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REVIEW ARTICLE

Effect of Infant Feeding on the Risk of Obesity Across the Life Course:
A Quantitative Review of Published Evidence

Christopher G. Owen, PhD*; Richard M. Martin, MFPHM{; Peter H. Whincup, FFPHM?;
George Davey Smith, FFPHMY; and Derek G. Cook, PhD*

ABSTRACT. Objective. To examine the influence of
initial infant feeding on obesity in later life.

Methods. A systematic review of published studies
investigating the association between infant feeding and
a measure of obesity was performed with Medline (1966
onward) and Embase (1980 onward) databases, supple-
mented with manual searches. Data extraction was con-
ducted by 2 authors. Analyses were based on odds ratios
of obesity among initially breastfed subjects, compared
with formula-fed subjects, pooled with fixed-effects
models.

Results. Sixty-one studies reported on the relation-
ship of infant feeding to a measure of obesity in later life;
of these, 28 (298 900 subjects) provided odds ratio esti-
mates. In these studies, breastfeeding was associated
with a reduced risk of obesity, compared with formula
feeding (odds ratio: 0.87; 95% confidence interval [CI]:
0.85-0.89). The inverse association between breastfeed-
ing and obesity was particularly strong in 11 small stud-
ies of <500 subjects (odds ratio: 0.43; 95% CI: 0.33—0.55)
but was still apparent in larger studies of =500 subjects
(odds ratio: 0.88; 95% CI: 0.85-0.90). In 6 studies that
adjusted for all 3 major potential confounding factors
(parental obesity, maternal smoking, and social class),
the inverse association was reduced markedly (from an
odds ratio of 0.86 to 0.93) but not abolished. A sensitivity
analysis examining the potential impact of the results of
33 published studies (12 505 subjects) that did not pro-
vide odds ratios (mostly reporting no relationship be-
tween breastfeeding and obesity) showed little effect on
the results.

Conclusions. Initial breastfeeding protects against
obesity in later life. However, a further review including
large unpublished studies exploring the effect of con-
founding factors in more detail is needed. Pediatrics
2005;115:1367-1377; infant feeding, obesity, systematic re-
view.
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ABBREVIATION. CI, confidence interval.

besity represents a major public health prob-

lem in both developed and developing coun-

tries, which has increased rapidly in preva-
lence in the past 2 decades.!? After the suggestion
that nutrition in early life might influence the risk of
subsequent obesity,* some reports suggested that ini-
tial breastfeeding might protect against obesity in
later life,® whereas others failed to confirm the
association.”® Inconsistency in results could reflect
variation in the statistical power of different studies
or differences in the extent of adjustment for poten-
tial confounding factors, particularly maternal obe-
sity, smoking, and socioeconomic background.>®
Differences in the age of outcome assessment, calen-
dar year of infant feeding, country, and method of
assessment of infant feeding could also be important.
Selective reporting or publication, particularly of
small studies with extreme results, could also be an
important factor. In an attempt to establish the extent
to which infant feeding influences obesity, we re-
viewed the published literature on the relationship
between infant feeding and obesity, to examine the
overall consistency of reported associations, the ex-
tent of potential publication and reporting biases,
and the potential contributions of confounding fac-
tors.

METHODS

Systematic Review Process

The data retrieved for this review were based on a larger,
inclusive, systematic search of all published articles, letters, ab-
stracts, and review articles on infant feeding and cardiovascular
disease, cardiovascular disease risk factors, and growth in the
Medline and Embase bibliographic databases (Table 1). In addi-
tion, the reference lists of all studies that fulfilled our eligibility
criteria and those of 3 relevant reviews were examined.’-!! The
review was restricted to studies conducted with human subjects.

The electronic search (completed in September 2003) yielded
3600 unduplicated references. Three additional articles with rele-
vant data that were published recently were also included.”#12
One reviewer (RM.M.) completed the literature search. Abstract
review suggested that 97 articles were potentially relevant, and 2
authors (C.G.O. and RM.M.) extracted data from these studies,
with total agreement. Thirty-six articles were excluded; 14 studies
duplicated data in other reports and 22 did not compare obesity
among formula-fed and breastfed subjects. A list of excluded
studies is available from the authors. Therefore, 61 studies that
compared a measure of obesity (quantitatively or narratively)
among breastfed and formula-fed subjects were considered. Mean
BMI differences between breastfed and formula-fed subjects were
available for 8 studies,®!?-'8 4 of which also provided odds of
obesity.6121315 Studies that defined the odds of obesity or being
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TABLE 1. Search Strategy Used

Infant feeding
MeSH
exp Infant Nutrition/
Bottle Feeding/
Milk, Human/
Text word terms:
(breast adj3 (feeding or fed)).tw
infant diet$.tw
(bottle adj3 (feeding or fed)).tw
(artificial adj3 (feeding or fed)).tw
weaning.tw
breast milk.tw
dried milk.tw
(infant adj3 nutrition).tw
infant diet$.tw
infant feeding.tw
early nutrition.tw
infant food.tw
breastfeeding.tw
breastfed.tw
breastmilk.tw
Cardiovascular disease and risk factors
MeSH
Cardiovascular Diseases/
exp Myocardial Ischemia/
exp Vascular Diseases/
exp Cholesterol/
exp Lipids/
exp Diabetes Mellitus/
Text word terms:
lipid$.tw.
cholesterol.tw.
triglyceride$.tw.
cardiovascular.tw.
(coronary adj3 disease$).tw.
Idl.tw.
lipoprotein$.tw.
hdlLtw.
hypertension.tw.
blood pressure.tw.
(systolic or diastolic).tw.
diabetes.tw.
(niddm or iddm).tw.
insulin resistan$.tw.
glucose intolerance.tw.
Growth
MeSH
“Body Weights and Measures”/
exp Obesity/
exp Growth/
Text word terms:
body mass index.tw.
bmi.tw.
overweight.tw.
(obese or obesity).tw.
leg length.tw.
sitting height.tw.
weight.tw.
height.tw.
child$ growth.tw.

MeSH indicates Medical Subject Heading.

overweight for breastfed and formula-fed subjects were reported
more often and were included in a meta-analysis; 28 studies with
29 estimates (1 study reported results for 2 populations)'® met this
inclusion criterion (Table 2). The definitions of obesity differed
among studies (Table 2). However, most studies used a percentile
cutoff based on BMI, describing subjects at the tail of the distri-
bution. The 95th or 97th percentile was used most often, although
some studies used cutoff values as low as the 85th percentile. A
smaller number of studies used absolute BMI values!>2021 or
cutoff values based on standardized weight?22® or weight for
height.192425 Studies involving infants used definitions based on
percentiles of weight for length?>2” or percentiles of weight
only.?® Initial feeding status was ascertained through maternal
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recall at the time of infant feeding or =3 years after birth. Com-
parisons were based on breastfed and formula-fed groups.

The World Health Organization defines exclusive breastfeeding
as “breastfeeding or formula feeding while giving no other food or
liquid, not even water.”?® However, few studies report this defi-
nition, and exclusive breastfeeding is rarely maintained for the
first 4 months and if possible 6 months of life, as advised by the
World Health Organization. Therefore, the exclusiveness of infant
feeding was based on the classification given in each article, as
listed in Table 2. The feeding groups were defined as being mu-
tually exclusive in 4 studies,>?°-3! the breastfed group included
mixed feeders in 7 studies,®1519.23273233 and the formula-fed
group included mixed feeders in 7 studies.1326:33-36 In 2 studies
in which infants were breastfed exclusively, the exclusiveness of
formula feeding could not be gauged.**” The exclusiveness of initial
feeding was unclear in 10 additional studies.’1220-22.242538-40 No
studies reported the use of nonstandard commercial formulas.
Among studies that reported odds ratios (including 4 studies that
reported both odds ratios and mean differences in BMI), 8 studies
were based on populations from North America, 15 from Western
Europe, 3 from Eastern Europe, 2 from Australasia, and 1 from
China.

Statistical Analyses

The odds ratio of being defined as obese (or overweight) among
initially breastfed subjects, compared with formula-fed subjects,
was used as the principal outcome, with its variance. In many
studies, the odds ratios were provided directly. For other studies,
we calculated the odds ratios from reported prevalence rates of
obesity in different feeding groups or from combinations of odds
ratios given for different durations of breastfeeding with fixed-
effects models, with formula-fed subjects as the reference group.
In 2 studies, data for male and female subjects were combined.!>38
The main analysis was based on odds ratios that were unadjusted
or adjusted for current age and gender and in some cases ethnic
group.>3Y Results from fixed-effects models are reported through-
out, because these reflect only the random error within each study,
are more conservative because they are less affected by results of
smaller studies that show stronger associations, and make no
assumptions about the representativeness of the available studies.
Because heterogeneity across studies was marked, possible
sources of heterogeneity were examined. Funnel plots were used
to assess whether small studies yielded larger effect estimates than
larger studies, raising the possibility of publication bias.#142 Tests
described by Begg and Mazumdar*® and Egger et al*? for publi-
cation bias and funnel plot asymmetry, respectively, were also
performed. Meta-regression was used to examine the influence of
the following factors (defined a priori) with a test for trend: study
size (<500, 5002500, or >2500 subjects), age group at outcome
measurement (infants =1 year of age, young children >1 to 9
years of age, older children 10 to <16 years of age, or adults =16
years of age), year of birth, and response rates (analyzed as a
continuous variable). The effects of adjustment for factors such as
parental body size (mostly BMI), socioeconomic status, and ma-
ternal smoking were examined in 6 studies that provided data
before and after adjustment for all 3 of these factors. The effects of
study methods, particularly the method of ascertainment of infant
feeding status (whether contemporary or recalled over a period of
=3 years), study response rate, and definition of obesity (equiva-
lent to <95th percentile, 95th to <97th percentile, or =97th per-
centile of BMI), were examined with meta-regression and sensi-
tivity analyses.

Assessment of Reporting Biases

To establish the likelihood of reporting bias, the directions of
reported associations were compared among studies that did or
did not provide a quantitative estimate of the relative risk of
obesity associated with breastfeeding. A sensitivity analysis ex-
amining the potential impact of studies not providing quantitative
estimates was then conducted with meta-analyses providing an
estimate of the pooled odds ratio, weighting each study estimate
by the total number of subjects in that study. This was conducted
first for studies providing published estimates and then for all
studies. Unpublished odds ratios were derived from information
on the direction of effect provided in the article. In all except 2
cases, this was reported to be a null effect and the odds ratio was
assumed to be 1 (Table 3). The derivation of an odds ratio in the 2
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studies that reported a direction of effect is outlined in a footnote
to Table 3.4445

RESULTS

Among 61 observational studies that reported on
the effects of infant feeding on a measure of adipos-
ity in later life, 28 studies (298 900 subjects) provided
29 unadjusted odds ratios relating the initial infant
feeding method and obesity (Table 2). Four observa-
tions were for infants, 23 for children, and 2 for
adults (Table 2). Twenty-eight of 29 estimates related
breastfeeding to a lower risk of obesity. There was
evidence of marked heterogeneity among studies
(x3s = 111, P < .001). In a fixed-effects model includ-
ing all studies, breastfed subjects were less likely to
be defined as obese than were formula-fed subjects
(odds ratio: 0.87; 95% confidence interval [CI]: 0.85-
0.89) (Fig 1 and Table 2). This estimate was unaltered
by exclusion of 4 studies with outcome measurement
in infancy. In the fixed-effects model, the statistical
weight given to the largest study amounted to 73%.'2
Exclusion of this study strengthened the protective
effect of breastfeeding on obesity to an odds ratio of
0.73 (95% CI: 0.70-0.77). Additional exclusion of the
next 2 largest studies (accounting for 10% of the
statistical weight) had little additional effect.?%33

Small studies reported the strongest relationships

Parsons et al (33)
Poulton and Williams (26)
Tulldahl et ai (16)

between breastfeeding and reduced risk of obesity
(Figs 1 and 2), although the association was still
present in larger studies. An odds ratio of 0.43 (95%
CI: 0.33-0.55) was observed in 11 small studies (<500
participants), whereas odds ratios of 0.78 (95% CI:
0.69-0.89) and 0.88 (95% CI: 0.86—0.90) were ob-
served in 7 studies of intermediate size (500-2500
participants) and in 10 large studies (>2500 partici-
pants), respectively. This trend can be seen in the
funnel plot (Fig 2); not surprisingly, the results of the
Egger test for funnel plot asymmetry were statisti-
cally significant (P < .001). The results of the Begg
test were not statistically significant (P = .96). There
was no clear evidence that the protective effect of
breastfeeding altered with increasing age of outcome
measurement. Odds ratios of 0.50 (95% CI: 0.26—
0.94) for infants, 0.90 (95% CI: 0.87-0.92) for young
children, 0.66 (95% CI: 0.60—-0.72) for older children,
and 0.80 (95% CI: 0.71-0.91) for adults were observed
(test for trend, P = .85, adjusted for study size; P =
.99 with the exclusion of infants). The smaller effect
with narrow ClIs observed for young children is at-
tributable to the inclusion of the largest study with a
small effect.? Year of birth was unrelated to the odds
ratio.

In 6 studies, it was possible to examine the effect of

Kramer (15)

Kramer (15)

4

Elliot et at (15)

Gillman et ai (12)
Sung et al (11)

Toschke et al (6-14)
Liese et al {10)

Frye and Heinrich (10)

Maffeis et al (10)
Lietal(8)

Eid (8)
Strbak et al (1-7)

A

v

Richter (7)
Wadsworth et al (6)
von Kries et al (8)
Bergmann et al (6)

A

Scaghioni et al (5)

O'Callaghan et al (5}
Neyzi et al (5)

A\

Hediger et al (4)
Grummer-Strawn and Mei (4)
Amstrong & Reilly (3)

Thorogood et al (1)

44

Dewey et al (1)

Yeung et al (0.5)
Taitz (0)

\AJ

A

Combined —|

Breast feeding better

T i |
5 1 1.5

Odds of obesity

Formula feeding better

Fig 1. Odds ratio and 95% CIs of being defined as obese, comparing those who were breastfed versus formula fed (values of <1 show
a protective effect of breastfeeding against obesity). The box area of each study is proportional to the inverse of the variance, with
horizontal lines showing the 95% CI of the odds ratio. The study authors are indicated on the y-axis in ascending order of age at which
obesity status was measured. Mean ages (in years) are shown in parentheses. The pooled estimate based on a fixed-effects model is shown

with a dashed vertical line and diamond (95% CI).
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$ //
Fig 2. Begg funnel plot (with pseudo § //
95% ClI), showing the logarithmically © g ~ //oo/ ©
transformed odds ratio of the effect of § = —_ o
infant feeding on obesity versus the SE o) fw\\ 50 °y
of the logarithmically transformed odds §’ T

ratio.

adjustment for the following potentially important
confounders: socioeconomic status (based on paren-
tal education in 2 studies),'>3® parental BMI, and
current maternal smoking3 or maternal smoking in
early life.68121315 The pooled odds ratio in these
studies was reduced from 0.86 (95% CI: 0.81-0.91)
before adjustment to 0.93 (95% CI: 0.88-0.99) after
combined adjustment. The effect of adjustment for
size at birth (based on either birth weight or preva-
lence of low birth weight) was examined in 10 stud-
ies; this had no appreciable effect on the odds ratios.
The protective effect of breastfeeding over obesity
was stronger and more homogeneous among 4 stud-
ies in which initial feeding groups were exclusive
(odds ratio: 0.76; 95% CI: 0.70-0.83; test for hetero-
geneity between estimates, x3 = 5.4, P = .143), com-
pared with all other studies.>?*3! In addition, a
longer duration of breastfeeding appeared to show a
slightly greater protective effect on obesity. In 14
studies with information on breastfeeding duration,
the protective effect of breastfeeding over formula
feeding was greater among subjects breastfed for =2
months (odds ratio: 0.81; 95% CI: 0.77-0.84), com-
pared with those breastfed for any duration (odds
ratio: 0.89; 95% CI: 0.86—0.91) in the same studies.
The combined odds ratio was little affected by par-
ticular obesity cutoff values used in different studies,
by whether infant feeding status was recorded in
infancy or retrospectively, or by response rate.
Thirty-three studies (12 505 participants), although
they examined relationships between breastfeeding
and obesity, did not provide an estimate of relative
risk (Table 3). However, they provided 35 reports of
directions of association; of these, breastfeeding was
unrelated to risk of obesity in 33, related to a reduced
risk in 1, and related to an increased risk in 1. There-
fore, studies that did not provide odds ratios were
much less likely to report that breastfeeding was
associated with a reduced risk of obesity, compared
with studies that did provide odds ratios (1 of 35
studies and 18 of 29 studies, respectively; x> = 26.9,
P < .001). However, including these additional stud-

1374 INITIAL BREAS(;IG;%%&)}Q% AND OBESITY
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ies (which included fewer than one twentieth of the
numbers of subjects in the studies that provided
odds ratios) appeared to make little difference in the
results. In a meta-analysis of the 29 odds ratios from
28 studies with published estimates, weighted ac-
cording to the total number of subjects in each study,
the summary odds ratio was 0.83, close to that re-
ported for the main analysis above. The inclusion of
35 estimates from the 33 studies with no published
odds ratio (Table 3) had a minimal effect on the
summary estimate (summary odds ratio: 0.84). The
difference in the summary estimates was similar
when the largest published study, representing
nearly three fourths of the combined statistical
weight, was excluded from the analyses.!? Studies
equivalent in statistical size to this largest study (N =
177 304)'? and showing an overall protective effect of
formula feeding over breastfeeding on obesity, with
an odds ratio of 1.4 (far greater than any effect ob-
served in the current meta-analysis), would be
needed to nullify these combined results (ie, to pro-
duce an estimated odds ratio of 1).

DISCUSSION

In this overview of published studies relating in-
fant feeding and obesity, studies reporting a quanti-
tative estimate provided consistent evidence of a
relationship between breastfeeding and reduced risk
of obesity. Although the association was particularly
strong among the smallest studies (consistent with
the possibility of publication bias), it was also ob-
served among larger studies. The association ap-
peared stronger among prolonged breastfeeders and
was unaltered by age at outcome measurement.

An important potential limitation of the evidence
presented here is that it is based on observational
studies; experimental studies are generally impracti-
cable in this context, except in highly specific circum-
stances.*® Confounding is therefore an important
possibility, and maternal factors are of particular
potential importance. Low maternal social class and
maternal obesity are related to a tendency to formula
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feed and to greater risk of obesity among offspring.>8
Birth size may also be an important confounder,
especially because lower mean birth weight may be
associated with formula feeding and with an in-
creased risk of later central obesity.>4” The effect of
confounding by maternal factors and birth weight
may exaggerate an association between breastfeed-
ing and obesity. In a subset of studies that examined
the effect of adjustment for these factors, the associ-
ation between breastfeeding and reduced risk of obe-
sity was markedly attenuated.®81213.15.33

The association between breastfeeding and obesity
could reflect selective reporting and/or publication.
Our results indicated selective reporting of odds ra-
tios by studies that showed a relationship between
breastfeeding and reduced risk of obesity. However,
because the studies that did not present odds ratios
were on average much smaller than those that pre-
sented data, their inclusion had a minimal impact on
effect estimates. The influence of publication bias is
more difficult to assess. The results suggested that
there was some selective publication of small studies
showing strong associations between breastfeeding
and obesity. However, the association remained, al-
though it was weaker, among the larger published
studies. It remains possible that, among large unpub-
lished data sources, there is little or no association.
However, studies equivalent in statistical size to the
largest study (N = 177 034)!'> would need to show a
highly improbable protective effect of formula feed-
ing over breastfeeding to nullify the pooled results
presented in this review.

Overall, our results suggest that breastfeeding is
protective against obesity, although the precise mag-
nitude of the association remains unclear. Increasing
uptake of breastfeeding could form an important
part of population strategies to prevent obesity. Sev-
eral biological mechanisms may explain the associa-
tion. Breastfeeding affects intakes of calories and
protein,*8 insulin secretion,** and modulation of fat
deposition and adipocyte development. If the effects
of breastfeeding are sustained through either habit-
uation or more-complex programming mechanisms,
then the association could persist into adult life, as
our results suggest. The consistency of the associa-
tion with increasing age (as observed in the analyses)
suggests that the protective effects of early breast-
feeding are independent of dietary and physical ac-
tivity patterns that emerge in later life.

In investigating the presence of a dose-response
relationship, it was possible to show, from published
data, only that prolonged breastfeeding was associ-
ated with an additional reduction in obesity, com-
pared with any breastfeeding in the same studies.
Additional data are needed to examine systemati-
cally the effects of duration of breastfeeding on obe-
sity in adulthood. Additional studies are also needed
to examine the effects of confounding and publica-
tion biases in more detail. Additional evidence re-
garding the effects of confounding factors on the
relationship between breastfeeding and obesity,
from both published and unpublished studies, is
needed. Studies involving populations for which
breastfeeding is socially patterned in a way that is

Downloaded from www.pediatrics.org. Provided by Univ of 1l on March 27, %—:1

different from that for European or North American
populations (the predominant source of studies in
the present meta-analysis) would be particularly
valuable. Follow-up data for participants in random-
ized, controlled trials of breastfeeding promotion
would provide particularly reliable evidence of the
association.>® To address the influence of publication
biases, additional data on the relationship between
breastfeeding and obesity from large unpublished
studies are needed, especially for adults. In addition,
examination of the relationship of breastfeeding to
markers of average adiposity in the comparison
groups (for example, mean BMI) would supplement
usefully the information on the prevalence of obesity
provided in this study. While more data on these
issues and on the relationship between duration of
breastfeeding and obesity are being obtained, the
case for breastfeeding is already strong and well
established, based on a combination of other short-
and long-term benefits, including improved neural
and psychosocial development,>->2 less allergic dis-
ease,” and potentially lower blood cholesterol levels
in later life.>*
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THE INTERNET: IT’S THE NEW TV

“Television has long been a favorite way to pass time. . . . [A]n annual survey by
Jupiter Research showed that last year American adults spent as many hours a
week in front of another screen—their computer’s. The survey of 2,231 people
found that consumers spent an average of 10 hours a week on the Internet in 2004,
the same amount as the year before. TV watching declined to 10 hours a week,
however, from 11 in 2003. About 35 percent of the people Jupiter surveyed said
they watched less TV because of their online habit ... people with low-speed
dial-up Internet connections still put in about 12 hours a week in front of the tube.
TV watching wasn’t the only activity that suffered, according to the survey.
Thirty-five percent of respondents said they spent less time reading books, 28
percent cut back on magazines and 26 percent picked up a newspaper less fre-
quently. ... While e-mail messaging provides another way to keep in touch with
friends and family, that also seems to be coming at the expense of at least one older
technology: 28 percent of the people Jupiter surveyed said they spent less time
chatting on the phone because of the Internet.”

Austen 1. New York Times. March 1, 2005
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