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Context: Mounting evidence suggests that the origins of childhood obesity and related disparities
can be found as early as the “first 1,000 days”—the period from conception to age 2 years. The main
goal of this study is to systematically review existing evidence for modifiable childhood obesity risk
factors present from conception to age 2 years.

Evidence acquisition: PubMed, Embase, and Web of Science were searched for studies published
between January 1, 1980, and December 12, 2014, of childhood obesity risk factors present during
the first 1,000 days. Prospective, original human subject, English-language research with exposure
occurrence during the first 1,000 days and with the outcome of childhood overweight or obesity
(BMI > 85th percentile for age and sex) collected between age 6 months and 18 years were analyzed
between December 13, 2014, and March 15, 2015.

Evidence synthesis: Of 5,952 identified citations, 282 studies met inclusion criteria. Several risk
factors during the first 1,000 days were consistently associated with later childhood obesity. These
included higher maternal pre-pregnancy BMI, prenatal tobacco exposure, maternal excess gesta-
tional weight gain, high infant birth weight, and accelerated infant weight gain. Fewer studies also
supported gestational diabetes, child care attendance, low strength of maternal-infant relationship,
low SES, curtailed infant sleep, inappropriate bottle use, introduction of solid food intake before age
4 months, and infant antibiotic exposure as risk factors for childhood obesity.

Conclusions: Modifiable risk factors in the first 1,000 days can inform future research and policy
priorities and intervention efforts to prevent childhood obesity.
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Context

igh obesity prevalence persists in all age groups
H in the U.S., and one third of U.S. children
aged 2-19 years are affected by overweight or
obesity (sex-specific BMI >85th percentile for age).'
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Approximately 8.1% of U.S. children younger than age 2
years have weight-for-length >95th percentile, predis-
posing them to obesity. The first 1,000 days describes the
period from conception through age 2 years, which is
increasingly recognized as a critical period for develop-
ment of childhood obesity and its adverse consequences.”

Childhood obesity, and its disparate impact on under-
served populations, originates in early life.”* Among
children aged 2-5 years, Hispanic children have almost
fivefold and non-Hispanic black children have threefold
higher obesity prevalence compared with their non-
Hispanic white counterparts.”””” During the first years
of life, racial/ethnic differences in modifiable risk factors
for childhood obesity contribute substantially to racial/
ethnic disparities in later childhood obesity.” "

Despite mounting evidence that the first 1,000 days are
important in the prevention of childhood obesity and in
the reduction in obesity disparities, no systematic review
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has focused on risk factors from conception through age 2
years. Identifying current evidence for childhood obesity
risk factors during the first 1,000 days will advance
understanding of the origins of obesity and inform future
research priorities and efforts to prevent childhood obesity.

The goal of this study is to systematically review existing
evidence for modifiable childhood obesity risk factors that
are present from conception to age 2 years. This review
focuses on prospective studies and uses a conceptual
framework that incorporates individual, family, commun-
ity, and systems levels to highlight future research needs.

Evidence Acquisition

Conceptual Framework

The Glass and McAtee'* model of multi-level influences on
behavior and health informed the overarching conceptual frame-
work (Figure 1). The model outlines macro (environmental);
mezzo (community); and micro (parent/family/caregiver) levels
of “above water” influences, and individual-level health behaviors
at the “waterline.” This study focuses on potentially modifiable risk
factors for childhood obesity during two life-course stages:

1. from conception to delivery; and
2. from birth to age 2 years.

“Under water” metabolic and genetic risk factors are briefly
summarized.
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Search Strategy and Data Extraction

Methods followed the IOM and Patient-Centered Outcomes
Research Institute standards.'™'® Studies published between Jan-
uary 1, 1980, and December 12, 2014, were included. PubMed,
Embase, and Web of Science were searched, and references of
systematic reviews published in the past 3 years were reviewed. In
PubMed, the Medical Subject Headings pregnancy and infancy
were separately included with the combined terms of pediatric
overweight, childhood overweight, child overweight, children over-
weight, infancy overweight, pediatric obesity, childhood obesity,
child obesity, children obesity, infancy obesity, pediatric obese,
childhood obese, child obese, children obese, and infancy obese.
Prospective, English-language studies were included if they had

. human subjects;

. original quantitative evidence;

. exposure occurrence during the first 1,000 days; and

. a main outcome measure of childhood overweight or obesity
collected between age 6 months and 18 years, herein described
as “overweight.”'” "

[ O

For age 2-18 years, studies reporting child BMI >85th
percentile for age and sex on 2000 CDC growth charts,'
BMI corresponding to adult BMI >25 per International Obesity
Task Force guidelines,'® or country-specific standards were
included. For age 6 months and age 2 years, studies reporting
child weight-for-length or BMI >97.7th percentile on WHO
charts and weight-for-length >95th percentile on CDC growth
charts were included."” Because this review focuses on risk factors
for child overweight, studies that only reported continuous

Environment: Exposure to environmental toxins in utero, including maternal tobacco exposure,
substance use, medication use (hormones, antidepressants, antibiotics, probiotics)

Community: Child care attendance; Health care

Maternal feeding style; Parent weight

Parent/Family/Caregiver: Maternal prenatal factors: weight and weight gain during
pregnancy, nutrition, physical activity, stress, age, parity; Paternal Factors; Household food
insecurity; Maternal depression; Socio-economic status; Maternal-infant relationship quality;
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Above water

Conception/early life

Fetal growth; Birth weight;
Infant weight gain

Underwater

Infant Behaviors: Breastfeeding;
Bottle Use; Solid food introduction;
Beverage intake; Nutrient intake;
Sleep; Screen use; Physical activity

Later-life

Body weight
change

y

Metabolism & Physiology: Maternal gestational diabetes, hypertension, and pre-
eclampsia; Delivery method; Gestational age; Adipokines; Metabolites

] Time Axis

Epigenetics: DNA methylation

Genetics (Human & Microbiotic): Genotype; Dysbiosis

Figure 1. Conceptual framework for systematic review of childhood obesity risk factors from conception through age 2 years.

Adapted from Glass and McAtee.**
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