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Childhood Obesity, Breastfeeding, Intestinal Microbiota,
and Early Exposure to Antibiotics
What Is the Link?
Giulia Paolella, MD; Pietro Vajro, MD

Prevention of obesity is among the well-recognized beneficial
effects that breastfeeding exerts on a variety of organs and
systems. This effect seems to occur via various mechanisms:

(1) a low content of proteins
in human milk as opposed to
the high content found in
formula and cow’s milk that

leads to obesogenic concentrations of insulin and insulin-like
growth factor 1 in blood; (2) a good balance of other hormonal
molecules that regulate the fat to lean body mass ratio or
favor better recognition of satiety; (3) an optimal intestinal
microbiota (IM) composition; and (4) food preferences later in
life. However, the breastfeeding-obesity link has been ques-
tioned because of several confounding factors,1 including
maternal habits during gestation and breastfeeding as well as
the mother’s metabolic health status (obesity and diabetes),
race, and ethnicity. The duration of breastfeeding is also an
issue that should be considered in studies of breastfeeding
and obesity. Indeed, a long duration of breastfeeding (>7
months) has been associated with a reduced risk of over-
weight and obesity,2 while a short duration (≤4 months) may
not be sufficient to obtain the beneficial effects of
breastfeeding.3 Another confounding factor is early exposure
to antibiotics, which is increasing even for minor infections.
Antibiotics were found to induce a growth-promoting effect
in prepubertal children, possibly by altering their IM.4 The
neonatal IM composition is influenced by prenatal and post-
natal antibiotic exposure5 and other age-specific modifiers
such as mode of delivery (natural birth vs cesarean delivery)
and mother-to-infant transfer of bacterial strains and human
milk oligosaccharides via breastfeeding. The latter are struc-
turally diverse unconjugated glycans that are highly abundant
in and unique to human milk; they can stimulate the growth
and/or activity of healthy intestinal bacteria.

Early-Life Antibiotic Exposure
Studies on early-life antibiotic exposure (ELAE) and subse-
quent childhood obesity have yielded inconsistent results. In
more than 12 000 healthy Finnish children, ELAE (especially
of macrolides and other broad-spectrum agents) adminis-
tered before age 6 months or repeatedly during infancy or child-
hood was closely correlated with a higher BMI z score at 2
years.6 Similar results were obtained in a Danish study7 and
in a large American study (64 580 children).8 Very recently, a
higher risk of obesity at age 4 years was found in 21 714 Ameri-

can children consequent to the administration of antibiotics
before age 2 years.9 These results are consistent with an in-
creased risk of overweight and of central adiposity through-
out childhood or preadolescence and not only in the first years
of life.10,11 On the other hand, a study of 11 532 children in the
United Kingdom confirmed the association between ELAE and
an increased BMI during the first 2 years of life, but not later
in infancy.12 Similarly, in an elegant study of 38 522 American
singleton births and 92 matched longitudinally studied twins,
the authors did not find any significant difference between an-
tibiotic exposure and weight gain through age 7 years.13 Con-
sequently, they concluded that “there are many reasons to limit
antibiotic exposure in young, healthy children, but weight gain
is likely not one of them.”13

In this puzzling scenario in which most studies were not
adjusted for type and duration of breastfeeding or formula
feeding, the article by Korpela et al14 in this issue of JAMA
Pediatrics is particularly welcome. In fact, Korpela and col-
leagues compare obesity outcome in early vs not-early anti-
biotic use in 226 healthy Finnish children aged 2 to 6 years
divided into long- and short-duration breastfeeding groups.
This study sheds further light on the complex interplay
between breastfeeding, antibiotics, obesity, and the IM.
Indeed, they found that ELAE (ie, during breastfeeding or ≤4
months after weaning) plays a major role in disrupting the
protective effect of breastfeeding against obesity. Breast-
feeding exerted a protective effect (with a reduction of BMI
z scores of 0.08 unit [95% CI, 0.04-0.11; P < .001] for each
month of breastfeeding) only in the group of not-early anti-
biotic users, who also had reduced lifetime antibiotic use. In
addition, the IM composition differed between the long-
duration breastfeeding group, the group with short breast-
feeding without antibiotic use, and the group with long
duration of breastfeeding with ELAE. Consequently, Korpela
and colleagues conclude that the long-term metabolic ben-
efits of long-duration breastfeeding are conveyed by the IM.

The IM composition may affect the development of obe-
sity through different mechanisms. Specifically, it regulates the
host metabolic status by producing short-chain fatty acids that
influence secretion of gut-derived peptides, which in turn
regulate gut motility, nutrient absorption, satiety, and energy
homeostasis. An alteration of IM composition (dysbiosis) may
disrupt gut barrier integrity and function. Such dysfunction
enables the translocation of lipopolysaccharides (endotox-
emia), thereby triggering a low-grade chronic inflammatory
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state in the bloodstream—a condition that is characteristic of
obesity and of an increasing number of obesity-related
comorbidities.15,16 Korpela and colleagues demonstrate that in
long-breastfeeding children without ELAE, the IM was rich in
bifidobacteria and scarce in Clostridia.14 This is in line with the
correlation reported between the bifidobacteria level in the IM
and obesity in preschool-aged children.17

Limitations and Perspectives
Korpela and colleagues add to what we know about the link
between prevention of obesity, breastfeeding duration, ELAE,
and microbiota changes. However, like most investigations on
this topic, their well-designed study is not exempt from in-
evitable and evitable limitations, as the authors themselves ac-
knowledge. The major inevitable limitations are the retrospec-
tive nature of the study, the poor generalizability (only Finnish
participants), and the small sample size. Evitable limitations
are the lack of information about adiposity criteria other than
BMI, eg, the waist to height ratio, type of antibiotics used (obe-
sogenic, broad-spectrum, or biliary-excreted antibiotics vs nar-
row-spectrum or kidney-excreted antibiotics), and the poten-
tial selection bias for the possible inclusion of children who had
been exposed to other IM modifiers such as probiotics. Data

on maternal use of antibiotics during pregnancy, maternal
metabolic status, and type of delivery might have added weight
to the authors’ conclusions. Notably, Korpela and colleagues
were able to retrieve antibiotic purchase information from the
Finnish health care system database, thereby overcoming one
of the possible biases affecting other studies.

How may one avoid or repair IM changes and related obe-
sity predisposition in breastfed children who need or needed
antibiotics? First, a more judicious use of antibiotics and, for
instance, the use of narrower-spectrum molecules for simple
bacterial infections would surely be advantageous.6 Second,
antibiotic-induced gut dysbiosis appears to be modulated,
already in childhood, by various factors: one is the ω-6 to ω-3
fatty acids ratio, which is often altered consequent to the
increased intake of ω-6 and decreased intake of ω-3 typical of
obesogenic Western dietary habits. In this context, it is rel-
evant that ELAE-related gut dysbiosis in mice can be reversed
by supplementation of ω-3 fatty acids.18 Despite the leap from
mouse to man, it is conceivable that this approach may be
used to prevent obesity in children with ELAE given the high
levels of ω-3 fatty acids in human milk. Finally, administra-
tion of prebiotics or probiotics is another possible strategy in
this setting.15,19
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