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Abstract

Association between Infant Breastfeeding and Childhood Body Mass Index
By Kimberly M. Vellano

Objective: In light of the growing prevalence of obesity in the United States, it is critical
to identify effective interventions for obesity prevention. Evidence from observational
studies suggests that breastfeeding may protect against obesity in later life. The aim of
this study was to examine whether breastfeeding is associated with a decreased risk of
overweight and obesity in a racially and economically diverse population of preschool
aged children.

Methods: Data on infant feeding and child body mass index status were obtained from
the Fetal Growth and Development Study. Participants included a cohort of infants born
in two hospitals in Atlanta, Georgia from 1993-1994. After delivery, mothers were
interviewed for demographic information, as well as behavioral, reproductive, and
medical factors of interest. A sub-sample of the cohort was selected for the Follow-Up
Development and Growth Experiences Study at preschool age. These subjects received a
follow-up questionnaire and anthropometric measurements were obtained for
calculation of BMI. Logistic regression analysis was conducted to compare the risks of
childhood overweight (BMI between the 85 and 94t percentile) and childhood obesity
(BMI in the 95t percentile or higher) among breastfed and non-breastfed children.
Results: During infancy, 50% of subjects were never breastfed, 28% were breastfed for
less than 6 months, and 22% were breastfed for at least 6 months. At preschool age, 10%
of the children were overweight and 7.6% were obese. After adjusting for potential
confounders, breastfeeding for at least 6 months was associated with a significant
reduction in the risk of childhood obesity (AOR, 0.32; 95% CI 0.09-0.99), compared
with those never breastfed or breastfed for less than 6 months. There was no association
between breastfeeding duration and childhood overweight.

Conclusion: The results highlight the importance and possible protective effect of early
nutrition in the development of childhood obesity. Increasing the initiation and duration
of breastfeeding may provide an effective strategy to reduce childhood obesity in the
United States and elsewhere.
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INTRODUCTION
In recent years, researchers have suggested a potential protective effect of
breastfeeding against subsequent childhood overweight and obesity. Although the
literature remains mixed, this association deserves continued attention, as obesity rates
continue to rise in the United States. The purpose of this study is to evaluate existing
literature on the topic, and contribute further epidemiological analysis of the association
among a diverse population of children.

The Obesity Epidemic in the United States

Obesity is a serious health concern for children and adolescents.! Childhood
weight status can be practically measured using body mass index (BM1).23 For children
and adolescents (ages 2-19 years), the BMI value is plotted on the Centers for Disease
Control (CDC) growth charts to determine the corresponding BMI-for-age percentile.2
Overweight is defined by the CDC as a BMI at or above the 85t percentile and lower than
the 95t percentile, adjusted for age and sex, while obesity is defined as a BMI at or above
the 95t percentile.# The 2007 National Health and Nutrition Examination Survey
(NHANES) estimates that 17% of children and adolescents ages 2-19 are obese.>
National trends indicate that the prevalence of obesity is rising, as there is a relatively
greater increase in the upper BMI percentiles compared with the lower. Between 1976
and 2007, obesity increased from 5% to 10.4% among children ages 2-5, from 6.5% to
19.6% among 6-11 year olds, and from 5% to 18.1% among adolescents ages 12-19.5

Childhood overweight and obesity can result from the influences and interactions
of a number of factors, including genetic, behavioral, and environmental causes.! Known
risk factors for childhood obesity include genetic predisposition and excessive energy
intake.! Factors that lead to this energy imbalance include unhealthy dietary habits,

sedentary behavior, and low physical activity levels.!



Obese children are at risk for health problems during their youth and as adults.
Health consequences of overweight and obesity include, but are not limited to: coronary
heart disease, type 2 diabetes, hypertension, high cholesterol, stroke, cancer, depression,
liver disease, sleep apnea, infertility, and osteoarthritis.* These associated health
problems have a significant economic impact on the U.S. healthcare system. Direct
medical costs include preventive, diagnostic, and treatment services related to obesity,
while indirect costs relate to morbidity and mortality.# In 1998, medical costs of obesity
were estimated to be as high as $78.5 billion per year, with roughly half financed by
Medicare and Medicaid.® By 2006, costs had nearly doubled to $147 billion per year.”
Across all payers, obese people had annual medical spending that was $1,429 greater
than spending for normal-weight individuals.” Because of the steep health and economic
costs of obesity, behaviors that protect against childhood overweight and obesity could
have a significant public health impact.

Breastfeeding Practices in the United States

The American College of Obstetricians and Gynecologists recommends six
months of exclusive breastfeeding for all infants, defined as feeding of breast milk only,
without complementary nutrition.8 The American Academy of Pediatrics and the
American Academy of Family Physicians similarly recommend exclusive breastfeeding
for the first six months of life, continuing at least through the infant’s first birthday® 1°,
while the World Health Organization (WHO) recommends at least two years of
breastfeeding for all infants.!! In the United States, breastfeeding durations fall far short
of these guidelines.'?

In 2007, Healthy People 2010 (HP2010) objectives for breastfeeding initiation
and duration were updated to include two new objectives on exclusive breastfeeding: to
increase the proportion of mothers who exclusively breastfeed their infants through age

3 months to 60% and through age 6 months to 25%.2 To monitor the progress toward



reaching these objectives, CDC analyzed data from the National Immunization Survey
(NIS). Among infants born in 2000, breastfeeding rates for the early postpartum period,
6 months, and 12 months were 70.9%, 34.2%, and 15.7%, respectively.’2 For infants born
in 2004, these rates had consistently increased to 73.8%, 41.5%, and 20.9%,
respectively.’2 The revised 2004 questions also enabled researchers to inquire about
exclusive breastfeeding rates. Rates for exclusive breastfeeding through ages 3 months
and 6 months among infants born in 2004 were 30.5% and 11.3%, respectively.’? While
rates of breastfeeding increased over this four-year period, rates of exclusive
breastfeeding are still well below the targets set forth by HP2010. The authors also
examined maternal factors related to exclusive breastfeeding and found that rates were
significantly lower among black infants (compared with white infants) and infants born
to unmarried mothers (compared with married mothers).12 Additionally, older age,
urban residence, higher education, and higher incomes of mothers were all positively
associated with exclusive breastfeeding.!?

Shealy et al. also examined the characteristics of breastfeeding practices among
U.S. mothers by analyzing the 2005-2007 Infant Feeding Practices Study.’3 Participants
received monthly questionnaires during their infants’ first year of life. For the first 3
months, exclusive breastfeeding was the most prevalent type of breastfeeding.13 After 3
months, exclusive breastfeeding declined greatly; slightly more than one third of the
breastfeeding mothers supplemented with infant formula from 3 to 7 months.13 In
addition, the median frequency of breast milk feedings per day and the average reported
length of individual breastfeeding sessions declined gradually throughout the year.'3

In addition to providing essential nutrients to infants, benefits of breastfeeding
for both children and their mothers have been reported. Health outcomes differ
substantially for mothers and infants who formula feed compared with those who

breastfeed.'* Mothers who don’t breastfeed have an increased incidence of



premenopausal breast cancer, ovarian cancer, retained gestational weight gain, type 2
diabetes, postpartum depression, myocardial infarction, and metabolic syndrome.# 15
Infants who aren’t breastfed have an increased risk of infectious morbidity (including
acute ottis media, nonspecific gastroenteritis, severe lower respiratory tract infections,
atopic dermatitis, and asthma), as well as elevated risks of type 1 and type 2 diabetes,
leukemia, sudden infant death syndrome (SIDS), and childhood obesity.14 15

The suboptimal breastfeeding rates in the U.S. result in significant excess
healthcare costs and preventable infant deaths. Bartick and Reinhold computed current
costs and compared them with projected costs if an increasing proportion of U.S.
families complied with the recommendation to exclusively breastfeed for 6 months.16
The cost analysis included all pediatric diseases for which the Agency for Healthcare
Research and Quality reported risk ratios that favored breastfeeding. If the HP2010
goals regarding exclusive breastfeeding were met, savings were estimated to be $2.2
billion/year, with 142 deaths prevented. Increasing exclusive breastfeeding rates to 80%
and 90% among U.S. families was estimated to increase savings to $10.5 and $13
billion/year and prevent 741 and 911 deaths annually, respectively.

The Association between Breastfeeding and Childhood Obesity

The protective effect of breastfeeding against childhood obesity was initially
proposed by Kramer in 1981.17 In the last three decades, dozens of papers have examined
this relationship, with conflicting results. A large proportion of the literature has
reported a significant protective effect of breastfeeding against childhood overweight and
obesity!8-29, while several studies have reported a modest, non-significant protective
effect.30-41 In contrast, a few studies have concluded that breastfeeding actually increases
the risk of childhood overweight and obesity*2-47; however, only one of these studies#?
presented a significant adjusted odds ratio. Finally, several studies have reached mixed

conclusions, depending on the definition of the dependent variable (overweight,



overweight and obese, or obese).*8-50 As a majority of the research regarding
breastfeeding and childhood overweight and obesity is observational, several
methodological issues affect the internal validity of individual studies and the
heterogeneity among studies.

Factors affecting the internal validity of individual studies:

Potential sources of bias in observational cohort studies include selection bias,
misclassification, and inadequate control for confounding. Selection bias relates to the
need for follow-up of individuals for a period of time after breastfeeding exposure in
order to assess the occurrence of the outcome of interest, childhood overweight or
obesity. Breastfeeding status and other baseline characteristics should be examined to
determine whether there are systematic differences between those who complete the
study and those lost to follow-up, in order to assess the possibility of selection bias.

Misclassification of breastfeeding status or duration is a potential source of bias,
particularly in retrospective studies. Huttly et al. compared actual breastfeeding
duration with that reported retrospectively by mothers.5! They observed a systematic
bias towards reporting longer durations of breastfeeding among wealthier and more
educated mothers, while those from low socioeconomic status families did not tend to err
more in one direction than another.5? While misclassification of breastfeeding status is
less likely, it remains a possibility, particularly in studies with long recall periods.
Appropriate characterization of feeding exposures may also be hindered by inability to
define and quantify mixed feeding. The timing, amount, and quality of complementary
foods may vary substantially between breast- and formula-fed infants in the same study
and within studies.>?

Inaccurate measurement of confounders, as well as incorrect specification of
multivariable models may prevent full adjustment for confounding. Commonly

considered confounders in studies of the relationship between breastfeeding and



overweight or obesity include birthweight, parental BMI, parental smoking, dietary
factors, physical activity, socioeconomic status (SES), age, sex, birth order, and number
of siblings.53 A number of studies fail to control for these factors appropriately, leading
to residual confounding.

Factors affecting heterogeneity among studies

As studies have addressed the relationship between breastfeeding and childhood
overweight or obesity for decades, the parameters used in individual studies vary widely.
This heterogeneity among studies may undermine the conclusions being drawn.

Studies on the effect of breastfeeding have included subjects born during several
decades in the last century. During this period, the diets of non-breastfed infants have
changed markedly. In the first decades of the 20t century, most non-breastfed infants
received formula based on whole cow’s milk or top milk, with a high sodium
concentration and levels of cholesterol and fatty acids that are similar to those in mature
breast milk.>* By the 1950s, commercially prepared formulas became increasingly
popular. At this time, formulas tended to have a high sodium concentration and low
levels of iron and essential fatty acids.>* Since 1980, the composition of infant formulas
has evolved to more closely emulate the nutrient composition of breast milk.>* This
variation in formula content may affect the long-term effects of breastfeeding, depending
on the study cohorts’ birth year.

Studies also vary in the length of recall of breastfeeding and the source of
information on breastfeeding duration. Misclassification of breastfeeding duration
increases with the time elapsed since weaning.> While the vast majority of studies
assessed infant feeding by maternal recall, others relied on information from health
workers or medical records; studies that rely on recall may be more prone to bias.

Studies also vary in their categorization of breastfeeding duration and definition

of breastfeeding. Most studies compared ever-breastfed subjects to those that were



never-breastfed. However, other studies compared subjects who were breastfed for less
than a given number of months to those breastfed for longer periods. Few studies
treated breastfeeding duration as a continuous or ordinal variable with several
categories, which would allow for dose-response analysis. Furthermore, studies differ in
their definitions of breastfeeding, with some limiting the analysis to exclusive
breastfeeding, while others examined predominant or partial breastfeeding patterns. In
addition, most studies did not differentiate between breastfeeding and feeding of
expressed breast milk.

Finally, studies differ in whether they use mean BMI or prevalence of
overweight/obesity as a dependent variable. Grummer-Strawn suggested that
breastfeeding is protective against underweight as well as overweight??; therefore, one
would not expect to see an effect on the mean BMI but only on the extremes. This may
explain the observation that the protective effect of breastfeeding has been reported for
binary outcomes (obese vs. not obese), but not for mean BMI.5 It is possible that
breastfeeding reduces the extremes at both ends, resulting in a reduced prevalence of
overweight/obesity, but no difference in mean BMI.56
Meta-Analyses

In order to address the mixed results and frequently small sample sizes of recent
studies, four meta-analyses were conducted from 2004-2007. The methods and results
of these studies are described below.

In 2004, Arenz et al. were the first to publish a meta-analysis of studies from
1966 to 2003, investigating the relationship between breastfeeding and childhood
obesity.>” In order to be included in the meta-analysis, studies had to adjust for at least
three of the following confounders: birthweight, parental overweight, parental smoking,
dietary factors, physical activity, and socioeconomic status. In addition, odds ratios or

relative risks had to be reported, age at last follow-up had to be between 5 and 18 years,



feeding mode had to be assessed and reported, and obesity as outcome had to be defined
by BMI percentiles =90, 95, or 97. Nine studies comprising more than 69,000 children
were included in the meta-analysis.

The adjusted odds ratio for the nine studies was 0.78 (95% CI, 0.71-0.85) for both
the fixed and random-effects models, suggesting that there was no heterogeneity
between the studies. Sensitivity analysis was performed, and the protective effect of
breastfeeding was found to be independent of the following study characteristics: study
design (cohort or cross-sectional), definition of breastfeeding (never-ever or other
definition), definition of obesity (=95t percentile or =97t percentile), and age group (<6
years or >6 years). In contrast, the protective effect of breastfeeding was more
pronounced in studies with adjustment for less than seven potential confounders
compared with adjustment for seven or more potential confounders (AOR, 0.69 and
0.78, respectively).

In 2005, Owen et al. published a meta-analysis which included 28 studies and
298,000 subjects.® The authors were less stringent in their inclusion criteria than Arenz
et al. and included studies which only presented crude odds ratios, and allowed for a
variety of definitions for BMI percentiles, obesity, and breastfeeding. Meta-regression
analysis was used to investigate differences in the pooled odds ratio according to study
size, age group at outcome measurement, year of birth, response rate, length of recall of
feeding status, and definition of obesity.

In the fixed-effects model including all studies, breastfed subjects were less likely
to be defined as obese than formula-fed subjects (OR, 0.87; 95% CI, 0.85-0.89). Small
studies reported the strongest relationships between breastfeeding and reduced risk of
obesity. An odds ratio of 0.43 (95% ClI, 0.33-0.55) was reported for 11 small studies
(<500 subijects), in comparison with an odds ratio of 0.78 (95% Cl, 0.69-0.89) in 7

studies of intermediate size (500-2500 subjects), and an odds ratio of 0.88 (95% ClI,



0.86-0.90) in 10 large studies (>2500 subjects). The authors were also able to examine
the effect of adjustment for three confounders (SES, parental BMI, and maternal
smoking) in six studies. The pooled odds ratio in these studies was reduced from 0.86
(95% ClI, 0.81-0.91) before adjustment to 0.93 (95% ClI, 0.88-0.99) after adjustment,
underscoring the importance of adjusting for potential confounders in observational
studies.

Unlike the previous two analyses, the 2005 meta-analysis by Harder et al.
attempted to assess the effect of duration of breastfeeding on the risk of overweight, in
search of a possible dose-response mechanism.>® To be eligible, studies had to fulfill the
following three criteria: be an original report comparing breastfed subjects with
exclusively formula-fed subjects (referent group) at any given age, report the odds ratio
and 95% confidence interval of overweight or obesity associated with breastfeeding, and
report the duration of breastfeeding for at least one exposure group. Any definition of
overweight or obesity was allowed, and some effect estimates were not adjusted for
potential confounders. Seventeen studies, with a total of 120,831 subjects, were selected
for inclusion in the meta-analysis. From these studies, 14 gave data for more than one
category of breastfeeding duration, leading to the inclusion of 52 estimates in the meta-
regression analysis.

From one month of breastfeeding onward, the risk of subsequent overweight
continuously decreased up to a reduction of more than 30%, reaching a plateau at 9
months of breastfeeding. Categorical analysis confirmed this dose-response relationship
(<1 month of breastfeeding: OR, 1.0; 95% CI, 0.65-1.55; 1-3 months: OR, 0.81; 95% ClI,
0.74-0.88; 4-6 months: OR, 0.76; 95% CI, 0.67-0.86; 7-9 months: OR, 0.67; 95% Cl,
0.55-0.82; >9 months: OR, 0.68; 95% Cl, 0.50-0.91). Trend analysis found that each
month of breastfeeding was associated with a 4% decrease in risk of overweight (OR,

0.96/month of breastfeeding; 95% CI, 0.94-0.98).
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In 2007, the WHO conducted a meta-analysis including recently published
studies, all of the papers included in the previously published meta-analyses, and those
identified by two independent literature searches at the WHO and the University of
Pelotas.>* The authors included 33 studies with 39 estimates on the effect of
breastfeeding on prevalence of overweight/obesity. In a random-effects model including
all studies, breastfed individuals were less likely to be overweight/obese (OR, 0.78; 95%
Cl, 0.72-0.84). There was no marked effect modification by age group, birth year,
control of confounding, categories of breastfeeding duration, study setting, study design,
or length of recall of breastfeeding. In contrast, the effect of breastfeeding varied by
study size, with small studies reporting a more significant association. However,
intermediate and large studies had similar protective effects, which were comparable to
the pooled effect estimate for all studies. Eight studies provided odds ratios for more
than one outcome (i.e. overweight only, overweight plus obesity, obesity only). Six of
these eight studies reported a more marked protective effect against obesity than
overweight or overweight plus obesity.

As the literature remains divided, the purpose of this study was to further
investigate the relationship between breastfeeding and the prevalence of overweight and

obesity among a population of racially and economically diverse preschool children.
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METHODS

Study Design

The present research is derived from the Fetal Growth and Development Study
(FGDS) birth cohort. The study sample includes infants born from February 1, 1993
through December 31, 1994 at two large delivery hospitals in Atlanta, Georgia. The two
hospitals deliver nearly half of the births in Atlanta, and serve distinct populations.
Grady Memorial Hospital, a public hospital in downtown Atlanta, serves a primarily
African American population of low socioeconomic status. In contrast, Northside
Hospital, a private hospital in suburban Atlanta, serves a primarily White, middle-class
population. During the recruitment period, study staff were randomly assigned to one of
the two hospitals each week. To ensure a random, seasonal distribution of births,
hospital assignments were conducted in four-week blocks. The final cohort from each
hospital included deliveries for 50 weeks over the two-year period.

Black or White singleton infants, born 32 to 42 weeks gestation, were eligible for
inclusion in the study. A total of 24,860 eligible births occurred at the two hospitals
during the study period. Each infant was classified as either small-for-gestational-age
(SGA) or appropriate-for-gestational-age (AGA). SGA was defined as birthweight-for-
gestational-age below the 10t percentile. Birthweight-for-gestational-age was related to
the analytical questions posed by the FGDS, for which the sample was originally
recruited. Therefore, 100% of SGA infants (n=830) and a 3% simple random sample of
AGA infants (n=425) were included in the study.

Data Collection

Each mother was interviewed in the hospital within 48 hours of delivery. Study
guestions related to demographics, as well as behavioral, reproductive, and medical
factors of interest. Written, informed consent was obtained from the mothers. In cases

where the mother was younger than 18 years of age, the maternal grandmother also



12

provided informed consent for her daughter to participate. Participation rates were 88%
for Grady and 69% for Northside. Reasons for non-participation included refusal
(n=153), maternal medical reasons (n=22), maternal discharge prior to consent (n=78),
and inability to communicate with the mother due to a language barrier or a mental or
hearing disability (n=16). Due to the disparity in participation rates, the potential for
selection bias was evaluated by comparing the study sample to all singleton infant
deliveries during the recruitment period. No statistically significant differences were
found among the two populations with respect to sex, gestational age, maternal
education, or maternal smoking.

A sub-sample of the study population was selected for the Follow-Up
Development and Growth Experiences (FUDGE) Study at preschool age. A principal
interest of the study investigators was the potential effect of maternal alcohol
consumption during pregnancy on fetal growth and subsequent childhood development.
Therefore, the sub-sample included: 1) all of the randomly-sampled AGA children whose
mothers had been interviewed in the neonatal period (n=252), 2) all of the SGA children
whose mothers reported any alcohol use during pregnancy (n=266), and 3) a 50%
random sample of the remaining SGA children whose mothers reported abstaining from
alcohol during pregnancy (n=188). Of the 706 children selected for the study, follow-up
was completed on 511 (72%). Mean age of the sample was 55 months at follow-up. The
mother was re-interviewed regarding breastfeeding duration, infant and preschool
nutrition, and home environment factors. In addition, anthropometric data was
obtained for each child. Height was measured twice using a portable or digital
stadiometer; a third replicate was obtained if the first two measurements differed by
more than 0.5 cm. Weight was measured twice using an electronic scale; a third
replicate was obtained if the first two measurements differed by more than 0.2 kg. For

the analysis, the two anthropometric measurements were averaged; when the two
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observations were outside the predetermined standard, the measurement closest to the
third replicate was used.

Strict protocols for interviews, measurements, and data entry were observed to
ensure the accuracy and quality of the data. Reliability interviews were conducted over
the telephone by a project coordinator on a 10% random sample of subjects. In addition,
all data forms were edited for consistency and completeness immediately after the
hospital interview, and again by the project coordinator. All potential errors were
reviewed with the interviewer and the data was verified by the respondent, if necessary.
A data entry clerk utilized double key data entry, and all records were reviewed by the
project coordinator.

Statistical Analysis

Our exposures of interest were predominance and duration of breastfeeding.
Questions on infant feeding practices related to whether the child was ever breastfed and
the age at which the child completely stopped breastfeeding. Infant feeding was defined
based on the duration (in months) that the children were breastfed. For predominance
of breastfeeding, our primary analysis compared subjects who were ever vs. never
breastfed. For duration of breastfeeding, our primary analysis compared subjects in the
following feeding groups: never breastfed, breastfed for >0 and <6 months, and
breastfed for =6 months.

The outcomes of interest were prevalence of overweight and obesity at follow-up.
Body mass index was calculated from the anthropometric data, and weight status was
defined using BMI-for-age-and-gender percentiles from the revised NCHS/CDC growth
charts.8® Following current guidelines for children and adolescents, a BMI between the
85t and 95t percentile was defined as “overweight” and at or above the 95t percentile as

“obese”.2
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The effect of infant feeding mode on early childhood BMI was examined by
multiple logistic regression. For the outcome of overweight, we compared odds of being
between the 85t and 95t BMI percentile with odds of being less than the 85t percentile.
For obesity, we compared odds of being equal to or greater than the 95t percentile with
odds of being less than the 95t percentile. Possible confounding variables were selected
for model inclusion based on stepwise backward elimination, and included small-for-
gestational age, birthweight, delivery hospital, sex, maternal age, pre-pregnancy
maternal BMI, parity, and maternal smoking and drinking during pregnancy. All

analyses were conducted using SAS statistical software (version 9.1).
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RESULTS

Characteristics of the Sample

Sample sizes and characteristics of the study population are given in Table 1. A
total of 10% of the children were overweight and 7.6% were obese at follow-up. The
sample characteristics differ greatly by hospital of delivery. The total sample was evenly
divided by sex (48.3% male, 51.7% female) and race (47.3% White, 52.7% African-
American). However, Grady deliveries were nearly exclusively African-American
(96.3%) and Northside deliveries were mostly White (86.2%). In terms of feeding mode,
50% of infants were never breastfed, 28% were breastfed for less than 6 months, and
22% were breastfed for at least 6 months. Breastfeeding prevalence differed greatly by
hospital, as Northside infants were three times more likely to have ever been breastfed
than Grady infants (74.6% and 22.6%, respectively). In addition, Northside mothers
were three times more likely to breastfeed for at least 6 months, per recommended
pediatric guidelines. Maternal characteristics also varied greatly by hospital, with Grady
mothers having significantly higher prevalence of overweight/obesity, single marital
status, lower education level, young age at child’s birth, and smoking during pregnancy.

There were differences in breastfeeding prevalence by key demographic,
maternal, and perinatal characteristics (Table 2). Married mothers were significantly
more likely to have ever breastfed (74.2%) compared with single mothers (22.8%).
Breastfeeding prevalence was also positively associated with higher maternal education,
older maternal age at child’s birth, non-smoking status during pregnancy, and
nulliparity. Finally, birthweight-for-gestational-age was associated with breastfeeding
prevalence, with SGA infants less likely to have ever been breastfed.

One of the strongest predictors of child BMI status was mother’s concurrent BMI
(Table 3). Children were at moderately increased risk of overweight/obesity with an

overweight mother, but at a much higher increased risk of overweight/obesity with an
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obese mother. Furthermore, the prevalence of childhood overweight was 2-fold greater
with maternal obesity compared with normal maternal BMI, and the prevalence of
childhood obesity was nearly 4-fold greater with maternal obesity.

Feeding Mode and Early Growth

Table 4a shows mean childhood BMI and proportions of subjects who were
overweight and obese, by duration of breastfeeding. Ever vs. never breastfeeding was
associated with a decrease in the prevalence of obesity, but not overweight. This trend
was replicated when comparing children breastfed for >0 and <6 months to those
breastfed for =6 months. Interestingly, when the sample was stratified by sex, boys who
were ever breastfed had lower mean BMI and lower risk of obesity, but the trend was not
replicated for girls (Table 4b). The prevalence of overweight and obesity by duration of
breastfeeding in the three populations (total, boys only, and girls only) is shown in
Figure 1.

Multiple logistic regression was used to compare the odds of overweight and
obesity in three models: 1) never vs. ever breastfed children, 2) never breastfed vs.
children breastfed for >0 and <6 months vs. children breastfed for =6 months, and 3)
children breastfed for less than 6 months (including never) vs. children breastfed for at
least 6 months (Table 5). There was no significant reduction in being overweight among
ever breastfed children either in unadjusted (OR, 1.09; 95% ClI, 0.60-1.97) or adjusted
analyses (AOR, 0.72; 95% CI, 0.35-1.50). Similarly, being ever breastfed did not
significantly decrease the odds of obesity in unadjusted (OR, 0.61; 95% ClI, 0.30-1.21) or
adjusted (AOR, 0.76; 95% CI, 0.32-1.82) models.

Breastfeeding for >0 and <6 months did not significantly decrease the odds of
overweight (AOR, 0.62; 95% ClI, 0.25-1.53) or obesity (AOR, 1.26; 95% CI, 0.47-3.36)
compared with never breastfed children. Likewise, breastfeeding for =6 months did not

significantly reduce the odds of overweight (AOR, 0.83; 95% CI, 0.35-1.98). The odds of
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obesity was significantly reduced in this group in the crude analysis (OR, 0.28; 95% ClI,
0.08-0.96); however, when the model was adjusted for relevant confounders, the
reduction in risk was no longer significant (AOR, 0.34; 95% CI, 0.09-1.34).

When breastfeeding was dichotomized by duration, there was a reduction in the
risk of obesity among children breastfed for at least 6 months compared with those
breastfed for less than 6 months, including never (AOR, 0.32; 95% CI, 0.09-0.99), but no
reduction in the risk of childhood overweight (AOR, 0.97; 95% CI, 0.45-2.10).

Although none of the single-order interaction terms were significant
confounders, the models were run with stratification by sex, SGA, and hospital of birth.
Breastfed boys had a much greater reduction in obesity risk than breastfed girls;
however, the reduction in risk did not reach statistical significance (Table 6).
Stratification by SGA and hospital of birth did not yield any significant differences

between the populations (Tables 7 and 8).
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DISCUSSION
Our findings indicate that infants who were breastfed for at least 6 months had a
lower risk of obesity in early childhood. Compared with infants breastfed for less than 6
months (including never), the estimated reduction in risk was approximately 70%. In
contrast, breastfeeding for at least 6 months did not significantly reduce the risk of
childhood overweight.

Strengths and Weaknesses

A strength of the present study is its capacity to account for differences in a
number of potential confounders, including race, maternal BMI, marital status,
educational attainment, age, and smoking during pregnancy. This study also represents
an ethnically and economically diverse group, in contrast to studies with homogenous
populations. This study also includes information about duration of breastfeeding,
rather than prevalence only, which allowed for the identification of a potential threshold
effect of breastfeeding on childhood BMI. This threshold suggests that the
categorization scheme of breastfeeding duration may be critical in such studies, and may
explain why some studies on breastfeeding and childhood BMI failed to find a significant
association.

A unique feature of our study was the inclusion of a large proportion of small-for-
gestational-age (SGA) infants. We were able to adjust for birthweight and birthweight-
for-gestational-age, as both have been shown to be associated with early childhood
growth.

One factor that strengthens confidence in the validity of our findings is that
stronger associations were evident for obesity than for overweight. In addition, a
substantial association between breastfeeding duration and childhood obesity remained

after adjustment for relevant confounding variables.
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Weaknesses of the study include a limited sample size (n=511), which could
account for the wide confidence intervals and inadequate power to find a significant
association between breastfeeding and childhood overweight. A larger sample would
have also allowed for a more robust examination of the dose-response relationship
between breastfeeding duration and childhood BMI. Additional factors that may have
affected the study power include a low prevalence of childhood overweight and obesity,
given the earlier timeframe and high proportion of SGA infants included in the sample
population. The analysis could also be subject to selection bias due to missing data, as
childhood BMI category and/or breastfeeding duration were unknown for 25 subjects.
This accounts for 4.9% of the study sample.

The data also lacks information on formula supplementation and the timing of
solid food introduction. The subjects were asked only how long they breastfed, but not
whether they supplemented with formula or other foods during this period. Therefore,
we were unable to control for additional feeding modes during the first year of life. In
addition, the breastfed population was not limited to exclusively breastfed infants, and
survey questions did not account for whether infants were fed expressed milk in a bottle.
Recall bias of breastfeeding duration is also a possibility; however, several studies have
addressed the validity of maternal recall of their children’s infant feeding habits and
found the information to be highly reliable.6!-64

Residual confounding is always a concern in an observational study.
Unmeasured potential confounders include attributes of the parents and family
environment, such as child feeding practices, parental control of feeding during
childhood, and physical activity. Parents who choose to breastfeed may have a healthier
lifestyle in general; therefore, it is possible that these families practice better dietary
habits and higher levels of physical activity. These lifestyle differences may explain the

link between breastfeeding and childhood obesity.
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Potential Biological Mechanisms

The notion that early life exposures can have lifetime consequences is well
established in developmental biology and has been described as the “developmental
origins of health and disease.”®> According to this hypothesis, early life exposures such
as nutrition can have a lasting effect on subsequent growth patterns. Possible
explanations for the inverse relationship between breastfeeding and childhood obesity
include differences in macronutrient intake, hormonal responses, and behavioral
mechanisms.

Differences in protein intake and energy metabolism may be one of the biological
mechanisms linking breastfeeding to later obesity. Higher protein intake in early life is
associated with an increase risk of later obesity.6¢ Formula-fed infants consume up to
double the amount of protein than breastfed infants at 3 to 6 months, and by 12 months
their intake may be 5 to 6 times what is needed.>¢ In a double-blind, randomized clinical
trial, the European Childhood Obesity Trial Study Group randomly assigned formula
with differing protein concentrations to healthy infants.6” The follow-up data at age two
indicated that feeding formula with reduced protein content normalizes early growth
relative to a breastfed reference group. Finally, in contrast to the linear intake of milk
during formula feeding, 80% to 90% of breast milk is consumed in the first 4 minutes of
feeding. As the energy dense hind milk is consumed in only small amounts, infants may
absorb less energy per volume of breast milk compared with formula.

Another possible mechanism is that breastfed and formula-fed infants have
different hormonal responses to feeding. Lucas et al. found lower serum concentrations
of insulin, which stimulates adipose tissue and fat storage, in breastfed infants than in
formula-fed infants.68 Another hormone of great importance in the etiology of obesity is

leptin, which reduces appetite and increases energy expenditure.®® It has been suggested
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that breastfeeding may affect metabolism by causing the leptin-dependent feedback loop
to be less sensitive later in life, leading to greater leptin resistance.>¢

Behavioral mechanisms, such as learned self-regulation of energy intake, could
also explain how breastfeeding protects against childhood obesity. One of the
advantages of breastfeeding is that it allows the infant to control the amount of milk
consumed, based on internal satiety cues. In contrast, bottle-feeding promotes more
parental control. Parents often bottle-feed on a regular schedule, rather than in response
to the infant’s signals for frequency and volume of feedings. In addition, bottle-fed
infants may be encouraged to finish the bottle, even when satiated.

Future Directions

Observational studies will likely continue to be the main method utilized for
researching the association between breastfeeding and childhood overweight and
obesity. These studies can be improved by implementing the following: clear subject
selection criteria, a common definition of “exclusive breastfeeding”, reliable collection of
feeding data, specific and quantifiable outcomes of interest, and increased control of
potential confounders. Prospective studies are particularly useful since they decrease the
potential for recall bias and allow for follow-up at multiple, clinically relevant ages, thus
allowing researchers to examine growth trajectories over time.

Almost all of the evidence to date on the association between infant feeding and
childhood weight status relies on BMI, a surrogate measure of adiposity, rather than on a
more direct measure of excess fat mass, such as dual-energy X-ray absorptiometry
(DXA), hydodensitometry weighing, bioelectrical impedance, and skinfold
measurements. However, adiposity rather than weight is thought to explain the major
health comorbidities associated with obesity. Thus, studies that use BMI as an outcome
may be misleading due to the potential misclassification of overweight and obese

children. The use of BMI as a proxy for adiposity may be an explanation for the
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conflicting results in the literature, and future studies should utilize these alternative
techniques to further explore the relationship.

In addition to observational studies, several study designs are suitable for this
research. Sibling difference studies are particularly useful because they implicitly
control for several major predictors of childhood obesity shared by siblings, such as
parental obesity, socioeconomic status, and family eating habits. Clinical trials with
random assignment of mothers to breastfeeding or formula feeding are unethical and
unfeasible; however, community-level or cluster randomized controlled studies allow for
the evaluation of the effectiveness of breastfeeding promotion interventions with long-
term follow-up. In addition, the causal effect of the various components of human milk
could be tested in randomized trials with formulas of different nutrient compositions.

Recommendations for Intervention

The current epidemic of overweight and obesity cannot solely be explained by
breastfeeding trends, as the incidence of breastfeeding has increased in recent years.
However, efforts to increase duration and exclusivity of breastfeeding may help reduce
rates in the future. A number of approaches have been pursued in order to support
mothers who wish to breastfeed, including state and federal legislation, support in the
workplace, public health campaigns, and improvements to the Women, Infants, and
Children (WIC) program.

The breastfeeding-obesity link is now recognized by key government agencies and
professional groups. The White House Task Force on Childhood Obesity, the U.S.
Department of Health and Human Services, and the CDC have recently advocated
increased support for breastfeeding.”®"* In order to overcome cultural, social, and
structural challenges, communities are advised to implement programs in hospitals,
workplaces, and maternity care settings. Examples of potential interventions include:

clear hospital policies that promote and support breastfeeding; community-based peer
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counseling programs aimed at increasing breastfeeding rates among low-income women;
and well-designed workplace programs such as established breastfeeding facilities,
onsite childcare services, and expanded maternity leave.

The percentage of obesity cases preventable by breastfeeding may be small;
however, the rapid spread of the obesity epidemic and its implications for public health
emphasizes the urgency with which potentially effective strategies should be
implemented. Promoting the initiation and increased duration of breastfeeding provides
a low-cost, readily available strategy to help attenuate childhood overweight and obesity

in the United States and elsewhere.
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Table 1. Characteristics of Preschool Age Children by Delivery Hospital, Atlanta, Georgia, 1993-1994

Total Sample* Grady Northside
Child Characteristics n=511 % n=240 % n=261 %
Sex
Male 242 48.3 101 42.1 141 54.0
Female 259 51.7 139 57.9 120 46.0
Missing 10
Race
White 241 47.3 9 3.7 225 86.2
Black 268 52.7 231 96.3 36 13.8
Missing 2
Weight category (BMI)
Underweight/Normal (<85th percentile) 403 82.4 190 82.2 205 82.7
Overweight (85th to <95th percentile) 49 10.0 20 8.7 28 11.3
Obese (=95th percentile) 37 7.6 21 9.1 15 6.0
Missing 22 9 13
Breastfeeding duration, mo
Never 253 49.9 184 77.4 66 254
>0 - <6 142 28.0 27 11.3 111 42.9
=6 112 22.1 27 11.3 82 317
Missing 4 2 2
Birthweight for gestational age
Small (<10th percentile) 295 58.9 160 66.7 135 51.7
Appropriate/Large (>10th percentile) 206 41.1 80 33.3 126 48.3
Missing 10
Maternal Characteristics
Pre-pregnancy weight category (BMlI, kg/mz2)
Underweight (<18.5) 48 9.5 28 11.7 20 7.8
Normal (18.5 - 24.9) 319 62.9 134 56.1 177 68.6
Overweight (25.0 - 29.9) 87 17.2 48 20.1 39 15.1
Obese (230.0) 53 10.4 29 12.1 22 8.5
Missing 4 1 3
Marital Status
Single 238 46.6 214 89.2 23 8.8
Married 273 53.4 26 10.8 238 91.2
Education of mother
<9th grade 41 8.0 39 16.3 2 0.8
10th-11th grade 82 16.1 7 32.1 5 1.9
High school graduate or equivalent 112 21.9 83 34.6 29 11.1
Some college or technical school 111 21.7 37 15.4 68 26.0
Junior college graduate 10 2.0 1 0.4 9 35
College graduate 108 21.1 3 1.2 102 39.1
Any post-graduate work 47 9.2 0 0.0 46 17.6
Mother's age at child's birth, y
<20 75 15.0 70 29.3 5 1.9
20-34 358 71.6 155 64.8 203 77.8
=35 67 13.4 14 5.9 53 20.3
Missing 11 1
Mother's smoking during pregnancy
Yes 137 26.8 89 37.1 47 18.0
No 374 73.2 151 62.9 214 82.0

* 10 missing values for hospital of birth



Table 2. Characteristics of Preschool Age Children by Infant Feeding Mode, Atlanta, Georgia, 1993-1994

Breastfeeding Duration*

Ever Never
(n=255) (n=253) p-value
Characteristics n % n %
Hospital <.0001
Northside 194 74.6 66 254
Grady 54 22.7 184 77.3
Missing 7 3
Mother's pre-pregnancy BMI (kg/mg2) 0.7832
Underweight (<18.5) 20 435 26 56.5
Normal (18.5 - 24.9) 163 51.3 155 48.7
Overweight (25.0 - 29.9) 45 51.7 42 48.3
Obese (=30.0) 26 49.1 27 50.9
Missing 1 3
Marital Status <.0001
Single 54 22.8 183 77.2
Married 201 74.2 70 25.8
Parityt <.0001
0 145 65.6 76 34.4
1 7 49.7 78 50.3
2 19 38.8 30 61.2
3 6 16.7 30 83.3
4+ 8 17.0 39 83.0
Education of mother <.0001
<9th grade 7 17.5 33 825
10th-11th grade 13 16.0 68 84.0
High school graduate or equivalent 34 304 78 69.6
Some college or technical school 62 56.4 48 43.6
Junior college graduate 8 80.0 2 20.0
College graduate 95 88.0 13 12.0
Any post-graduate work 36 76.6 11 23.4
Mother's age at child's birth, y <.0001
<20 21 28.0 54 72.0
20-34 182 51.1 174 48.9
=35 45 68.2 21 31.8
Missing 7 4
Mother's smoking during pregnancy <.0001
Yes 42 311 93 68.9
No 213 57.1 160 42.9
Birthweight for gestational age 0.0059
Small (<10th percentile) 132 45.0 161 55.0
Appropriate/Large (>10th percentile) 116 56.6 89 43.4
Missing 7 3

* 3 missing values for breastfeeding duration
t Parity - number of times mother has given birth

30
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Table 3. Weight Status of Preschool Age Children by Mother's Weight Status*

Child BMI Category

Underweight/Normal Overweight
(<85th Percentile) (85th - <95th Percentile) (295th Percentile)

Mother's BMI Category n % n % n %

Totalt 401 82.7 48 9.9 36 7.4
Underweight (<18.5) 44 95.6 1 2.2 1 2.2
Normal (18.5 - 24.9) 261 85.6 29 9.5 15 4.9
Overweight (25.0 - 29.9) 65 76.5 9 10.6 11 12.9
Obese (=30.0) 31 63.2 9 18.4 9 18.4

+ Sample size (n=485) excludes those with missing data for mother's BMI and/or child's BMI.
* Spearman correlation coefficient=0.29 (p <0.0001)

BMI - body mass index (kg/m?). Child's BMI adjusted for age and sex. Criteria for mother's BMI from Centers for

Disease Control and Prevention guidelines.




Table 4a. Duration of Breastfeeding and Prevalence of Overweight and Obesity Among Preschool Age

Children

Mean BMI, Overweight, Obese,
Duration of breastfeeding n kg/m?2 n (%) n (%)
Never 242 15.6 23 (9.5) 22 (9.1)
Ever 244 15.6 25 (10.3) 14 (5.7)
>0 and <6 months 134 15.8 13 (9.7) 11(8.2)
>6 months 110 15.3 12 (10.9) 3(2.7)

* Sample size (n=486) excludes those with missing data for breastfeeding duration and/or child's BMI

Overweight (BMI 85th- <95th percentile); Obese (BMI =95th percentile)
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Table 4b. Duration of Breastfeeding and Prevalence of Overweight and Obesity Among Preschool Age Children,

Stratified by Sex

Boys (n=232)

Girls (n=244)

Mean Mean
Duration of BMI, Overweight, Obese, BMI, Overweight, Obese,
breastfeeding n kg/m2 n (%) n (%) n kg/m2 n %) n (%)
Never 112 15.8 6 (5.4) 18 (16.1) 127 15.4 17 (13.4) 3(24)
Ever 120 15.5 5(4.2) 8(6.7) 117 15.7 19 (16.2) 6 (5.1)
>0 and <6 months 61 15.8 1(1.6) 7(11.5) 69 15.8 11 (15.9) 4(5.8)
>6 months 59 15.2 4(6.8) 1(1.7) 48 15.5 8(16.7) 2(4.2)

* Sample size (n=476) excludes those with missing data for sex, breastfeeding duration, and/or child’s BMI

Overweight (BMI 85th- <95th percentile); Obese (BMI =95th percentile)



Figure 1. Prevalence of Overweight and Obesity by Duration of Breastfeeding in Preschool Age Children
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Table 5. Crude and Adjusted Odds Ratios of the Duration of Breastfeeding and Childhood Weight Status

Duration of
Breastfeeding

Model 1:

Overweight
(BMI 85th - <95th Percentile)

Obese
(BMI = 95th Percentile)

Crude OR Adjusted OR*
(95% CI) (95% CI)

Crude OR Adjusted OR*
(95% CI) (95% CI)

Never (referent)

Ever

1.09 (0.60-1.97)  0.72 (0.35-1.50)

0.61(0.30-1.21)  0.76 (0.32-1.82)

Model 2:

Never (referent)

>0 and <6 months

1.01(0.49-2.08)  0.62 (0.25-1.53)

0.89 (0.42-1.91)  1.26 (0.47-3.36)

>6 months 1.08 (0.52-2.27)  0.83 (0.35-1.98) 0.28 (0.08-0.96) 0.34 (0.09-1.34)
Model 3:

<6 months (referent) - - - -

>6 months 1.08 (0.54-2.15) 0.97 (0.45-2.10) 0.29 (0.09-0.95)  0.32(0.09-0.99)

* Adjusted for small-for-gestational-age (SGA), sex, hospital, maternal pre-pregnancy BMI, smoking during

pregnancy
OR - odds ratio
CI - confidence interval
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Table 6. Adjusted Odds Ratios* of the Duration of Breastfeeding and Childhood Weight Status, Stratified by Sex

Duration of
Breastfeeding

Model 1:

Overweight
(BMI 85th - <95th Percentile)

Obese
(BMI = 95th Percentile)

Boys

Girls

Boys

Girls

Never (referent)

Ever

0.59 (0.15-2.37)

0.77 (0.32-1.82)

0.67 (0.22-2.01)

1.09 (0.22-5.32)

Model 2:

Never (referent)

>0 and <6 months

0.20 (0.02-2.08)

0.79 (0.29-2.18)

1.37 (0.41-4.64)

1.19 (0.21-6.91)

>6 months

0.84 (0.17-4.20)

0.77 (0.26-2.31)

0.18 (0.02-1.57)

0.65 (0.09-4.73)

Model 3:

<6 months (referent)

>6 months

1.67 (0.43-6.55)

0.76 (0.29-1.99)

0.16 (0.02-1.22)

0.75 (0.14-3.87)

* Adjusted for SGA, hospital, maternal pre-pregnancy BMI, smoking during pregnancy
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Table 7. Adjusted Odds Ratios" of the Duration of Breastfeeding and Childhood Weight Status, Stratified by SGA

Duration of
Breastfeeding

Model 1:

Overweight
(BMI 85th - <95th Percentile)

Obese
(BMI = 95th Percentile)

SGA

AGA and LGA

SGA

AGA and LGA

Never (referent)

Ever

0.85 (0.24-3.01)

0.67 (0.28-1.65)

0.72 (0.18-2.95)

0.71 (0.24-2.11)

Model 2:

Never (referent)

>0 and <6 months

0.54 (0.12-2.48)

0.67 (0.22-2.06)

1.56 (0.36-6.76)

1.00 (0.28-3.60)

>6 months 1.05 (0.18-6.23) 0.81(0.29-2.23) t 0.48 (0.11-2.07)
Model 3:

<6 months (referent) - - - -

>6 months 0.91(0.18-4.65) 1.02 (0.42-2.47) t 0.49 (0.13-1.82)

* Adjusted for sex, hospital, maternal pre-pregnancy BMI, smoking during pregnancy
t Unable to run logistic model, as so few SGA infants were obese at preschool age
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Table 8. Adjusted Odds Ratios* of the Duration of Breastfeeding and Childhood Weight Status, Stratified by

Delivery Hospital

Duration of
Breastfeeding

Model 1:

Overweight
(BMI 85th - <95th Percentile)

Obese
(BMI = 95th Percentile)

Grady

Northside

Grady

Northside

Never (referent)

Ever

0.53 (0.15-1.86)

0.92 (0.35-2.46)

0.83 (0.23-3.05)

0.84 (0.24-2.89)

Model 2:

Never (referent)

>0 and <6 months

0.27 (0.03-2.52)

0.86 (0.29-2.59)

1.55 (0.32-7.48)

1.12 (0.31-4.02)

>6 months

0.86 (0.21-3.44)

0.89 (0.27-2.95)

0.40 (0.05-3.58)

0.37 (0.06-2.20)

Model 3:

<6 months (referent)

>6 months

0.95 (0.24-3.81)

1.04 (0.40-2.68)

0.41 (0.05-3.45)

0.34 (0.07-1.59)

* Adjusted for SGA, sex, maternal pre-pregnancy BMI, smoking during pregnancy
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