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Breastfeeding offers numerous health benefits to children and women globally. For this
reason, international health organizations and American expert groups strongly support this
infant feeding behavior (Victora et al., 2016). Given the high cost-effectiveness of breastfeeding
in the United States (Bartick and Reinhold, 2010; Bartick et al., 2013), the American Academy of
Pediatrics (2014) and the American College of Obstetrics and Gynecology (2016) support
exclusive breastfeeding for about 6 months followed by the continuation of breastfeeding until
the infant is 1 year old once complementary foods are introduced at around 6 months.
Although the evidence behind breastfeeding recommendations is overall consistent and
strong (Victora et al., 2016), expert opinion is still divided on whether breastfeeding protects
against the risk of childhood obesity or not (Casazza, 2013; Dewey, 2003; Victora et al., 2016).
Thus, the objectives of this perspective are to (1) analyze the biological plausibility for expecting
a causal relationship between breastfeeding and risk protection against childhood obesity, (2)
present recent epidemiological evidence, and (3) identify future research areas to answer key
remaining questions.
BIOLOGICAL PLAUSIBILITY
A causal relationship between breastfeeding and childhood obesity risk is plausible.
First, the endocrinological profiles of breastfed versus formula-fed infants including insulin and
leptin levels suggest that breastfeeding may protect babies against the excessive deposition of
body fat (Dewey, 2003; Geddes and Prescott, 2013; Koletzko et al., 2009; Luque et al., 2016).
Strong and consistent evidence indicates that the overproduction of insulin in response to the
relatively higher levels of protein in infant formula may explain, at least in part, the differences in
endocrinological profiles between breastfed and formula-fed infants (Dewey, 2003; Koletzko et
al., 2009; Luque et al., 2016; Weber et al., 2014). Second, breastfeeding may protect infants
against gaining excessive weight during the first year of life, which in turn has been consistently
identified as a risk factor for childhood obesity (Dewey, 1998; Koletzco et al., 2009; PérezEscamilla and Kac, 2013; Woo Baidal et al., 2016). Third, regulation of calorie intake may differ
between breastfed and formula-fed babies. Whereas breastfed babies may self-regulate the
amount of calories they consume based on the energy density of their mother’s milk (PérezEscamilla et al., 1995), it is possible that formula-fed babies may consume more calories,
because the caregiver has more control of consumption. This may represent a risk for childhood
obesity, especially if babies are pressured to finish the bottle (Li et al., 2014) and/or they are fed
formula in large-sized bottles (Wood et al., 2016). Fourth, breastfed babies are exposed to a
greater diversity of flavors, which may facilitate the development of taste preferences for fruits,
vegetables, and other healthy foods that are lower in energy density (Mennella, 2014), which in
turn may protect against the risk of childhood obesity (Pérez-Escamilla et al., 2012). Fifth, it has
recently been proposed that the pronounced difference in gut microbiome in breastfed versus
formula-fed infants may also be related to a lower risk of childhood obesity among breastfed
babies (Woo and Martin, 2015).
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Recent Epidemiological Evidence
Two recent meta-analyses assessed the global epidemiological evidence behind the
hypothesis that breastfeeding offers protection against the development of childhood obesity.
Horta et al. (2015), in a review of 105 studies, found a significant reduction—26 percent—in the
odds of children becoming obese later in life if they were breastfed as infants. This systematic
review covered evidence from low-, middle-, and high-income countries and did not impose
restrictions in terms of the experimental or observational designs allowed. The studies varied
widely on breastfeeding modalities and comparison groups included. The range of ages at
which obesity was assessed was 1 year to more than 20 years of age, with the effect being less
in older children. Also, the larger the sample size included in the study, the lower the effect size
detected. In addition there were differences between children born before 1980 and after 1980,
perhaps related to differences in formula composition. Cohort studies tended to show the
smallest effect size (odds ratio [OR] = 0.79) relative to case-control (OR = 0.68) and crosssectional studies (OR = 0.67). In addition, the more adjustment that took place for confounding,
the smaller the effect size. Effects sizes were almost identical across high-, middle-, and lowincome countries, and exclusive breastfeeding tended to produce the strongest protection.
When looking at the studies with the highest possible quality, the review found a statistically
significant effect size of 13 percent in obesity risk reduction. The findings from this systematic
review are fully consistent with previous reviews conducted over the past 15 years (Beyerlein
and Von Kries, 2011; Dewey, 2003; Weng et al., 2012).
In the second meta-analysis, Giugliani et al. (2015) looked at 35 studies, but only 12
studies reported body mass index (BMI) or weight-for-length (or height). Of these, 10 were
randomized control trials, and two were quasi-experimental. The meta-analysis covered high-,
middle-, and low-income countries and a wide variety of interventions and ages. Giugliani et al.
found a reduction in the risk of childhood obesity as a function of maternal exposure to
breastfeeding promotion and support programs. The overall effect was statistically significant
although the effect size was small, a reduction of 0.06 Z score mean difference in BMI or
weight-for-length (or height).
Effect Modification by Genomic Propensity to Obesity
In a study involving over 14,000 German children assessed for weight and height
between 4.7 and 7.3 years of age, Beyerlein and Von Kries (2011) found that breastfeeding was
associated with a lower BMI compared with formula feeding only among children with the
highest BMI (i.e., the 90th and 97th BMI percentiles). This finding suggests that children with
higher genomic propensity to become obese may benefit the most from breastfeeding when it
comes to obesity risk. Subsequent studies (Dedoussis et al., 2011) found that particular alleles
in the fat mass and obesity-associated (FTO) gene may help explain why breastfeeding
protection is stronger among babies who have a genetic propensity to become obese.
Specifically, two Greek cohort studies showed that although children or preadolescents who
were not breastfed and who were carriers of the obesity propensity allele had higher BMI,
weight-for-height, or waist circumference, no differences were found among the FTO genotype
groups for any of the obesity indices in breastfed individuals. The researchers were unable to
replicate the Greek findings with data from the United Kingdom Avon Longitudinal Study of
Parents and Children (ALSPAC) cohort study, perhaps because these individuals were leaner
than their Greek counterparts (Dedoussis et al., 2011). Consistent with the Greek findings,
Abarin et al. (2012) found in Australia that among girls with an FTO obesity risk allele there was
a dose–response relationship between how long they received only breast milk and the degree
of protection against childhood obesity they received by 14 years of age. Among boys, how long
they received only breast milk protected against the risk of obesity after 10 years of age among
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both carriers and noncarriers of an FTO obesity risk allele. Among boys who had an AA or AT
genotype (mutations of the FTO gene that have been associated with obesity), none of them
were overweight if they received only breast milk for 5 months. By contrast, over half of the boys
with these genotypes who received only breast milk for less than 2 months were overweight.
These findings strongly suggest that breastfeeding confers protection against obesity among
children genetically predisposed to obesity (those with the AA or AT genotypes).
DISCUSSION AND RESEARCH RECOMMENDATIONS
Recent epidemiological evidence, including a major meta-analysis that adjusted for high
heterogeneity across studies, strongly suggests that there is a significant, albeit small, overall
effect of breastfeeding against childhood obesity in the general population (Victora et al. 2016).
The finding that the effect size in the general population is small is not surprising given the
constellation of life course factors that have been found to affect the risk of childhood obesity
(Pérez-Escamilla and Kac, 2013).
The biological plausibility for expecting a causal association between breastfeeding and
risk of childhood obesity is strong and may be explained by multiple mechanistic pathways,
including genomic propensity to become obese. Indeed, recent findings indicate that the benefit
of breastfeeding against the risk against childhood obesity may be more pronounced among
children who have a genetic propensity to become obese (Abarin et al., 2012; Dedoussis et al.,
2011). This genetic effect modification of a breastfeeding benefit (in this instance protection
against childhood obesity) is fully consistent with what has been found regarding modification of
the benefit of breastfeeding on intellectual development as a function of a fatty acid metabolism
genomic modification. Specifically, a genetic variant in the fatty acid desaturase 2 (FADS2)
gene has been found to moderate the effect of breastfeeding on improved intellectual
development in children (Caspi et al., 2007).
The Promotion of Breastfeeding Intervention Trial (PROBIT) has called into question the
findings of observational studies that have documented an association between breastfeeding
and reduced childhood obesity risk. PROBIT, a large-scale randomized controlled study
conducted in Belarus to test the effect of the Baby Friendly Hospital Initiative (BFHI) on
breastfeeding outcomes, failed to document such an association despite showing a major
positive effect on breastfeeding outcomes. This has understandably been a strong reason
behind questioning findings from observational studies documenting such association.
It is important however to acknowledge that the preponderance of the epidemiological
evidence does not support generalizing the PROBIT findings as this trial has major external
validity and statistical power limitations. First, the PROBIT trial excluded infants who were never
breastfed, thus it lacks an internal reference group of infants who were exclusively formula fed
since birth. Second, PROBIT is severely underpowered to examine the association of interest
based on the relatively small effect size that would need to be detected. Indeed, Beyerlein and
Von Kries (2011) have estimated that PROBIT has a statistical power of 4 percent to answer the
question of interest, compared with the expected 80 percent.
The findings that have emerged from recent epidemiological evidence, combined with
the biological plausibility of a protective effect of breastfeeding throughout the lifecourse,
strongly support the development and support of a research agenda to answer questions based
on potential effect modification by the presence or absence of risk factors for childhood obesity.
Specific questions that should be answered include finding out if the magnitude of the protective
effect of breastfeeding on childhood obesity depends on any of the following:




Genomic propensity to obesity in the child,
Maternal prepregnancy obesity,
Excessive weight gain during pregnancy,
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Excessive infant weight gain during infancy,
Types of beverages and foods fed to infants in lieu or in addition to breast milk,
Protein content of infant formula,
Human milk offered from the breast (versus expressed and fed via a bottle or
cup), and
Degree and duration of breastfeeding exclusivity.

Prospective studies that carefully measure exclusive breastfeeding duration, genomic
propensities, and the gut microbiome should be the basis for future epidemiological and basic
mechanistic research as it is clear that the relationship between breastfeeding and childhood
obesity is likely to follow multiple pathways that form a complex web, including epigenetic
mechanisms (Geddes and Prescott, 2013; Woo 2015). These studies should be designed with
adequate statistical power to test for effect modification by other maternal-child life course
factors, including prepregnancy BMI, gestational weight gain, and the timing of introduction and
the type of complementary feeding (Daniels et al., 2015; Pérez-Escamilla and Bermudez, 2012).
These studies also need to carefully assess diet and physical activity between the period of
breastfeeding and the time when follow-up anthropometric measurements are taken as these
have generally not been corrected in previous prospective studies, which is a major gap that
needs to be addressed.
Contrary to what has been argued before (Casazza et al., 2013) there are strong
reasons for expecting a causal association between breastfeeding and the prevention of
childhood obesity, especially among children with a genomic predisposition to become obese.
Given the impracticability of screening for genomic propensity to tailor individual infant feeding
recommendations and the large number of additional benefits offered by breastfeeding for
maternal–child health (Victora et al., 2016), from a public health perspective it is recommended
to continue including breastfeeding as part of comprehensive childhood obesity prevention
strategies. These strategies can acknowledge that the level of benefit will be different as a
function of genetic factors and epigenetic processes. Thankfully, we have a number of
evidence-based strategies that work at both the facility and the community level, and some that
work on the macroenvironment, protecting the ability of mothers who wish to breastfeed their
babies to do so. These include the Baby Friendly Hospital Initiative (Pérez-Escamilla, 2007;
Pérez-Escamilla and Hall Moran, 2016; Pérez-Escamilla et al., 2016), breastfeeding communitybased peer counseling (Chapman et al., 2010), and breastfeeding protection policies (Hawkins
et al., 2013; Smith-Gagen et al., 2014).
In conclusion, the preponderance of the epidemiological evidence suggests that the
effect size of the benefit that breastfeeding may offer against obesity risk in the general
population is small, as expected. The biological plausibility for expecting this association to be
causal is likely to be strong. The apparent effect modification by genetic predisposition
strengthens the causality argument, although much more research is needed to confirm this
finding across diverse populations.
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