior problems” using the BPI
total percentile scores. “A high level of behavior problem” was defined as having the total
(or subscale) score equal or greater than 90th percentile. We also ran logistic regression
using a high level of externalizing or internalizing behavior as outcome measures using the
sample of children who had those scores available, which resulted in a total of 2071 White
and 1230 African American children for externalizing behavior subscale, and 2072 White
and 1231 African American children for internalizing behavior subscale. Characteristics of
these subsamples of children did not differ from those of the study sample described in
Table 1.

Presence of secular year trends for the BPI scores over time was tested entering year-dummy
variables. We found little evidence of secular trends for the BPI scores. In addition,
including year dummies in the model resulted in little change in the effects of maternal
prepregnancy weight status on BPI scores. Clustering of standard errors by sibling
correlation was corrected using the Huber-White sandwich method. Comparisons of
characteristics of White and African American children whose mothers were obese before
pregnancy were done against those of non-obese mothers using t test, Wilcoxon-Mann-
Whitney test, and χ2 test. All analyses were conducted using Stata 11 (StataCorp, College
Station, TX).

RESULTS
Characteristics of the study samples are shown in Table 1. Overall, the mean BPI total score
of the study sample was slightly higher than a normative sample. Gender ratio was the same
in the whole group and each racial group. Approximately 10% of the children had mothers
who were obese before becoming pregnant. The maternal obesity rate increased to 24%
when children were primary school-aged. About one half of children (50.9%) had mothers
with high school diploma, 27.5% had mothers with some college, and 21.6% had mothers
with at least 16 years of education.

There were noticeable differences in characteristics between the two racial groups in all but
gender ratios. African American children had approximately a 3-unit higher mean BPI total
score (p < 0.0001) than White children. Mean birth weight was approximately 200 grams
lower among African American children than White children (p < 0.0001), but the mean
BMI at age 8–9 years was higher among African American children than among White
children (p < 0.0001). A greater proportion of African American children had mothers who
were overweight and obese before pregnancy than did White children (χ2 = 14.24, p =
0.0026). Maternal smoking prevalence during pregnancy was lower among the African
American sample than the White sample (χ2 = 7.55, p = 0.0060). In addition, income,
HOME-SF scores, maternal age, education, and AFQT were all lower among the African
American sample than the White sample (Table 1).
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Linear Association between Maternal Obesity and Children’s BPI Total Scores
The results of multivariate linear regressions using BPI total scores are shown in Table 1
(Models 1 and 2). In the linear model for the White children (Model 1), maternal
prepregnancy obesity was associated with an average 4.3-unit increase in the BPI total
scores compared to having mothers who were normal weight before pregnancy, holding
other factors constant. Maternal prepregnancy overweight was marginally associated with
the BPI total scores holding other factors constant (p=0.062). In an unadjusted linear model,
maternal prepregnancy underweight showed a positive association with the BPI total scores
(β = 3.69, 95%CI = 1.37 – 6.04). However, inclusion of maternal age and prenatal smoking
in the model reduced the magnitude and strength of the association to non-significant level.
On the other hand, among African American children, prepregnancy obesity was not only
non-significant factor for the BPI total scores but also the direction of the coefficient was
opposite from that of Whites (Model 2). Neither maternal prepregnancy overweight nor
underweight was associated with children’s BPI total scores. Interestingly, only the
coefficient for maternal prepregnancy underweight bore positive sign.

We then tested the effects of maternal contemporaneous obesity on children’s BPI total
scores (results not shown). We used the same covariates as the models specified before. We
found that among Whites, maternal contemporaneous obesity was independently associated
with an approximately 2-unit increase in the BPI total scores (β = 2.04, p=0.044) compared
to children with normal weight mothers. Removing children whose mothers were obese
before pregnant with them resulted in null association between maternal obesity at child’s
aged 96–119 months and the BPI total scores (n=1942, β=0.14, p = 0.907). Among African
Americans, on the other hand, maternal contemporaneous obesity was not associated with
the BPI total (β = −0.25, p = 0.830). Removing children whose mothers were obese before
becoming pregnant with them did not change the results among African Americans.

Across racial groups, the effects of maternal and family background factors on the BPI
scores were similar, although the magnitudes and strengths of the associations differed
slightly. However, a close examination of some of family background factors showed
differences between racial groups by maternal prepregnancy obesity status. For example,
unadjusted associations between HOME-SF scores and the BPI scores showed a systematic
increase in the BPI total scores by maternal prepregnancy obesity among White children,
while there was a systematic decrease in the BPI scores by maternal prepregnancy obesity
among African American children (Figure, Panel A). A similar relation was present between
income and the BPI scores (Figure, Panel B).

Odds of Having a High Level of Behavior Problems
The Models 3 to 8 in Table 2 show results of logistic regression estimating the odds of a
child having “a high level of behavior problems” using the BPI total (Models 3 &4),
externalizing (Models 5 & 6), and internalizing subscale (Models 7 & 8) percentile scores.
Among the White sample, maternal prepregnancy obesity was associated with 78% higher
odds of having a child with a higher level of behavior problems than prepregnancy normal
weight category holding everything else constant (Model 3). The results using externalizing
and internalizing subscales were similar except that strengths and magnitude of relationship
were slightly weaker than those results using the total score (Models 5 & 7). Among the
African American sample, the odds of having a child with a high level of behavior problems
were very similar across all categories of maternal prepregnancy weight status (Models 4, 6,
& 8).
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Comparison of Obese vs. Non-obese Characteristics by Racial Groups
Comparison of sample characteristics by maternal prepregnancy obesity status is shown in
Table 3. Among Whites, the maternal prepregnancy obese group had lower HOME-SF
scores and lower household income than the non-obese group. In contrast, among African
Americans, the HOME-SF scores and household income did not differ between obese and
non-obese groups. On average, obese African American mothers had longer years of
education than non-obese mothers. The gender ratio for the children of obese African
American women prompted an examination of gender-separate linear regression models for
this racial group. No evidence was found for the gender ratio altering the positive
association between maternal prepregnancy obesity and BPI total scores of African
American children (result not shown).

DISCUSSION
This study was designed to examine the relation between maternal prepregnancy weight
status and children’s behavior problems, and to examine if the same relationship holds in
different racial groups, using African American and White U.S. children. We found that the
association between children’s behavior problem scores and maternal prepregnancy obesity
was not consistent across the two racial groups. Maternal prepregnancy obesity was
associated with an increase in mother-rated children’s behavior problem scores among
White primary school-aged children from term-birth. Among African American children, we
found no association between maternal prepregnancy obesity and children’s behavior
problems. In addition, contemporaneous maternal obesity was not an independent factor for
children’s BPI scores in either racial group, suggesting that the timing of a White woman’s
being obese may play an important role in the association. Characteristics of children born to
obese women were different from those of non-obese women, although the patterns of
difference varied by racial groups in such a way that a wide social gap between obese and
non-obese women seemed to exist among Whites but not among African Americans.

With regard to White children, our results are in accordance with those of Rodriguez et al. 15

and Rodriguez,16 in that maternal prepregnancy obesity was an independent factor for
increasing children’s behavior problems. However, direct comparisons of these studies may
not be possible; the outcome measure in the current study is the mother-rated global
behavior problem score, whereas the studies by Rodriguez used the measures to specifically
identify ADHD symptoms. Our results are different from those of Brion et al.17 who
examined the same association in two different age groups (preschool and primary school)
using a similar instrument to the current study but a different analytic strategy. Their use of
an analytical method of estimating the probability of a child being in a higher quintile may
have been necessary because of the use of raw scores, but their analysis may have been
insensitive to detecting small increases in behavior problem scores, which in our study was
about 4.4 units of standardized total score (or a 0.3 SD unit).

With regard to African American children, this was the first study examining the association
between children’s behavior problem scores and maternal prepregnancy obesity using a
large number from a minority racial group. All three of the previous similar studies were
conducted in European countries with overwhelming White populations. Our results
indicated that maternal prepregnancy obesity in the African American sample was not a
factor for their children’s developing behavior problems. This was unexpected. Replication
of the study using African American children from a different cohort is warranted to verify
our findings.

While prevalence of obesity is higher among populations with low socioeconomic status
(SES) and minority racial/ethnic standings,24 obese White women may experience larger
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social and economic consequences than their African American counterparts. For example,
Salsberry and Reagan25 found that both childhood and adult low SES were associated with
being obese among middle-aged White women, but this relationship did not exist among
African American women. Other studies indicated a larger wage difference between obese
and non-obese White women than that between obese and non-obese African American
women.26 Using data from the 1981–2000 NLSY79, Cawley26 estimated that an obese
White woman would earn 11.9% less wages than her normal-weight counterpart. An inverse
relationship between BMI and SES was also found among White female adolescents from
the early 2000s in the US, whereas high BMI was more prevalent among African American
female adolescents from high SES in the same period.24,27

The psychological impact of obesity also appeared greater among White women than
African American women. For example, low self-esteem was more pronounced among
obese White women than obese African American women.28 Similarly, quality of life
perceived by obese White women was significantly lower than that perceived by obese
African American women, though a negative relationship between BMI and perceived
quality of life was a general trend in both racial groups.29 It is possible that the significant
relationship between children’s behavior problems and maternal prepregnancy obesity
observed in Whites in the current study may be because prepregnancy obesity acts as a
marker of persistent social disadvantage or stigma related to obesity that exists among White
women. This notion is supported by our results among the White sample showing that
children’s BMI significantly associated with their own behavior problems. In addition, the
null association between children’s BPI scores and contemporaneous maternal obesity may
demonstrate distinct characteristics of the White women who were obese before becoming
pregnant.

Results of the current study may have important health, social, and economic implications.
When we estimated the odds of a child having a clinically-significant behavior problems
(BPI total or subscale scores ≥ 90 %ile), we found that children born to obese White women
were associated with 1.6–1.8 times higher risk of having “a high level of behavior
problems” compared to those born to normal weight White women. The social and
economic burdens of treating these children with behavior problems are high. An annual
societal cost for childhood ADHD alone has been estimated over $40 billion in the US.30

For young White women who are especially affected by obesity epidemic, providing them
with guidance to nurture successful parenting skills and encouraging them to regain healthy
weight status may be necessary for reducing the risk of their children developing severe
behavior problems. For young African American women, because high weight status carries
high costs for their health, innovative approaches to weight maintenance while preserving its
protective effect for children’s behavior problems are imperative.

The current study has strengths and limitations. One of our major strengths is a large number
of African American children in our sample, which allowed us to conduct a separate analysis
for each racial group. Panel data design also made it possible to construct permanent
measures of HOME-SF scores and household income: more accurate measures for family
background than those from point-in-time.9 Our study also has limitations. Most data were
from mothers’ self-reports, including maternal prepregnancy weight. Individuals at a higher
end of weight tend to underestimate and those at a lower end to overestimate their weights.31

Therefore, use of self-reported body weight may have resulted in overestimation of the
effects by prepregnancy obesity on children’s BPI score. In other words, our estimates for
prepregnancy obesity may represent for those with much higher BMI than the current cut-off
for adult obesity (BMI≥30 kg/m2). Unfortunately, low frequency of prepregnancy obesity in
our sample (9.5%) did not allow us to examine the effects of different obesity classes (e.g.
WHO obesity class I, II, or II).
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There may be omitted variables that may be correlated to maternal prepregnancy obesity.
One of these may be the effect of maternal depression on children’s behavior problems,
which we were unable to demonstrate due to the limitation in the timing of maternal
depressive symptom assessment in the NLSY. The scores of the Center for Epidemiologic
Studies Depression scales (CES-D) for the mothers were only available from the interviews
in 1992 and 1994. This would mean that the assessment for maternal depressive symptoms
may have occurred at varying times for each participant, depending on when she became
pregnant: time before childbirth, during pregnancy, or after childbirth. While we were aware
of this limitation, we ran our analyses including maternal CES-D score and its interaction
term. Inclusion of these variables resulted in strengthening of the positive association
between maternal prepregnancy obesity children’s BPI scores (β = 5.99, 95%CI = 2.49 –
9.49) among Whites, and in a statistically significant negative association between
prepregnancy obesity and children’s BPI score among African Americans (β = −5.6, 95%CI
= −9.40 – −1.81), suggesting that maternal depression may have a distinct effect on the
relationship between prepregnancy obesity and children’s behavior problems by racial
groups.

We may also have introduced sample selection bias. Characteristics of the study sample and
those excluded due to missing information were not equally distributed. We realized that
disadvantaged African American children were more likely to be excluded, which could
have underestimated the effects of income and AFQT scores for this racial group. However,
we do not think that it would result in a meaningful change in the association between
maternal prepregnancy obesity and children’s behavior problem scores because
prepregnancy obesity tends not to bear a signature of social disadvantage among African
American women in this sample. Lastly, because of the observational nature of our study
design, causal relationship cannot be assumed.

In conclusion, there is little evidence suggesting maternal prepregnancy obesity impact
children’s behavior problems through intrauterine mechanisms. The association between
maternal prepregnancy obesity and children’s behavior found in White samples in the
current as well as previous studies could not be replicated with the African American sample
of the NLSY. Our results indicate that the association between maternal prepregnancy
obesity and children’s behavior problems may be largely due to disadvantaged social
characteristics that are uniquely present among White female population. Culturally
sensitive and innovative approaches are needed to reduce the risk of developing childhood
behavior problems while encouraging young women of all racial/ethnic backgrounds to
maintain healthy weight. The findings of this study add to the growing body of literature
documenting the relationship between health outcomes of prepregnancy obesity and racial/
ethnic differences. We recommend replication of the study using samples from other racial/
ethnic groups.
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Figure.
Unadjusted relations between BPI total standardized score and selected family and maternal
factors stratified by maternal prepregnancy obese status. Dark-shaded lines showing
regression lines of the BPI total scores for children of women who were obese before
pregnancy; light- shaded lines for those of women who were non-obese before pregnancy.
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