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IMPORTANCE Many early life risk factors for childhood obesity are more prevalent among
blacks and Hispanics than among whites and may explain the higher prevalence of obesity
among racial/ethnic minority children.

OBJECTIVE To examine the extent to which racial/ethnic disparities in adiposity and
overweight are explained by differences in risk factors during pregnancy (gestational
diabetes and depression), infancy (rapid infant weight gain, feeding other than exclusive
breastfeeding, and early introduction of solid foods), and early childhood (sleeping <12 h/d,
presence of a television set in the room where the child sleeps, and any intake of
sugar-sweetened beverages or fast food).

DESIGN Prospective prebirth cohort study.
SETTING Multisite group practice in Massachusetts.

PARTICIPANTS Participants included 1116 mother-child pairs (63% white, 17% black, and 4%
Hispanic)

EXPOSURE Mother's report of child's race/ethnicity.

MAIN OUTCOMES AND MEASURES Age- and sex-specific body mass index (BMI) z score, total
fat mass index from dual-energy x-ray absorptiometry, and overweight or obesity, defined as
a BMI in the 85th percentile or higher at age 7 years.

RESULTS Black (0.48 U [95% Cl, 0.31to 0.64]) and Hispanic (0.43 [0.12 to 0.74]) children had
higher BMI z scores, as well as higher total fat mass index and overweight/obesity prevalence,
than white children. After adjustment for socioeconomic confounders and parental BMI,
differences in BMI z score were attenuated for black and Hispanic children (0.22 U [0.05 to
0.40] and 0.22 U [-0.08 to 0.52], respectively). Adjustment for pregnancy risk factors did
not substantially change these estimates. However, after further adjustment for infancy and
childhood risk factors, we observed only minimal differences in BMI z scores between whites,
blacks (0.07 U [-0.11to 0.26]), and Hispanics (0.04 U [-0.27 to 0.35]). We observed similar
attenuation of racial/ethnic differences in adiposity and prevalence of overweight or obesity.

CONCLUSIONS AND RELEVANCE Racial/ethnic disparities in childhood adiposity and obesity

are determined by factors operating in infancy and early childhood. Efforts to reduce obesity
disparities should focus on preventing early life risk factors.
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n the past 3 decades, rates of overweight and obesity among

children have substantially increased worldwide, with all

but the poorest countries now struggling with a high preva-
lence of obesity and its related noncommunicable diseases.*
In the United States alone, the prevalence of overweight and
obesity in children and adolescents is 32%.>** Although child-
hood overweight and obesity rates may have plateaued in some
US population subgroups, such as non-Hispanic whites and
those of higher socioeconomic status, overall rates remain high,
and racial/ethnic and socioeconomic disparities seem to be

widening.>®

There is growing evidence that risk factors in the prena-
tal period and early childhood are crucial to the development—
and thus prevention—of obesity and its consequences. Epide-
miologic studies suggest that adverse exposures, such as
intrauterine exposure to maternal smoking, excessive weight
gain, or elevated glucose levels, and, in early childhood, rapid
infant weight gain, poor feeding practices, too much televi-
sion viewing, and short sleep duration, may increase short- and
long-term risks for obesity and its sequelae.®2° For these rea-
sons, the 2010 White House Task Force Report, Solving the Prob-
lem of Childhood Obesity Within a Generation,*” and 2 Insti-
tute of Medicine reports?®2° emphasize the role of early life
risk factors in obesity development and the need for interven-

tions in early life to prevent obesity.

Research has demonstrated racial/ethnic and socioeco-
nomic disparities across most known risk factors for child-
hood obesity from the prenatal period through childhood. In a
study reported elsewhere,3° we found that children from
racial/ethnic minority groups had a higher prevalence of sev-
eral early life risk factors for obesity than did their white
counterparts. Among blacks and Hispanics, these differences
included higher rates of maternal depression during preg-
nancy. Differences during infancy included more rapid infant
weight gain, lower rates of exclusive breastfeeding, fewer
infants sleeping at least 12 h/d, and more infants receiving
solid foods before 4 months of age, and differences after age 2
years included a higher prevalence of a television set in the
room where the child sleeps and higher intake of sugar-
sweetened beverages or fast food. These differences may very
well explain the observed racial/ethnic disparities in elevated
adiposity and prevalence of overweight and obesity as chil-
dren grow up, but, to our knowledge, no study has yet

explored this hypothesis.

The purpose of this study was to examine the extent to
which racial/ethnic disparities in childhood adiposity and over-
weight and obesity among a cohort of school-age children are
explained by differences in pregnancy, infancy, and early child-

hood risk factors.

Methods
Subjects and Study Design

Study subjects were participants in Project Viva, a prospec-
tive, prebirth cohort study that recruited women during early
pregnancy from Harvard Vanguard Medical Associates, a mul-
tispecialty group practice in eastern Massachusetts.>! Details
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of recruitment and retention procedures are available
elsewhere.3' Of the 2128 women who delivered a live new-
born, 1579 were eligible for 7-year follow-up, of whom 1116 at-
tended a 7-year in-person visit.

After obtaining informed consent, we performed in-
person study visits with mothers at the end of the first and sec-
ond trimesters of pregnancy and with mothers and children
in the first few days after delivery and at 6 months, 3 years,
and 7 years after birth. Mothers completed mailed question-
naires 1, 2, 4, 5, and 6 years after birth. Institutional review
boards of Harvard Pilgrim Health Care, Brigham and Wo-
men’s Hospital, and Beth Israel Deaconess Medical Center ap-
proved the study protocols.

Measurements

Main Exposure

At the 3-year interview, research assistants asked mothers the
question, “Which of the following best describes your child’s
race or ethnicity?” Mothers had a choice of 1 or more of the fol-
lowing racial/ethnic groups: Hispanic or Latino, white or Cau-
casian, black or African American, Asian or Pacific Islander,
American Indian or Alaskan Native, and other (specification
was requested). For the participants who chose “other,” we
compared the specified responses to US census definitions3?
for the other 5 race/ethnicities and reclassified the children
where appropriate.

Outcome Measures

We measured children’s height and weight using a calibrated
stadiometer (Shorr Productions) and scale (Seca model 881;
Seca Corp). We calculated age- and sex-specific body mass in-
dex (BMI) z scores using US national reference data.>* We de-
fined overweight or obesity as a BMI in the 85th percentile or
higher for age and sex.** In children at age 7 years, we also mea-
sured total fat with dual-energy x-ray absorptiometry and cal-
culated the fat mass index (in kilograms per square meter),
waist circumference (measured in centimeters with a Lufkin
woven tape), and the sum of subscapular and triceps skin-
fold thickness measurements (obtained with Holtain calipers
[Holtain Ltd]). Research assistants performing all measure-
ments followed standardized techniques®# and participated in
in-service training to ensure measurement validity (Shorr Pro-
ductions). Interrater and intrarater measurement error were
well within published reference ranges for all measurements.3>

Intermediate Variables: Early Life Risk Factors
The main intermediate variables were risk factors during preg-
nancy, infancy, and early childhood that are associated with
childhood obesity in the medical literature and were signifi-
cantly more prevalent among black and Hispanic children than
their white counterparts in our previous Project Viva analysis
of obesity-related risk factors.3°

In pregnancy, these risk factors included (1) gestational dia-
betes, defined as 2 or more abnormal fasting glucose toler-
ance test results at 26 to 28 weeks of gestation based on pub-
lished criteria,3® and (2) maternal depression in the second
trimester of gestation, defined as a score of 13 or more on the
Edinburgh Postnatal Depression Scale.>” We did not include
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gestational weight gain or smoking during pregnancy be-
cause our earlier study did not show racial/ethnic differences
in either after adjustment for maternal socioeconomic

characteristics.3°

Risk factors during infancy included (1) rapid infant weight
gain, defined as being in the highest quartile of change in
weight-for-age z score between birth and age 6 months based
on US reference data®3; (2) early introduction of solid foods,
defined as introduction of complementary foods before 4
months of age; and (3) feeding other than exclusive breast-
feeding, defined as mixed breastfeeding and formula feed-
ing, weaned from breastfeeding, or formula feeding only in the

first 6 months of life.

Early childhood risk factors (age 1-3 years) included (1)
insufficient sleep, defined as less than 12 h/d of sleep from
age 6 months to 2 years®; (2) any intake of sugar-sweetened
beverages at age 2 years, defined as intake of soda (other than
sugar-free soda), flavored milks, and fruit drinks (eg, Hi-C,
Kool-Aid, and lemonade)?®; (3) any intake of fast food3° at age
3 years; and (4) the presence of a television set in the room
where the child sleeps at age 4 years, according to the moth-

er’s report.

Confounding Factors

We also collected information about maternal age, educa-
tional level, parity, and household income. Mothers reported
their prepregnancy weight and height as well as the father’s
weight and height, from which we calculated maternal and pa-

ternal BMIs.

Statistical Analysis

We first examined bivariate relationships between child race/
ethnicity and each risk factor, covariate, and anthropometric
outcome. We then used multivariable linear or logistic regres-
sion models to examine the association between the child’s
race/ethnicity and our anthropometric outcomes, with and
without the inclusion of confounding factors or early life risk
factors. Our first model, model 1, was adjusted for child age
and sex only. We then also adjusted the multivariable models
for potential confounders, including socioeconomic vari-
ables (model 2) and maternal and paternal BMI (model 3). In
subsequent models, we adjusted for risk factors during preg-
nancy (gestational diabetes and depression; model 4), in-
fancy (rapid infant weight gain, feeding other than exclusive
breastfeeding, and early introduction of solid foods; model 5),
and early childhood (sleeping <12 h/d, presence of a televi-
sion set in the room where the child sleeps, and any intake of
sugar-sweetened beverages or fast food; model 6). Each sub-
sequent model includes adjustments in the prior model, with

further adjustments.

The confounding and intermediate variables were not ob-
served in all subjects. Using only subjects with all data ob-
served would have resulted in a smaller sample, and most sub-
jectslost to analysis would have been missing only 1 or 2 values.
Reducing the sample in this manner loses information and can
produce a selected subset. We therefore used multiple impu-
tation to include the information known about subjects with

missing values.*%4!
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In the multiple-imputation process, amodel is used to gen-
erate or “impute” a plausible value that might have been ob-
served for each missing datum; this process incorporates
known variability in the data. A “completed” data set com-
prises the observed data and 1 imputed value for each miss-
ing datum. The analysis is then performed with this com-
pleted data set. Next, these initial imputed values are discarded,
and a new set of imputed values (ie, a new completed data set)
is generated, and the analysis is performed in the new com-
pleted data set. After several repetitions of this process, the
analysis results—here, parameter estimates—are then com-
bined in a structured fashion that accurately reflects the true
amount of information in the observed data.

The advantage of this process is that it does not errone-
ously presume that any of the imputed values are known
true values. Instead, the information in partially observed
subjects is recovered rather than being discarded, as is typi-
cally done. Theory and experience with multiple imputation
show that the results can be unbiased and confidence inter-
vals narrower, and avoiding the selection bias implied by
using only complete cases can meaningfully change param-
eter estimates.** We generated 50 complete data sets and
combined multivariable modeling results with SAS software,
version 9.3 (Proc MIANALYZE software; SAS Institute, Inc).

From these multiple imputation results, we report ad-
justed differences estimated from regression models and 95%
CIs for black and Hispanic children compared with non-
Hispanic white children as the reference group.

. |
Results

Consistent with national statistics, we found that black and His-
panic children, compared with non-Hispanic white children,
had substantially higher BMI z scores, total fat mass index at
dual-energy x-ray absorptiometry, and prevalence of over-
weight and obesity at age 7 years (Table 1). Waist circumfer-
ence and the sum of subscapular and triceps skin-fold thick-
ness measurements were all higher among black and Hispanic
children than among non-Hispanic white children. Because of
the significant heterogeneity among the children categorized
as multiracial or “other” and because we did not observe dif-
ferences in BMI z score or childhood overweight or obesity
prevalence between these children and non-Hispanic white
children in our study, we report all subsequent results only for
black and Hispanic children compared with non-Hispanic white
children. With the exception of excessive gestational weight
gain, we observed that all the early life risk factors we mea-
sured were more prevalent among blacks and Hispanic chil-
dren than among non-Hispanic white children (Table 2).

In models adjusted only for child age and sex, BMI z scores
were higher among black and Hispanic children (differences,
0.48 U[95% CI, 0.31 to 0.64] and 0.43 U[0.12 to 0.74], respec-
tively) compared with non-Hispanic white children (Table 3and
Figure). After adjustment for socioeconomic confounders and
parental BMI, these differences were attenuated for black and
Hispanic children (0.22 U [95% CI, 0.05 to 0.40] and 0.22 U
[-0.08 to 0.52], respectively). Adjustment for pregnancy risk
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Table 1. Selected Parent and Child Characteristics According to Child Race/Ethnicity®

Race/Ethnicity of Child

White, Black, Hispanic
Non-Hispanic  Non-Hispanic or Latino Other
Characteristic (63%) (17%) (4%) (16%) P Value
Maternal age, mean (SE), y 33.4(0.16) 28.9 (0.49) 28.9(0.93) 30.8(0.44) <.001
Maternal prepregnancy BMI, mean (SE) 24.0 (0.17) 27.3 (0.52) 25.5(0.81) 24.6 (0.40) <.001
Paternal BMI, mean (SE) 26.4 (0.14) 26.9 (0.35) 27.3(0.58)  25.8(0.33) .05
Maternal educational level, college 80.3 38.8 21.1 60.3 <.001
graduate or above, %
Primiparous mother, % 49.4 42.7 35.1 48.3 15
Annual household income >$70 000, % 73.3 25.1 23.1 56.8 <.001
Characteristics of children
Female sex, % 51.9 45.5 36.8 50.1 15
Measurements at age 7 y, mean (SE)
BMI z score 0.29 (0.04) 0.79 (0.08) 0.74 (0.15)  0.29 (0.08)
SS + TR skin-fold thickness, mm 18.7 (0.31) 23.5(0.98) 21.9(1.70)  20.2(0.79)  <.001
Total FMI at DXA, kg/m? 4.26 (0.06) 5.01 (0.20) 4.96 (0.33) 4.41(0.15) <.001
Waist circumference, cm 59.2 (0.26) 63.3 (0.84) 62.1(1.32) 59.4(0.68) <.001
BMI, %
285th Percentile 21.2 39.9 39.7 24.7 <.001
295th Percentile 7.2 27.3 25.4 13.0 <.001
Table 2. Early Life Risk Factors for Childhood Obesity According to Child Race/Ethnicity®
Children, %
White, Black, Hispanic
Factor Non-Hispanic Non-Hispanic or Latino P Value
Pregnancy exposures
Excessive gestational weight gain 59.9 58.2 52.7 .16
Gestational diabetes 4.6 5.2 5.2 .99
Mother smoking during early pregnancy 7.8 13.5 16.3 .01
Prenatal depression 6.4 15.6 20.8 .001
Infancy exposures
Rapid infant weight gain® 20.5 36.8 39.7 <.001
Not exclusively breastfed at age 6 mo 68.6 81.5 88.3 .001
Introduction of solid foods before age 13.1 33.9 41.2 <.001
4 mo
Early childhood exposures
Average daily sleep duration <12 h/d 30.2 60.4 64.1 <.001
atage6moto2y
Any sugar-sweetened beverage intake 46.3 84.4 81.3 <.001
atage2y
Any fast food intake at age 3 y 64.5 80.9 83.7 <.001
Television in room where child sleeps 6.4 52.8 61.2 <.001

atagedy

factors did not substantially change these estimates (differ-
ences, 0.23 U[0.06 to 0.40] for black and 0.24 U[-0.07t0 0.54]
for Hispanic children). However, after further adjustment for
infancy and early childhood risk factors, we observed only
minimal differences in BMI z scores between white children
and black or Hispanic children (0.07 U[-0.11to0 0.26] and 0.04
U [-0.27 to 0.35], respectively). Each infancy and early child-
hood risk factor contributed to the observed racial/ethnic dif-
ferences. The degree of attenuation ranged from 10% after ad-
justment for having a television set in the room where the child
sleeps to 23% after adjustment for rapid infant weight gain (data

not shown).
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Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
DXA, dual-energy x-ray
absorptiometry; FMI, fat mass index;
SS, subscapular; TR, triceps.

2 Data from 1116 mother-child pairs
from Project Viva.

@ Data from 1116 mother-child pairs
from Project Viva.

b Rapid infant weight gain was
defined as being in the highest
quartile of change in weight-for-age
z score between birth and age 6
months based on US reference
data.>

We observed similar patterns of attenuation by socioeco-
nomic factors, parental BMI, and infancy and early childhood
risk factors for all our anthropometric outcomes (Table 3). How-
ever, racial/ethnic disparities were less attenuated for the preva-
lence of overweight or obesity than for BMI z score. For ex-
ample, in models adjusted for socioeconomic factors and
parental BMI, the odds of overweight or obesity was higher
among black and Hispanic children (odds ratio, 1.60 [95% CI,
1.09-2.56]and 1.88 [0.89-3.94]) than among non-Hispanic white
children. After adjustment for infancy and early childhood risk
factors, these odds ratios were attenuated to 1.35 (95% CI, 0.84-
2.16) in black and 1.46 (0.65-3.28) in Hispanic children.

jamapediatrics.com
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Table 3. Anthropometric Outcomes at Age 7 Years According to Child Race/Ethnicity Before and After

Adjustment for Confounders and Early Life Risk Factors for Obesity

Estimated Difference or OR (95% ClI)

White, Black,
Measure and Multivariable Model® Non-Hispanic® Non-Hispanic Hispanic
Difference in BMI z score
Model 1 0 0.48 (0.31 to 0.64) 0.43 (0.12 to 0.74)
Model 2 0 0.35(0.17 to 0.53) 0.27 (-0.06 to 0.59)
Model 3 0 0.22 (0.05 to 0.40) 0.22 (-0.08 to 0.52)
Model 4 0 0.23 (0.06 to 0.40) 0.24 (-0.07 to 0.54)
Model 5 0 0.16 (-0.01 to 0.33) 0.14 (-0.16 to 0.44)
Model 6 0 0.07 (-0.11 to 0.26) 0.04 (-0.27 to 0.35)
Difference in SS + TR skin-fold thickness, mm
Model 1 0 3.95 (2.43 to 5.47) 2.93 (0.02 to 5.85)
Model 2 0 2.64 (0.96 to 4.32) 1.20 (-1.84 to 4.24)
Model 3 0 1.56 (-0.04t03.16)  0.81(-2.07 to3.68) Abbreviations: BMI, body mass index:
DXA, dual-energy x-ray
Model 4 0 1.57 (-0.03 to 3.18) 0.84 (-2.05 to 3.74) absorptiometry; FMI, fat mass index;
Model 5 0 1.01 (-0.60 to 2.61) -0.01 (-2.89 to 2.86) OR, odds ratio; SS, subscapular;
Model 6 0 025(-1.46t01.97) -0.86(-3.83t02.11) TR triceps.
Difference in FMI at DXA, kg/m? @ Model 1is adjusted for child age and
’ sex. Each subsequent model
Model 1 0 0.66 (0.35 t0 0.97) 0.72 (0.13 to 1.30) includes adjustments in the
Model 2 0 0.42 (0.07 to 0.76) 0.39 (-0.22 to 1.00) preceding model, with the following
Model 3 0 0.18 (-0.14t0 0.51)  0.31 (-0.27 t0 0.89) f”rtrera?”“”f‘e”t:: m°|de' 2.the
conrounders of maternal age,
Model 4 0 0.19 (-0.14t00.51)  0.33 (-0.26 to 0.91) educational level, parity, and
Model 5 0 0.08 (-0.25 to 0.40) 0.16 (-0.43 to 0.74) household income; model 3, the
Model 6 0 -0.05 (-0.40 10 0.30)  0.02 (-0.59 t0 0.62) confounders of maternal and
paternal BMI; model 4, the
Difference in waist circumference, cm pregnancy factors of gestational
Model 1 0 2.85 (1.57 to 4.13) 1.89 (-0.54 to 4.31) diabetes and second-trimester
Model 2 0 2.13 (0.71 to 3.55) 0.94 (-1.59 to 3.48) depression; model 5, the infancy
factors of rapid infant weight gain
Model 3 0 1.09 (-0.25t02.43)  0.60 (-1.78 to 2.99) (defined as being in the highest
Model 4 0 1.11 (-0.23 to 2.45) 0.65 (-1.74 to 3.04) quartile of change in weight-for-age
Model 5 0 0.66 (-0.69t0 2.00)  -0.01 (2.39 to 2.38) zscore between birth and age 6
months), feeding other than
Model 6 0 0.12 (-1.32t01.56)  -0.61 (-3.07 to 1.85) exclusive breastfeeding, and
OR for overweight or obesity (BMI 285th vs introduction of solid foods before
<85th percentile) age 4 months; and model 6, the
Model 1 1 [Reference] 2.35 (1.69 to 3.34) 2.34 (1.22 to 4.51) early childhood risk factors of
Model 2 1[Reference]  2.03 (1.36 to 3.02) 1.92 (0.96 to 3.84) insufficient sleep, presence of a
television set in the room where the
Model 3 1 [Reference] 1.67 (1.09 to 2.56) 1.88 (0.89 to 3.94) child sleeps, and intake of
Model 4 1 [Reference] 1.71 (1.12 to 2.62) 1.95 (0.92 to 4.14) sugar-sweetened beverages and
Model 5 1[Reference] 1.4 (1.00 to 2.39) 1.69 (0.78 t0 3.67) bfaSt food.
Model 6 1[Reference] ~ 1.35(0.84t02.16)  1.46 (0.65 to 3.28) The values in this column are
reference values.
E— Our findings suggest that racial/ethnic disparities in
Discussion childhood obesity may be explained by factors operating in

In this prospective prebirth cohort, we found that the preva-
lence of overweight and obesity among black and Hispanic
children at age 7 years was almost double that in white chil-
dren. The observed racial/ethnic disparities in adiposity and
the prevalence of overweight or obesity were partially but
not entirely explained by confounding socioeconomic factors
and parental obesity. Although adjustment for obesity risk
factors during pregnancy did not substantially change our
observed associations, after adjustment for infancy and early
childhood risk factors we observed only small differences in
BMI z score between non-Hispanic white, black, and Hispanic

children.
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infancy and early childhood and that eliminating these fac-
tors could eliminate the disparities in childhood obesity.
These factors include differences in modifiable early feeding
behaviors, such as breastfeeding and timing of the introduc-
tion of solid foods, accelerated infant weight gain, and early
childhood obesity-related risk factors, including insufficient
sleep, the presence of a television set in the room where the
child sleeps, and consumption of sugar-sweetened beverages
and fast food, all of which have been found previously to be
more prevalent among blacks and Hispanics than among
whites.3®43"47 In our study, adjustment for obesity-related
risk factors in infancy and early childhood attenuated the
observed differences in BMI z score between blacks and
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Figure. Body Mass Index z Score at Age 7 Years
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Body mass index (BMI) z score at age 7 years among black and Hispanic children
compared with non-Hispanic white children (reference group) before and after
adjustment for confounders and early life risk factors for obesity. Model 1
includes adjustment for child age and sex. Each subsequent model includes the
adjustments in the preceding model with the following further adjustments:
model 2 includes maternal age, educational level, parity, and household income;
model 3, maternal and paternal BMI; model 4, the pregnancy factors of
gestational diabetes and second-trimester depression; model 5, the infancy
factors of rapid infant weight gain (defined as being in the highest quartile of
change in weight-for-age z score between birth and age 6 months), feeding
other than exclusive breastfeeding, and introduction of solid foods before age
4 months; and model 6, the early childhood risk factors of insufficient sleep,
presence of a television set in the room where the child sleeps, and intake of

sugar-sweetened beverages and fast food.

whites by as much as 69% and between Hispanics and whites
by as much as 83%. Perhaps more complete measurement of
and adjustment for infancy and childhood risk factors could
attenuate the difference still further. Thus, our study implies
that interventions to modify early life risk factors may greatly
reduce disparities in the prevalence of childhood obesity.

Substantial evidence suggests that the best times in the life
course to prevent obesity are infancy and early childhood,
when behaviors are modifiable and/or physiologic character-
istics are plastic.’® The infancy and early childhood periods
seem particularly promising and highly sensitive to interven-
tions; there are multiple settings in which to access parents (eg,
primary care, child care, and early education), and parents and
other caregivers are highly sensitized to the child’s needs. Hab-
its and tastes develop early in children, so it is critical to fu-
ture behavioral patterns to establish tastes for a variety of foods,
enjoyment of active play, and good sleep habits.

Despite growing evidence for the role of early life interven-
tions in preventing childhood obesity, a 2010 review of inter-
ventions to prevent or treat overweight among children younger
than 2 years yielded only 10 published studies of poor or fair
quality.*® In addition, national funding initiatives continue to ex-
clude children younger than 2 years, a missed opportunity for
both obesity prevention and reduction of related racial/ethnic
disparities. For example, in 2011 the Centers for Disease Control
and Prevention awarded approximately $18 million to fund Child-
hood Obesity Research Demonstration grants,*° intended to pre-
vent and reduce obesity among children aged 2 to 12 years cov-
ered by the Children’s Health Insurance Program, which provides
low-cost health insurance to children from working families.
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Similar to findings of previous studies, we found that so-
cioeconomic factors confounded the observed associations be-
tween race/ethnicity and our anthropometric outcomes. Ad-
justment for parental and household socioeconomic factors
attenuated the observed difference in BMI z score between
black and white children by about 27% and between Hispanic
and white children by 37%.

Previous studies among both children®° and adults> have
examined the extent to which racial/ethnic disparities in obe-
sity are confounded or explained by socioeconomic status. In
astudy of 8984 children aged 12 to 17 years participating in the
National Longitudinal Study of Youth, Powell et al>° found that,
although parental income and maternal educational level par-
tially explained observed black-white and Hispanic-white dif-
ferences in BMI, a large portion of these differences remained
unexplained. In a study of 4356 US adults from the 1994-1996
Continuing Survey of Food Intakes by Individuals and the Diet
and Health Knowledge Survey, Wang and Chen*' found that
black-white differences in risk of overweight and obesity were
reduced by 38% after adjustment for educational level and in-
come, which partially explain the observed differences. Over-
all, our findings and those in the published literature suggest
that social conditions and their effects on children’s environ-
ments are important for understanding how disparities in child-
hood obesity originate.

In this study, we considered maternal and paternal BMI to
be confounders of the relationship between race/ethnicity and
obesity. However, parental BMI also could be an upstream vari-
able in the association between race/ethnicity and obesity.
Thus, obesity-related behaviors by overweight or obese par-
ents could influence early life behaviors and in utero or early
childhood physiologic programming in their offspring, lead-
ing to unhealthy weight trajectories.> In our study, differ-
ences in maternal and paternal BMI partially explained the ob-
served gaps between racial/ethnic groups. Our findings
emphasize the importance of intergenerational effects on obe-
sity and the need for interventions to interrupt the cycle of obe-
sity in families.

Strengths of our study included prospectively collected
data on a wide range of risk factors extending from preg-
nancy through early childhood; objectively measured weights,
heights, and anthropometric outcomes; and adjustment for
several important confounding socioeconomic factors. The
study also had several potential limitations. First, although we
used validated survey items, most of our exposure measures
were from self-report. These factors could have introduced so-
cial desirability bias because participants could exaggerate self-
reported behaviors. However, we have no reason to believe that
self-report of behaviors would differ by racial/ethnic group. Sec-
ond, although we studied many risk factors for childhood obe-
sity that had plausible hypotheses, we did not measure oth-
ers, such as lifestyle, cultural, or environmental determinants
of dietary and sedentary practices. The incomplete measure
of other important infancy and early childhood risk factors or
incomplete adjustment for residual confounders may ac-
count for our inability to explain all the racial/ethnic dispari-
ties in the prevalence of overweight and obesity. Third, our
sample of Hispanics was small, and the 95% CIs for some es-
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timates were wide. However, the observed effect estimates of
BMI z score for black and Hispanic children were almost iden-
tical, lending support to our conclusions for both groups.

In conclusion, obesity is disproportionately prevalent
among racial/ethnic minority children,® and recent trends sug-
gest that these disparities are widening.> Our findings sug-
gest that modifiable risk factors throughout the life course,>*
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