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Clinical and social factors associated with excess weight in
Hispanic and non-Hispanic White children
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BACKGROUND: Hispanic children are disproportionately affected by obesity, with this disparity starting at a young age, and there is
a paucity of data comparing factors associated with excess weight in the first year of life in Hispanic vs. non-Hispanic populations.
METHODS: Excess weight was defined as weight-for-length ≥95th percentile. The associations of potential risk factors were
compared by ethnicity stratification.
RESULTS: Of the 1009 children, 302 (30.0%) were Hispanic and 707 (70.0%) were non-Hispanic White. The rate of excess weight was
30.1% and 13.6% among Hispanic and non-Hispanic White children, respectively. Factors associated with excess weight for non-
Hispanic White children were higher than recommended weight gain during pregnancy (odds ratio (OR) 1.8 (1.2–3.1)), higher
paternal body mass index (BMI) (OR 1.1 (1.02–1.15)), higher birth weight (OR 1.001 (1.001–1.002)), and lower breast milk feedings at
6 months (OR 0.98 (0.96–0.98)). Factors associated with excess weight for Hispanic children were lower maternal education (OR 2.37
(1.1–4.5)) and lower breast milk feedings at 6 months (OR 0.98 (0.96–0.99)).
CONCLUSION: There are differential risk factors associated with excess weight at 12 months between Hispanic and non-Hispanic
White children. Identification of differential factors in different ethnicities may allow for more targeted anticipatory guidance reduce
obesity in at-risk populations.
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INTRODUCTION
Childhood obesity has become a critical public health concern
both in the United States and worldwide. Over the past three
decades, the prevalence of obesity among United States youth
has nearly tripled to 17%, with an overall prevalence of 8.9%
among preschool-aged children.1,2 Hispanic children are dispro-
portionately affected by obesity, with this disparity starting at a
young age; in children aged 2–5 years the prevalence of obesity
between 2011 and 2014 was 15.6% in the Hispanic population vs.
5.2% in the non-Hispanic White population.1

Childhood obesity is multifactorial, and clinical, social, and
genomic factors contribute to this disease3–5. It has long been
established that childhood obesity is also associated with obesity
later in life.6–8 In the US National Longitudinal Study of Adolescent
Health, nearly 40% of obese adolescents (with a body mass index
(BMI) >95th percentile) became severely obese (BMI >40 kg/m2)
by 30 years of age compared with <5% of normal weight
teenagers.7,9 Very early infant and childhood obesity also predicts
obesity in later childhood10–12 and adulthood,12,13 with a critical
window in very early life hypothesized to be especially predictive
of later obesity risk14 due to the metabolic programming and
epigenetic changes that can occur during early neonatal growth
and development.15

Obesity rates for Hispanic children are higher starting at a
younger age.1 Previous studies have shown that rapid weight gain
in infancy has been associated with childhood obesity14 and is
often one of the strongest predictors of obesity later in childhood.

Despite such observations, there is a paucity of data comparing
factors associated with being overweight or obese in the first year
of life in Hispanic vs. non-Hispanic populations.
Inova’s “The First 1000 Days of Life and Beyond” cohort study,

consisting of >3500 families, provides an opportunity for analysis
and overview of key issues related to pediatric health conditions
including childhood obesity and health disparities. In this manu-
script, we report the results of a cross-sectional analysis within this
cohort with the aim to investigate whether there are differential
risk factors for obesity among 12-month-old Hispanic vs. non-
Hispanic White children and to evaluate the genetic ancestry
background of both cohorts.

METHODS
Study design
“The First 1000 Days of Life and Beyond” study is a childhood
longitudinal cohort based in the Inova Health System. Beginning
in July 2012, women have been recruited during pregnancy to
participate in this study. Inclusion criteria included maternal age
>18 years, a willingness to participate in longitudinal surveys every
6 months and to have whole-genome sequencing of the family
trio—mother, father, and baby. Institutional Review Board (IRB)
approval was obtained (WIRB#20120204, Inova IRB#15-1804).16

This study is based on 12-month surveys completed by 1915 study
participants. The 355 children who had missing anthropometrics
were excluded. Outliers were removed for reported lengths using
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the interquartile range rule as previously validated,17 and five
subjects were excluded due to medical conditions associated with
disordered growth patterns (Trisomy 21, hypothyroidism and
Ogden syndrome). Self-reported maternal ethnicity was recorded;
only those with self-reported Hispanic or non-Hispanic White
ethnicity were included. The remaining 1009 children were
included, of which 302 were Hispanic and 707 were non-
Hispanic White children.

Characteristics of mothers, fathers, and children
Clinical, social, and environmental data were collected using
surveys, questionnaires, and medical records. Sociodemographic
factors including maternal ethnicity and education were collected
through questionnaires. Information about pregnancy complica-
tions such as gestational diabetes, children’s birth weight,
gestational age, parity, and sex were obtained from medical
records. Nutritional data were collected using an adopted and
modified version of the CDC-Behavioral Risk Factor Surveillance
System; sleep and screen time data were collected through
surveys at 6 and 12 months. Parentally reported anthropometrics
were collected using surveys at 12 months of age. Maternal stress
score was evaluated using Perceived Stress Scale at 12-month
survey.18 The congruence of paternal ethnicity and maternal
ethnicity was examined.
Of 1009 children, only 543 had genomic data. The ancestry of

the 543 children including 194 (35.7%) Hispanic and 349 (64.3%)
non-Hispanic White children were estimated by the ancestry and
kinship toolkit AKT19 using 17,535 reliable and common single-
nucleotide polymorphisms by projecting the samples into the
1000 genomes20 principal components analysis, followed by using
the known five super populations (European (EUR), African (AFR),
Admixed American (AMR), South Asian (SAS), and East Asian (EAS))
to cluster and assign admixture proportions.
Gestational weight gain recommendations were categorized

into three groups: “lower than recommended range,” “in the
recommended range,” and “higher than recommended” range.
Weight gain during pregnancy was calculated using pre-
pregnancy and admission weight at delivery. The National
Academies, Health, and Medicine Division recommendations for
weight gain were used to determine if mothers met the
recommended weight gain for their pre-pregnancy BMI.21

Adherence to American Academy of Pediatrics (AAP) guideline
for solid food introduction was evaluated whether there was
exclusive breast milk feeding or formula without solid food
introduction until 6 months of age. Weight-for-length (WFL)
percentiles at 12 months were calculated using the World Health
Organization sex-specific growth charts and parentally reported
anthropometrics.22 To be included in the study, the survey had to
be returned within 2 months of when a child turned 12 months. A
corrected age of 12 months was used for children who were born
prematurely. Based on calculated WFL percentiles, children were
classified as obese (≥95th percentile), or normal weight (<95th
percentile). Mean substitution technique was used for fathers’
BMI.23

Statistical analysis
Prevalence of WFL status of <95th and ≥95th percentile groups
was described and compared among Hispanic and not Hispanic
White children using χ2 test. The characteristics of the study cohort
and potential risk factors of obesity were compared by ethnicity
using their mean, standard deviations, and frequencies for
continuous and categorical variables, respectively. Association of
WFL status of <95th and ≥95th percentile to ethnicity was
evaluated, due to high congruence between maternal and
paternal ethnicity stratification by maternal ethnicity was used
to produce two groups including non-Hispanic White and
Hispanic children to control for the confounding effect of ethnicity
on excess weight and to evaluate the exposure–outcome

association within each ethnicity.24 Potential predictive prenatal,
parental, and obesogenic risk factors of excess weight for Hispanic
and non-Hispanic White children were examined separately using
multiple logistic regression models. Forest plots were generated
from pre-computed odds ratio and confidence intervals based on
the logistic regression results. In order to evaluate the congruence
of self-reported maternal ethnicity and children’s ancestry
admixture, genomic-derived ancestry admixture of children was
used to create two clusters by using the k-means clustering
technique.25 Congruence of self-reported maternal ethnicity and
children’s ancestry admixture generated clusters was evaluated
using χ2 test. Distribution of admixture proportion was visualized
for children of Hispanic and non-Hispanic White mothers.
Furthermore, distribution of admixture proportion among normal
and obese children was assessed. All statistical analyses were
performed using R 3.1.2 (R Project for Statistical Computing,
Vienna, Austria) and SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Of the 1009 children included in the study, 302 (30.0%) were
Hispanic and 707 (70.0%) were non-Hispanic White. The rate of
excess weight was 30.1% among Hispanic children as compared
to 13.6% among non-Hispanic White children (p values < 0.0001)
(Fig. 1).
Table 1 compares prenatal, parental, and children’s character-

istics along with obesogenic risk factors among all Hispanic and
non-Hispanic White children. The Hispanic group compared to the
non-Hispanic White Group had a lower maternal age, higher
maternal BMI, lower cesarean section delivery rate, lower maternal
stress, higher household count, differing compliance with Amer-
ican College of Obstetricians and Gynecologist guidelines for
weight gain during pregnancy (more Hispanic population with
lower than recommended weight gain, more in non-Hispanic
White cohort of higher than recommended weight gain), higher
parity, lower education, and lower paternal age (p value < 0.0001).
The Hispanic group also had a higher gestational diabetes rate
(p value= 0.001). Dietary variables including frequency of juice
consumption and French fries consumption were significantly
higher among Hispanic children; however, breast milk frequency
at 6 months was significantly lower among Hispanic children
(p value <0.0001). More non-Hispanic White children had solid
food introduction delayed until after 6 months (p value <0.001).
Hispanic children were also reported to have higher weight gain in
first year of life and to have fewer feeding difficulties (p value=
0.006).
Results from multiple logistic regression models revealed

that factors associated with excess weight for non-Hispanic
White children were higher than recommended weight

All Hispanic

Prevalence of obesity by ethnicity

Non-hispanic
white

81.50%Normal

Obese 18.50%

86.40%

13.60%

69.90%

30.10%

Fig. 1 Prevalence of obesity by ethnicity. Obesity was highest in the
Hispanic population
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gain during pregnancy (OR 1.8 (1.2–3.1)), higher paternal BMI
(OR 1.1 (1.02–1.15)), higher birth weight (OR 1.001
(1.001–1.002)), and lower breast milk feedings at 6 months
(OR 0.98 (0.96–0.98)) (Fig. 2a). On the other hand, factors
associated with excess weight for Hispanic children were lower
maternal education (OR 2.37 (1.1–4.5.)), and similar to non-
Hispanic White children, increased breast milk feedings at
6 months was a protective factor against being obese (OR 0.98
(0.96–0.99)) (Fig. 2b).
The association between maternal self-reported ethnicity and

the genetic admixture of the child was examined. The Hispanic
population is a mixture of mainly EUR and AMR, with some
portion of AFR descent. Non-Hispanic Whites are mostly of EUR

decent, although 11 individuals (~3%) had more than 10% AMR
proportions (Fig. 3).
In order to examine the congruence between self-reported

maternal ethnicity and children’s genetic ancestry clusters were
generated. Two clusters were generated from genomic-derived
ancestry admixture proportion from whole-genome sequencing of
the 543 children with this information available. Cluster 1 means
were EUR (0.327), AMR (0.551), AFR (0.075), EAS (0.028), and SAS
(0.016) and cluster 2 means were EUR (0.901), AMR (0.024), AFR
(0.021), EAS (0.013), and SAS (0.039). Cluster 1 included 82.5% of
children of Hispanic mothers and cluster 2 included 99.7% of
children of non-Hispanic White mothers.

Table 1. Prenatal, parental, and children’s characteristics along with obesogenic risk factors among all Hispanic and non-Hispanic White children

Characteristics and obesogenic risk factors Non-Hispanic White (N=707),
mean (SD) or %

Hispanic (N=302),
mean (SD) or %

p Value

Maternal age (years) 32.8 (3.9) 30.2 (5.3) <0.0001

Maternal body mass index (kg/m2) 24.7 (5.5) 26.7 (5.5) <0.0001

Delivery mode

Cesarean section: repeat 25.7 20.2 <0.0001

Cesarean section: primary 25.5 11.3

Vaginal 48.8 68.5

Preeclampsia/PIH/HELLP 9.3 6.6 0.1

Gestational diabetes 5.4 10.9 0.001

ACOG guideline for weight gain during pregnancy

Lower than recommended range 11.0 23.7 <0.0001

In the recommended range 35.9 30.1

Higher than recommended range (pre-term birth excluded) 53.1 46.2

Parity

1 43.9 25.5 <0.0001

2 40.6 39.1

3+ 15.5 35.4

Maternal education

Less than associate degree 3.8 66.2 <0.0001

Associate degree or higher 92.1 22.8

Missing 4.1 11.0

Perceived stress scale 12.0 (5.7) 9.1 (5.8) <0.0001

Household count 4 (1) 5 (2) <0.0001

Paternal age (years) 35.0 (5.1) 32.7 (6.0) <0.0001

Paternal body mass index (kg/m2) 27.4 (4.2) 27.9 (4.0) 0.08

Birth weight (g) 3350.2 (582.1) 3323.2 (497.7) 0.4533

Weight 21.3 (2.8) 22.3 (2.9) <0.0001

Height 29.8 (1.6) 29.7 (1.7) 0.6

Weight gain in first year of life 6322 (1189) 6763 (1398) <0.0001

Gender (male) 52.2 47.7 0.18

Twin gestation (yes) 6.4 3.3 0.07

Prematurity (<37 weeks gestation) 11.5 7.6 0.06

AAP guidelines for exclusive breast milk or formula until
6 months (met)

8.2 2.2 0.0006

Breast milk feeds (frequency/week at 6M) 27.4 (22.1) 18.3 (23.1) <0.0001

Juice consumption (frequency/week at 12M) 0.4 (1.1) 1.7 (2.0) <0.0001

French fries (frequency/week at 12M) 0.6 (0.9) 0.3 (0.6) <0.0001

Feeding difficulties (yes) 9.9 4.7 0.006

TV and video time (never) 17.8 15.2 0.3

ACOG American College of Obstetricians and Gynecologist, AAP American Academy of Pediatrics, HELLP hemolysis, elevated liver enzyme levels, and low
platelet count, PIH pregnancy induced hypertension
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DISCUSSION
Obesity and excess weight is disproportionately higher in the
Hispanic population, even in very early childhood. Different
clinical and social factors are associated with excess weight at
12 months of age in Hispanic and non-Hispanic children.
The rate of excess weight in the Hispanic population was

strikingly higher in this cohort, even at the very young age of
12 months, as previously reported in older children.2 Although
obesogenic risk factors for this group of children as a whole were
identified, as previously described,16 when stratified by ethnicity,
differential risk factors for each cohort were found.
Surprisingly, within the Hispanic cohort there was no statistically

significant association with higher than recommended weight
gain during pregnancy as seen in the non-Hispanic cohort. Studies
have shown that an excessive amount of weight gain during
pregnancy is associated with an increased risk for obesity in
childhood and adolescence.26 It has previously been noted that
Hispanic women and non-Hispanic black women generally begin
their pregnancy with a higher likelihood of being overweight or
obese and have lower weight gain during pregnancy compared
with non-Hispanic White women who were most likely to gain

weight during pregnancy above the current recommendations.27

This was also seen in our study. This raises the question of whether
there should be different recommendations for weight gain in
pregnancy based on ethnicity, as more focus is brought towards
the known prevalence of obesity across different ethnic groups.28

It could also be postulated that intrauterine fetal overnutrition has
different hormonal, microbiome, immune modeling, and epige-
netic influences in different ethnicities.29,30 It is also interesting
that higher paternal BMI is associated with excess weight in non-
Hispanic White children, but not in Hispanic children. To our
knowledge, this has not been reported before and the biological
reason for this is unclear and warrants further exploration. It is
known that there is stronger influence of maternal obesity than
paternal obesity on infant body mass31 and that the Mother’s
genetic contribution to early childhood body mass may be higher
than the Father’s;32 it could be hypothesized that the paternal
genetic contribution may also vary with ethnicity.
While higher birth weight is a recognized risk factor for very

early childhood obesity,16 in our study it was only associated with
obesity in the non-Hispanic White population, not the Hispanic
population. It is possible that postnatal obesogenic exposures may
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Fig. 2 a Forest plot showing factors associated with obesity for non-Hispanic White children. b Forest plot showing factors associated with
obesity for Hispanic children
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play a larger role in the Hispanic population. Indeed, rapid infant
weight gain has been reported as a risk factor for later childhood
obesity in this Hispanic population.33

Often, presumptions are made on the part of health-care
providers that early introduction by Hispanic mothers of sugary
beverages is done to promote the development of infant taste
and results in subsequent weight gain.34 While juice consumption
was significantly higher in the Hispanic cohort, it was not
associated with obesity after stratification in either cohort at this
young age, possibly due to small overall amounts being
consumed at this age. However, early juice introduction offers
no health benefits, and current recommendations to limit juice
consumption in early childhood in all populations should be
reinforced.35

Lower maternal education was associated with obesity in the
Hispanic cohort only; however, this data point is difficult to draw
conclusions from as 66.2% of the mothers of the Hispanic cohort
had an education less than an Associate’s degree compared to
3.2% of non-Hispanic White women in our study. Of note, previous
studies have reported higher maternal education attainment as a
potentially protective factor against childhood obesity.36

Receiving more breastmilk at 6 months of age was protective
against obesity at 12 months of age in both cohorts. However,
there was a significantly lower amount of breastmilk given in the
Hispanic cohort compared with the non-Hispanic White cohort.
Studies have shown that Hispanic mothers are more likely to
practice non-exclusive breastfeeding and perceive chubbier
infants as healthy infants.8,37–39 This is just one example of how
different cultural norms drive feeding practices in Hispanic
children, and how they may not benefit from breast milk’s
protective effect against obesity.
To our knowledge, this is the first study to evaluate the genetic

admixture of the study subjects at 12 months. While the Hispanic
population was mainly a mixture of EUR and AMR, with a small
portion of AFR descent, the non-Hispanic Whites were mostly of
EUR descent. It is well known that the obesity rate amongst the
Hispanic population is higher—this was re-demonstrated in our
study—however, this highlights an underlying genetic predisposi-
tion towards being obese in addition to social and cultural factors.
Strengths of our study included having prospectively collected

data on a wide variety of risk factors extending from parental to
prenatal to early childhood, and the availability of genetic
admixture data. However, this study also has several potential

limitations. All 12-month height and weight data were based on
parental self-report. However, this has been validated in this study
cohort.17 Furthermore, self-reported maternal ethnicity, which is
widely used in childhood obesity studies,16,40,41 was also used in
our study rather than the child’s ethnicity. In an attempt to
reconcile this difference, genetic admixture from the child was
used and there was a high correlation between this and maternal
self-reported ethnicity. Unfortunately, genomic data was not
available for all of the children in the study.

CONCLUSION/FUTURE DIRECTION
Our study shows that there are differential risk factors associated
with excess weight at 12 months between Hispanic and non-
Hispanic White children. Identification of differential risk factors
in different ethnicities may allow for more targeted and
personalized anticipatory guidance to try and reduce obesity in
at-risk populations. Whether these differential risk factors for
obesity remain later in life will be followed in this longitudinal
study.
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