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CONTEXT: Benefits of breastfeeding include lower risk of postneonatal
mortality. However, it is unclear whether breastfeeding specifically
lowers sudden infant death syndrome (SIDS) risk, because study re-
sults have been conflicting.

OBJECTIVE: To perform a meta-analysis to measure the association
between breastfeeding and SIDS.

METHODS: We identified 288 studies with data on breastfeeding and
SIDS through a Medline search (1966—2009), review articles, and meta-
analyses. Twenty-four original case-control studies were identified that
provided data onthe relationship between breastfeeding and SIDS risk.
Two teams of 2 reviewers evaluated study quality according to preset
criteria; 6 studies were excluded, which resulted in 18 studies for
analysis. Univariable and multivariable odds ratios were extracted. A
summary odds ratio (SOR) was calculated for the odds ratios by using
the fixed-effect and random-effect inverse-variance methods of meta-
analysis. The Breslow-Day test for heterogeneity was performed.

RESULTS: For infants who received any amount of breast milk for any
duration, the univariable SOR was 0.40 (95% confidence interval [CI]:
0.35—0.44), and the multivariable SOR was 0.55 (95% Cl: 0.44—0.69). For
any breastfeeding at 2 months of age or older, the univariable SOR was
0.38 (95% Cl: 0.27—0.54). The univariable SOR for exclusive breastfeed-
ing of any duration was 0.27 (95% Cl: 0.24—-0.31).

CONCLUSIONS: Breastfeeding is protective against SIDS, and this ef-
fect is stronger when breastfeeding is exclusive. The recommendation
to breastfeed infants should be included with other SIDS risk-reduction
messages to both reduce the risk of SIDS and promote breastfeeding
for its many other infant and maternal health benefits. Pediatrics 2011;
128:000
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There are many physical and emo-
tional benefits to breastfeeding,' in-
cluding a reduced risk of postneonatal
mortality.2 However, it is unclear
whether breastfeeding specifically
lowers the risk of sudden infant death
syndrome (SIDS). Physiologic sleep
studies have shown that breastfed in-
fants have lower arousal thresholds
than formula-fed infants,3* which may
provide a mechanism for protection
against SIDS. However, epidemiologic
studies have been inconsistent in
showing a protective effect of breast-
feeding on the risk of SIDS; some study
results have supported a protective ef-
fect, """ and others have not?25812-19
The authors of a meta-analysis and
qualitative literature review published
in 2000 concluded that there was a sta-
tistically significant increase in SIDS
risk for bottle-fed infants.20 These au-
thors, however, defined SIDS loosely
(as any sudden and unexplained death
in an infant or young child) and in-
cluded studies in which the definitions
of breastfeeding exposure differed,
and there were other methodologic
flaws. A more recent meta-analysis
conducted by the Agency for Health-
care Research and Quality analyzed 6
studies and found a statistically signif-
icant decrease in SIDS in infants who
were ever breastfed compared with in-
fants who were never breastfed (ad-
justed summary odds ratio [SOR]: 0.64
[95% confidence interval (CD): 0.51—
0.811).2" We performed our meta-
analysis to quantify and evaluate the
protective effect of breastfeeding
against SIDS, including the influence of
exclusive breastfeeding and longer
breastfeeding duration, and to make a
recommendation on the potential util-
ity of breastfeeding as a strategy for
reducing the risk of SIDS. Our hypothe-
ses were that (1) breastfeeding is as-
sociated with a decreased risk of SIDS
and (2) exclusive breastfeeding and
breastfeeding for longer duration are
associated with the greatest reduction
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FIGURE 1

Study inclusion and exclusion flow diagram. @ Exclusion criteria: duplication, no apparent relevance.
b First-level inclusion criteria: articles that reported an association between breastfeeding and SIDS.
¢Second-level inclusion criteria: see criteria listed in Table 1; an additional study was excluded for not
providing ORs that could be used in calculating an SOR.

in risk. This report of our methods and
findings follows the guidelines for re-
porting meta-analyses of observa-
tional studies proposed by Stroup et
al?2 and the PRISMA Group.?

METHODS

Data Sources and Study Selection

We searched the Ovid Medline data-
base (January 1966 through December
2009) to collect data on breastfeeding
and its association with SIDS. The
search strategy included published ar-
ticles limited to humans with the Med-
ical Subject Headings terms “sudden
infant death” and “breast feeding” with
key words “sudden infant death syn-
drome,” “SIDS,” “cot death,” and
“breastfeeding.” Combining searches
resulted in 265 abstracts (Fig 1). An
additional 23 studies were identified
through review articles and meta-
analyses, for a total of 288 studies.
These studies were reviewed by teams
of 2 independent reviewers who evalu-
ated each abstract for relevance on
the basis of title and abstract. One hun-

dred eighty-four reports were ex-
cluded on the basis of the abstracts
alone, and 104 articles were pulled for
further review. Two reviewers (Dr Hauck
and Ms Tanabe) reviewed all pulled arti-
cles for inclusion and for overlapping
data. Twenty-four original case-control
studies that provided data on the rela-
tionship between breastfeeding and
SIDS risk?5-11.14-1924-35 were identified.
Two teams of 2 reviewers indepen-
dently evaluated 12 studies each ac-
cording to preset criteria; in cases of
disagreement, a third reviewer evalu-
ated the study, and a consensus opin-
ion was reached.

Because the search was not limited to
articles written in English, 12 of the ar-
ticles were in other languages (3 Ger-
man, 3 Italian, 1 Japanese, 1 Spanish, 1
Polish, and 3 Norwegian). After review-
ing the articles and abstracts, either in
the original language or the English
translation, none of these studies was
deemed relevant except 1 Norwegian
study, for which an article published in
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English with the same content replaced
the one published in Norwegian.

Data Extraction

The teams evaluated the eligible stud-
ies on the basis of the 6 criteria devel-
oped by the American Academy of Pe-
diatrics Task Force on Positioning and
SIDS for its literature review on the re-
lationship between sleeping position
and SIDS. These criteria are (1) an ap-
propriate definition for SIDS, (2) autop-
sies performed in >98% of cases, (3)
an adequate description of SIDS ascer-
tainment in the study population, (4)
matched control subjects, (5) an ade-
quate description of the process of con-
trol selection, and (6) inclusion of suffi-
cient data to calculate ORs and 95% Cls
or inclusion of the actual ORs and Cls. In
ourreview, 19 of 24 studies satisfied all 6
criteria; the failed criteria of 5 studies
are listed in Table 1291619352 Angther
study could not be included because
the ORs were presented in a way that
was not compatible with our analy-
ses,’ which resulted in a total of 18
studies for the meta-analysis.

Statistical Analysis

Several different definitions for
breastfeeding were examined: (1)
breastfeeding of any amount (partial
or exclusive) or duration, including
breastfeeding at discharge from hos-
pital (“any breastfeeding”); (2) breast-
feeding of any amount at the age of 2
months or older (“breastfeeding = 2
months”); and (3) exclusive breast-
feeding (ie, no formula supplementa-
tion) for any duration (“exclusive
breastfeeding”).

The univariable and multivariable ORs
were extracted from each study for the
different associations between breast-
feeding and SIDS. A separate SOR was
calculated for the univariable and mul-
tivariable ORs by using the fixed-effect
and random-effect inverse-variance
methods of meta-analysis. The Breslow-
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Day test for heterogeneity was per-
formed. A Pvalue of <.05 was consid-
ered to indicate that heterogeneity
was present. Analyses were conducted
independently by 2 authors (Drs
Thompson and Vennemann), one by us-
ing RevMan 5.0 (Nordic Cochrane Cen-
tre, Cochrane Collaboration, Copenha-
gen, Denmark) and one by using
Comprehensive Meta Analysis 2.2.048
(Biostat, Englewood, NJ). Any discrep-
ancies were investigated and resolved.

RESULTS

Eighteen case-control studies were in-
cluded in the meta-analysis (Table 1),
and data for any breastfeeding were
provided for all of them.* The forest
plot for the univariable ORs with the
random-effect model is shown in Fig 2;
the SOR was 0.40 (95% Cl: 0.35—0.44;
1?2 = 71%). Multivariable ORs were re-
ported for only 7 of the 23 stud-
iegd 7810171834 3 ynjvariable pooled
analysis of the results from these 7
studies resulted in an OR of 0.36 (95%
Cl: 0.31-0.42), which is consistent with
the results when all 18 studies were
included. The multivariable pooled es-
timate revealed a movement of the OR
toward the null; however, it remained
statistically significant at 0.55 (95% Cl:
0.44—0.69) (Fig 3). There was no heter-
ogeneity (/2 = 40%).

Three studies provided information
about any breastfeeding at 2 months of
age or older®'5 The summary uni-
variable estimate for the 3 studies was
0.38 (95% Cl: 0.27—0.54; I> = 78%). Be-
cause only 2 of the studies provided
multivariable ORs,>'" meta-analysis to
obtain a summary multivariable esti-
mate was not performed.

Eight studies provided information
on exclusive breastfeeding of any du-
ration 571415262934 The ynivariable SOR
was 0.27 (95% Cl: 0.24—0.31; 1 = 87%)
(Fig 4). None of these studies provid-

*Refs 5-8, 10, 11, 14, 15, 17, 18, 24-30, and 34.
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ed multivariable ORs for exclusive
breastfeeding.

As noted previously, 5 studies failed to
meet 1 or more quality criteria.291619.52
A sensitivity analysis was conducted to
determine the SORs for any breast-
feeding with these 5 studies included.
The resulting univariable SOR was 0.49
(95% Cl: 0.45—0.53). The multivariable
SOR was 0.68 (95% Cl: 0.58—0.80).
These results are slightly higher than
the SORs that excluded the respective
studies.

DISCUSSION AND
RECOMMENDATIONS

Our meta-analysis of 18 studies re-
veals that breastfeeding to any extent
and of any duration is protective
against SIDS. The protective effect is
stronger for exclusive breastfeeding.
The summary multivariable OR sug-
gests that breastfeeding itself is pro-
tective and not merely a marker of
other potentially protective factors
such as the absence of smoke expo-
sure or sociodemographic factors.
Therefore, we recommend that moth-
ers breastfeed their infants as a poten-
tial way to reduce their risk of SIDS.
Ideally, breastfeeding should be exclu-
sive (ie, formula should not be given)
for at least4to 6 months and should be
continued until the infant is at least 1
year of age. Exceptions to this recom-
mendation include conditions under
which breastfeeding is contraindi-
cated, such as for infants whose moth-
ersuseillegal drugs.® This recommen-
dation is consistent with the American
Academy of Pediatrics policy state-
ment on breastfeeding and the use of
human milk, which endorses exclusive
breastfeeding to 6 months and contin-
uation for at least the first year of life.3

Some breastfeeding advocates have
expressed concern that promotion of
other factors shown in epidemiologic
studies to be protective against SIDS,
such as pacifier use and room-sharing
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FIGURE 2

Study or Subgroup log[] SE Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI
Bartholomew and MacArthur® (1988) ~ -0.67334 0.403828  2.0% 0.51[0.23-1.13] i
Biering-Sarensen et al™® (1978) -1.10866 0.298488  3.6%  0.33[0.18-0.59] -
Fleming et al'™ (1996) -0.69315 0.180442  9.8%  0.50 [0.35-0.71] -
Ford et al® (1993) -0.94161 0.153826 13.5%  0.39[0.29-0.53] -
Gilbert et al'* (1995) -0.73397 0.286481  3.9%  0.48[0.27-0.84] —
Grice and McGlashan® (1981) -0.91629 0.261898  4.7%  0.40[0.24-0.67] -
Hauck et al® (2003) -1.60944 0.280258  4.1% 0.20[0.12-0.35] -
Klonoff-Cohen and Edelstein®' (1995) ~ -0.84397 0.231851  6.0%  0.43[0.27-0.68] -
McGlashan® (1989) -0.3285 0.21923  6.7% 0.72[0.47-1.11] ]
Mitchell et al® (1997) -0.51083 0.275352  4.2% 0.60[0.35-1.03] ]
Murphy et al?® (1982) -0.61619 0319582  3.1%  0.54 [0.29-1.01] —
Naeye et al?® (1976) -0.26136  0.32047  3.1% 0.77[0.41-1.44] /1
Ponsonby et al'® (1995) -0.69315 0.341077  2.8%  0.50[0.26-0.98] -]
Protestos et al?” (1973) -1.27297 0.312188  3.3% 0.28[0.15-0.52] -
Schellscheidt et al'* (1997) -1.56065 0.372096  2.3%  0.21[0.10-0.44] I
Steele and Langworth? (1966) -0.94161 0.317841  3.2% 0.39[0.21-0.73] -
Vennemann et al” (2009) -1.66073 0.147913  14.6% 0.19[0.14-0.25] -
Wennergren et al'® (1997) -0.530268 0.18724  91%  0.59[0.41-0.85] -
Total (95% Cl) 100.0% 0.40 [0.35-0.44] (]
Heterogeneity: 42 = 57.66, df = 17 (P < .00001); 2= 71% 50_0 ; 0 ; ! 150 ; 00’

Test for overall effect: z = 16.35 (P <.00001)

Univariable analysis of any breastfeeding versus no breastfeeding.

Favors breastfeeding Favors not breastfeeding

FIGURE 3

Study or Subgroup log[] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl

Fleming et al'” (1996) 0.058269 0.317657 12.6%  1.06 [0.57-1.98] -

Hauck et al® (2003) 091629 0.319582 12.4%  0.40[0.21-0.75] —_—

Klonoff-Cohen and Edelstein® (1995) -0.89159812 0.3346305 11.4%  0.41[0.21-0.79] -

Mitchell et al® (1997) -0.07257 0.420337  7.2% 0.93[0.41-2.12] T

Ponsonby et al'® (1995) -0.15082 0.401245 7.9% 0.86[0.39-1.89] -

Vennemann et al” (2009) -0.84397 0.239354 22.2%  0.43[0.27-0.69] —

Wennergren et al® (1997) -0.693147  0.21979 26.3%  0.50 [0.33-0.77]

Total (95% Cl) 100.0% 0.55 [0.44-0.69] ¢

Heterogeneity: 32 = 10.08, df =6 (P = .12); 2= 40% Io.o ; 0 ; ! 150 ; oo’

Test for overall effect: z = 5.28 (P <.00001)

Multivariable analysis of any breastfeeding versus no breastfeeding.

Favors breastfeeding Favors not breastfeeding

FIGURE 4

Study or Subgroup log[] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Biering-Serensen et al’® (1978) 091629 0.324736  4.9%  0.40[0.21-0.76]

Ford et al® (1993) -1.89712 0130313 30.5%  0.15[0.12-0.19] -

Gilbert et al' (1995) -0.74149 030895 54% 0.48[0.26-0.87]

Grice and McGlashan? (1981) 091879 024995  83%  0.40[0.24-0.65] —_
Klonoff-Cohen and Edelstein®' (1995) -0.77436  0.2042 12.4%  0.46 [0.31-0.69] -

Mitchell et al® (1997) 043078 02325 9.6% 0.65[0.41-1.03] —

Steele and Langworth? (1966) -0.94161 0295269  59%  0.39[0.22-0.70] —_—
Vennemann et al” (2009) -1.60944 0.149946 23.0%  0.20[0.15-0.27] -

Total (95% Cl) 100.0% 0.27 [0.24-0.31] )
Heterogeneity: x2 = 54.32, df = 7 (P < .00001); /2 = 87% 0 o1 ol ] ! 150 ] ool

Test for overall effect: z=18.11 (P <.00001)

Univariable analysis of exclusive breastfeeding of any duration.
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without bed-sharing, is inconsistent
with promotion of breastfeeding. Al-
though some observational studies
have revealed an association between
pacifier use and decreased breast-
feeding duration,*®-%8 this association
was not borne out by several random-
ized clinical trials3®+" and 1 systematic
review.*2 The American Academy of Pe-
diatrics policy statements on breast-
feeding and the use of human milk3
and SIDS* both indicate that pacifiers
can be used by breastfed infants once
breastfeeding has been well estab-
lished. Mother-infant bed-sharing (or
sleeping in the same bed) is often pro-
moted as a way to increase breast-
feeding rates*: however, although
bed-sharing is associated with in-
creased breastfeeding duration, it is
unclear whether the practice of bed-
sharing increases the practice of
breastfeeding or if parents who
choose to breastfeed subsequently de-
cide to bed-share#” Room-sharing
without bed-sharing (sleeping in the
same room with the infant’s crib or
bassinet close to the parents’ bed) is
recommended for all infants as a way
to reduce the risk of SIDS and acciden-
tal suffocation while facilitating feed-
ing and monitoring of the infant.*3 One
study from the Netherlands revealed
that the benefits of breastfeeding do not
outweigh the increased risk of SIDS as-
sociated with bed-sharing.* Additional
studies to analyze the contribution of
multiple simultaneous factors (such as
bed-sharing and breastfeeding or paci-
fier use and breastfeeding) to SIDS risk
are needed.

Although causation cannot be proven
in case-control studies, on which these
results are based, the factors that
have been proposed to support causal-
ity in observational studies are found
in this meta-analysis: (1) consistent
findings; (2) strong association; (3)
dose-response effect; (4) causal factor
preceding the outcome; and (5) biolog-

6 HAUCK et al

ical plausibility.*® Although the studies
were from many different countries,
and heterogeneous populations were
represented, the individual ORs for
breastfeeding in relation to SIDS were
similar. The association between
breastfeeding and SIDS risk reduction
is strong, there is a dose response,
and the causal factor (ie, breastfeed-
ing) precedes the outcome. The pro-
tective effect of breastfeeding against
SIDS also has hiological plausibility.
Breastfed infants are more easily
aroused from active sleep than
formula-fed infants at 2 to 3 months of
age, which is within the 2- to 4-month
peak age during which SIDS occurs.*
Breastfeeding also confers immuno-
logic advantages over formula feeding
by providing immunoglobulins and cy-
tokines that may protect infants dur-
ing the vulnerable period for SIDS,
when their own production ofimmuno-
globulin G is low and their maternally
acquired levels are decreasing. Infants
who die from SIDS often have had a
minor infection in the days preceding
death that was not sufficient alone to
have caused death. These infections
may induce proinflammatory cyto-
kines that may cause respiratory or
cardiac dysfunction, fever, shock, hy-
poglycemia, and arousal deficits.”-0 Al-
though the possibility of reverse cau-
sality cannot be ruled out entirely (ie,
certain infants may be difficult to
breastfeed because of underlying
health conditions that may make them
more susceptible to SIDS), most SIDS
deaths occur in previously healthy in-
fants; therefore, it would not likely ac-
count for many of the SIDS deaths. An-
other potential concern is that
inadequate recall of breastfeeding dura-
tion may bias results. However, the time
to interview after the infant death in the
included studies was generally short.

The 2005 American Academy of Pediat-
rics policy statement on SIDS did not
endorse breastfeeding as a means to

reduce the risk of SIDS because of the
insufficient strength of evidence avail-
able at that time.* Although there
were several studies that had found a
protective effect of breastfeeding, af-
ter controlling for possible confound-
ing factors, the protective effect had
been eliminated for some, so clear
conclusions could not be drawn. Stud-
ies published since that statement,
which are included in our current
meta-analysis, notably the more de-
tailed analysis of Vennemann et al’
showed a strongly protective effect of
breastfeeding even after controlling
for confounders. The meta-analysis by
Ip et al?' consisted of many but not all
of the studies included in our current
analysis, and our findings were similar
to theirs. In the Ip et al analysis, ever
breastfeeding was associated with
crude and adjusted SORs of 0.41 (95%
Cl: 0.28—0.58) and 0.64 (95% Cl: 0.51—
0.81), respectively. The authors did not
report results for exclusive breast-
feeding or specific durations.

A potential limitation of our meta-
analysis is that studies from which sig-
nificant associations are reported may
be preferentially published, which
could result in an overestimate of the
true effect and could bias the results.??
[t is unlikely that this was the case for
several reasons. The breastfeeding re-
sults were all part of larger studies
that examined potential risk and pro-
tective factors for SIDS; thus, results
were published along with other find-
ings. There was some heterogeneity of
results, which indicates that results
were not selectively reported. Studies
published in languages other than Eng-
lish were included. Finally, we attend
international SIDS meetings regularly,
participate in SIDS organizations and
Listservs, and have frequent contact
with SIDS researchers around the
world; we are not aware of other un-
published studies that would contra-
dict these findings. A limitation identi-
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fied by this meta-analysis was the
small number of studies that pre-
sented data on breastfeeding dura-
tion, and when presented, there were
different ways in which duration was
defined, which made it difficult to pool
the results. This is an area that needs
further investigation.

CONCLUSIONS

There are many known benefits to
breastfeeding, and breastfeeding
should be recommended for all new-
born infants to enhance maternal and
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