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OBJECTIVEdTo investigate if there is a reduced risk of type 1 diabetes in children breastfed or
exclusively breastfed by performing a pooled analysis with adjustment for recognized confounders.
RESEARCH DESIGN AND METHODSdRelevant studies were identiﬁed from literature
searches using MEDLINE, Web of Science, and EMBASE. Authors of relevant studies were asked
to provide individual participant data or conduct prespeciﬁed analyses. Meta-analysis techniques
were used to combine odds ratios (ORs) and investigate heterogeneity between studies.
RESULTSdData were available from 43 studies including 9,874 patients with type 1 diabetes.
Overall, there was a reduction in the risk of diabetes after exclusive breast-feeding for .2 weeks
(20 studies; OR = 0.75, 95% CI 0.64–0.88), the association after exclusive breast-feeding for .3
months was weaker (30 studies; OR = 0.87, 95% CI 0.75–1.00), and no association was observed
after (nonexclusive) breast-feeding for .2 weeks (28 studies; OR = 0.93, 95% CI 0.81–1.07) or
.3 months (29 studies; OR = 0.88, 95% CI 0.78–1.00). These associations were all subject to
marked heterogeneity (I2 = 58, 76, 54, and 68%, respectively). In studies with lower risk of bias,
the reduced risk after exclusive breast-feeding for .2 weeks remained (12 studies; OR = 0.86,
95% CI 0.75–0.99), and heterogeneity was reduced (I2 = 0%). Adjustments for potential confounders altered these estimates very little.
CONCLUSIONSdThe pooled analysis suggests weak protective associations between exclusive breast-feeding and type 1 diabetes risk. However, these ﬁndings are difﬁcult to interpret
because of the marked variation in effect and possible biases (particularly recall bias) inherent in
the included studies.
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hildhood type 1 diabetes is caused
by the autoimmune destruction of
the pancreatic b-cells. The increases
in type 1 diabetes incidence in recent decades (1) and the concordance rate of
,50% in monozygotic twins (2) suggests a role for environmental factors in
the development of diabetes. The proportional greater relative increases in incidence in children ,5 years old (1)
indicates that environmental exposures
in early life, such as infant feeding, could
play an important role.
In 1994, a meta-analysis (3) concluded that breast-feeding for a short period reduced the risk of type 1 diabetes by
40%, but another meta-analysis in 1996
(4), largely containing the same studies,
concluded that the weak reduction in diabetes risk after breast-feeding was small
and may have methodological explanations. However, both these meta-analyses
had limitations. The associations with
type 1 diabetes (extracted from published
studies) were based upon categorized
durations of breast-feeding, which differed between studies. Furthermore, in
these meta-analyses, it was not possible
to adjust the association between breastfeeding and type 1 diabetes consistently
for potential confounders (factors such as
maternal age, birth weight, and maternal
diabetes that were associated with both
diabetes risk and the propensity to breastfeed). Also, studies that recorded breastfeeding results but did not report them in
sufﬁcient detail were excluded, potentially
exaggerating any breast-feeding association
through reporting bias. These weaknesses
were largely because both were literaturebased meta-analyses (based only upon
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Breast-feeding and childhood type 1 diabetes

RESEARCH DESIGN AND
METHODS
Literature search
The main literature search was conducted
using MEDLINE through Ovid Online.
The search was adapted from a previous
study (6) and comprised search terms for
infant feeding consisting of text words
(including breast fed, breast feed, breast
feeds, breast feeding, breast milk, bottle
fed, bottle feed, bottle feeds, bottle feeding, infant feed, infant feeds, infant feeding, infant nutrition, formula fed, formula
feed, formula feeds, formula feeding, infant diet, infant diets, dried milk, and
early nutrition) or MEDLINE subject
heading key words (including breast

feeding, bottle feeding, milk, human, infant food, and infant formula) and terms
for type 1 diabetes including the text
words (IDDM or [diabetes and type 1])
or the MEDLINE subject heading key
word “diabetes mellitus, type 1.” Similar
searches were conducted on Web of Science and EMBASE. The searches were
limited to studies on humans published
after January 1996 [to avoid overlap with
two previous meta-analyses (3,4)] up to 1
May 2011. No language restrictions were
applied. Titles and then abstracts were
screened independently by two investigators
(C.R.C. and C.C.P.) to establish if the
studies were likely to provide relevant
data based on the following inclusion criteria: 1) they identiﬁed a group with type
1 diabetes and a group without type 1
diabetes, and 2) they recorded breastfeeding in these groups. Studies were excluded if they contained ,20 patients
with diabetes or if they were family-based
(because the association between infant
feeding and type 1 diabetes may be different in individuals with a strong genetic
susceptibility). The corresponding author of each included article was asked
if they were aware of any additional
studies.
The corresponding author of each
study was contacted to provide individual
participant data to allow breast-feeding to
be consistently categorized across studies,
standardize adjustment of the association
with breast-feeding for potential confounders (including maternal diabetes,
birth weight, gestational age, maternal
age, birth order, Caesarean section, and
socioeconomic status), and include data
from studies that did not report detailed
ﬁndings. Authors were requested to provide raw data or to provide adjusted
estimates of the association between
breast-feeding and type 1 diabetes after
conducting speciﬁed additional analyses.

Details of each study were extracted
by one reviewer (C.R.C.) and agreed with
the study author.
Statistical analysis
A two-stage technique was used to calculate pooled estimates of the association
between breast-feeding and diabetes, before and after adjustment for potential
confounders (7). Odds ratios (ORs) and
SEs were calculated for the association between diabetes and breast-feeding within
each study. Unconditional and conditional logistic regression was used to calculate the ORs and SEs for the unmatched
and matched case-control studies, respectively. In cohort studies with varying
length of participant follow-up, rate ratios
and their SEs were used instead of ORs,
which were not directly calculable. As
type 1 diabetes is a rare disease, these
measures should be approximately equal.
In one study (8) with a zero cell count for
an exposure category, a correction was
added to obtain an estimate and SE for
use in the meta-analysis. In another study,
an additional adjustment was always
made for the perinatal cohort entry score
to reﬂect the study design (9). Finally, in
studies for which no author could be contacted or data were not available, if possible, required estimates were extracted
from published reports. Meta-analysis
techniques were then applied to these estimates. Tests for heterogeneity between
studies were conducted and randomeffects models used to calculate pooled
ORs. Random-effects models were used,
instead of ﬁxed-effects models, because
between-study heterogeneity was anticipated from these observational studies.
The I2 statistic was calculated to quantify
the degree of heterogeneity between studies. Small study effects (possibly due to
publication bias) were investigated by
checking for asymmetry in funnel plots

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

Medicine, National Taiwan University Hospital,
Taipei, Taiwan; the 16Paediatric Epidemiology
Group, University of Leeds, Leeds, U.K.; the
17
Mathematics and Statistics Department, Lancaster
University, Lancaster, U.K.; the 18Second University
Department of Pediatrics, National and Kapodistrian University of Athens School of Medicine,
Athens, Greece; the 19Department of Public Health
and Epidemiology, Riga Stradins University, Riga,
Latvia; the 20University Campus Bio-Medico, Rome,
Italy; the 21Institute of Endocrinology of Lithuanian University of Health Science, Kaunas, Lithuania; the 22Department of Paediatrics, Medical
University of Vienna, Vienna, Austria; the 23Department of Social Sciences and Communication,
University of Salento, Lecce, Italy; the 24School of
Medicine, Institute of Epidemiology, Belgrade

2216

DIABETES CARE, VOLUME 35, NOVEMBER 2012

University, Belgrade, Serbia; the 25Faculty of
Medicine, Institute of Health and Society, University of Oslo, Oslo, Norway; the 26Department
of Paediatrics, Oslo University Hospital, Oslo,
Norway; the 27Nutrition and Metabolic Diseases
Clinic, N. Paulescu Institute of Diabetes, Bucharest, Romania; the 28Clinique Pédiatrique
Luxembourg, Luxembourg City, Luxembourg;
the 29Medical Statistics Team, University of
Aberdeen, Aberdeen, U.K.; the 30Cancer Epidemiology Unit, University of Oxford, Oxford, U.K.
; the 31Hospital for Children and Adolescents,
University of Helsinki, Helsinki, Finland; the
32
Murdoch Children’s Research Institute, The
Royal Children’s Hospital, Melbourne, Australia;
the 33Paediatrics Department, Ain Shams University,
Cairo, Egypt; and the 34Faculty of Nutrition

Sciences and Food Technology, Shahid Beheshti
University of Medical Sciences and Health Services, Tehran, Iran.
Corresponding author: Chris R. Cardwell, c.cardwell@
qub.ac.uk.
Received 5 March 2012 and accepted 9 May 2012.
DOI: 10.2337/dc12-0438
This article contains Supplementary Data online at
http://care.diabetesjournals.org/lookup/suppl/
doi:10.2337/dc12-0438/-/DC1.
A slide set summarizing this article is available online.
© 2012 by the American Diabetes Association.
Readers may use this article as long as the work is
properly cited, the use is educational and not for
proﬁt, and the work is not altered. See http://
creativecommons.org/licenses/by-nc-nd/3.0/ for
details.

care.diabetesjournals.org

Downloaded from http://diabetesjournals.org/care/article-pdf/35/11/2215/611782/2215.pdf by guest on 30 September 2022

reported associations in published studies) rather than collaborative meta-analyses
or pooled analyses (using individual
participant data from included studies
after contacting authors of articles containing relevant data) (5). Since the publication of these two meta-analyses, many
additional observational studies have investigated breast-feeding and type 1 diabetes, allowing a new meta-analysis to be
conducted on an independent group of
more recent studies.
The aim of this study was to assess the
evidence of an association between duration of breast-feeding (and exclusive
breast-feeding) and type 1 diabetes using
collaborative meta-analysis techniques
from observational studies published
since 1996. Importantly, this pooled
analysis includes individual participant
data, allowing consistent categorization of
breast-feeding across studies and adjustment for potential confounders such as
maternal age, birth weight, and maternal
diabetes and will also include studies
investigating breast-feeding but not reporting detailed results.

Cardwell and Associates

RESULTS
Search results
The results from the literature search are
shown in Supplementary Fig. 1. Brieﬂy,
initial searches identiﬁed 238 articles
from MEDLINE, 393 from Web of Science, and 609 from EMBASE. Of these,
40 articles contained relevant data from
47 studies, as information from 7 centers
was taken from 1 article (11) and information from 2 centers was taken from another
(12). An investigator from each of the 47
studies was invited to provide raw data (or
estimates from prespeciﬁed analyses). Estimates were obtained from 43 of the 47
identiﬁed studies covering 95% (9,874 of
10,390) of potential patients with type 1
diabetes. Individual patient data were obtained from 27 of these studies, 8 supplied
prespeciﬁed estimates, in 8 studies data
could be extracted from published reports,
and 4 studies could not be included.
Characteristics of included studies
Table 1 contains the characteristics of the
43 studies from which relevant data were
obtained (see Supplemental Data for full
list of included articles). Of these, 40 were
care.diabetesjournals.org

case-control studies, and 3 were cohort
studies. Twenty-eight studies were from
Europe, and in 24 studies, cases were
identiﬁed using a national or local diabetes register. Thirty-seven studies ascertained
breast-feeding data using questionnaires
or interviews, and in the majority,
breast-feeding data were recalled many
years after the birth of the child.
Overall ﬁndings for any
(nonexclusive) breast-feeding
The associations between any (nonexclusive) breast-feeding and type 1 diabetes
from the 43 studies (including 9,874
patients with type 1 diabetes) are shown
in Fig. 1 and Table 2. Initially, an analysis
was conducted investigating any recorded
duration of breast-feeding (the breastfeeding duration used in this analysis
for each study is shown in Fig. 1).
Overall, in studies which investigated
any measure of breast-feeding, there was
a reduction in the risk of type 1 diabetes in
breast-fed children of 18% (OR = 0.81,
95% CI 0.72–0.92; P , 0.001). There
was, however, marked heterogeneity between studies (I2 = 63%; heterogeneity
P , 0.001). Restricting this analysis to
studies with a low risk of bias (due to
high response rates and randomly selected
population-based controls, as shown in
Table 1), there was no evidence of an association (OR = 1.00, 95% CI 0.89–1.11;
P = 0.93) and little evidence of heterogeneity (I2 = 1%; heterogeneity P = 0.51).
Analyses were also conducted in subgroups of studies recording breast-feeding
of ;2 weeks’ duration or more (see Fig. 1
for exact duration of breast-feeding used in
each study) and ;3 months duration or
more (see Table 1 for exact duration of
breast-feeding used in each study). In 28
studies, there was little evidence of any
difference in the risk of type 1 diabetes
in children breast-fed for ;2 weeks or
more compared with ,2 weeks (OR =
0.93, 95% CI 0.81–1.07; P = 0.32), but
again there was heterogeneity between
studies (I 2 = 54%; heterogeneity P ,
0.001). This heterogeneity was reduced
in 15 studies with a low risk of bias (I2 =
8%; heterogeneity P = 0.37), but the overall ﬁnding was little altered (OR = 1.00,
95% CI 0.87–1.15; P = 0.99). In 29 studies, there was also little evidence of a reduction in the risk of type 1 diabetes in
children breast-fed for ; 3 months or
more compared with children breast-fed
for ,3 months (OR = 0.88, 95% CI
0.78–1.00; P = 0.05), but the heterogeneity between studies persisted (I2 = 68%;

heterogeneity P , 0.001). Repeating this
analysis in 15 studies with a low risk of
bias showed no evidence of an association
(OR = 0.99, 95% CI 0.86–1.14; P = 0.92)
and slightly less, though still signiﬁcant,
heterogeneity (I2 = 48%; heterogeneity
P = 0.02). Funnel plots (not shown) provided little evidence of asymmetry (potentially caused by publication bias).
Finally, an analysis was conducted in
the following approximate categories of
(nonexclusive) breast-feeding: ,2 weeks,
2 weeks to 4 months, 4–6 months, and
.6 months. In 24 studies with available
data, when compared with children
breast-fed for ,2 weeks children breastfed for 2 weeks to 4 months had a 4%
reduction in diabetes risk (OR = 0.96,
95% CI 0.83–1.12), children breast-fed
for 4–6 months had a 5% reduction in diabetes risk (OR = 0.95, 95% CI 0.78–1.15),
and children breast-fed for .6 months
had a 6% reduction in diabetes risk (OR =
0.94, 95% CI 0.76–1.17), though none of
these differences were signiﬁcant. These
ﬁndings were similar when restricted to
13 studies with a low risk of bias.
Additional analyses (shown in Supplementary Table 2) in subgroups of studies deﬁned by geographic region
(European, non-European) and low and
high incidence rate countries (,15 cases
of type 1 diabetes per 100,000 personyears and .15 per 100,000 person-years,
respectively) did not reveal any marked
differences in association.
There was little evidence of a difference in the association between childhood type 1 diabetes and (nonexclusive)
breast-feeding in early diagnosed diabetes
(i.e., ,5 years old) and later diagnosed
diabetes (i.e., between 5 and 15 years
old) in studies in which both age groups
were available (shown in Supplementary
Table 3). Speciﬁcally, in 22 studies, the
OR for breast-feeding for ;2 weeks or
more was 0.84 (95% CI 0.65–1.08) in
early diagnosed disease and 0.95 (95%
CI 0.82–1.11) for later diagnosed disease.
Similarly, in 23 studies, the OR for breastfeeding for ;3 months or more was 0.86
(95% CI 0.69–1.08) in early diagnosed
disease and 0.90 (95% CI 0.79–1.02) for
later diagnosed disease.
Supplementary Table 1 shows the
ﬁndings for (nonexclusive) breast-feeding
for ;2 weeks or more after adjustment for
potential confounders. The association
between type 1 diabetes and breast-feeding
was little altered after individual adjustment
for maternal diabetes, birth weight, gestational age, maternal age, birth order,
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of the study ORs against one over the SE
of the logarithm of the ORs.
Similar methods were conducted to
pool adjusted estimates. First, adjusted
estimates and SEs were calculated within
each study using regression models appropriate to the study design including
diabetes as the outcome variable and breastfeeding and the potential confounder(s)
of interest as explanatory variable(s). Metaanalysis techniques were then applied to
these adjusted estimates.
The analysis was initially conducted
based upon a priori categorizations of nonexclusive and exclusive breast-feeding $2
weeks versus breast-feeding ,2 weeks
and was repeated for nonexclusive breastfeeding $3 months versus breast-feeding
,3 months in which these data or similar
were available. Subgroup analyses were
also conducted including only studies
with a low risk of bias based upon high
response rates (.70%) in both cases and
controls and the use of randomly selected
population-based controls. Subgroup analysis was also performed by age at diagnosis
of diabetes, geographic region, and incidence rate based upon a published summary of worldwide incidence (10).
All statistical analyses were performed using STATA 11.0 (Stata, College
Station, TX).
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16

?
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Hospital attendance (?)
Hospital attendance (?)

Peru

Hospital admission [ICD
diabetes code] (1963–1999)
Pavia type 1 diabetes register
(1988–2000)
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7–14

0–19

84

54

96

0–14 288

?

?
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f

Hospital admission (1999
0–15 121 95
to 2000)
Prince Edward Island diabetes
register (2001–2004)
0–23 52
86
Nationwide hospital-based
surveillance (1992–1995) 0–4 760
71

31

0–19 376

National health institute
treatment data (1995–2006) 0–12

Kuwait childhood diabetes
register (1983–2003)

Hospital outpatient’s clinic (?) 0–16 170

Taiwan
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C-C

0–16

Age
at dx
Response
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First author,
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excluding chronic
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194
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?
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?
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R
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Q (0)
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R

?

R
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I (0)
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ff 7 weeks

ex 4 months
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Continued on p. 2219
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4 months

4 months
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3 months

3 months

Cutoff used
Cutoff used
in 3 month
Method of data in 3 months
Response collectionc breast-feeding exclusive breastfeeding analysise
analysis
rate (%) (delay years)
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Design

First author,
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(referencea)

Iran

Hospital attendance (?)

0–14
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?
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0–10 203

?
100

410
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?

0–14 130

0–14

0–14 491

0–15 283

0–15 509

0–15 196

0–15 292

0–16 105

0–14 666

1–14 276

0–14 738

0–22 102

87

Age
at dx
Response
(years) nb rate (%)

School-based urine screening
program and questionnaire 0–18 269
(1992–1997)

Attending hospital (?)
Czech childhood diabetes
Czech Republic register (1996–2000)
Pediatric referral center
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admission (?)
Danish register of childhood
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diabetes (1996–1999)
Belgrade Hospital admission
Serbia
(1994–1997)
14 regional type 1 diabetes
China
incidence registers
(1985–1998)
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England
Lancashire diabetes
clinics (1998)
Sweden
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Norwegian Childhood
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diagnosed)

Type 1 diabetes
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Norwegian population
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Population registerd
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Surgery patients (hospital)
Danish population register
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Controls
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204

1,557
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?
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?
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?
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R
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Q (0–16)

Q (0–18)
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Continued on p. 2220
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3 months

3 months

3 months

3 months

3 months

4 months

4 months

3 months

4 months

3 months

ex 2 months

Cutoff used
Cutoff used
in 3 month
Method of data in 3 months
Response collectionc breast-feeding exclusive breastfeeding analysise
analysis
rate (%) (delay years)
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Northern
Ireland

Romania

C-C

C-C

C-C

Sardinia

Hospital attendance (?)

British Pediatric Association
Surveillance Unit (1992)

Norwegian Childhood
Diabetes Registry
(1989–1998)
National diabetes register
(1986–1989)
Yorkshire Childhood Diabetes
Register (1993 to 1994)
Vienna type 1 diabetes register
(1989–1994)
W. Bulgaria type 1 diabetes
register (1991–1994)
Latvian type 1 diabetes register
(1989–1994)
Lithuanian type 1 diabetes
register (1989–1994)
Luxembourg type 1 diabetes
register (1989–1995)
Northern Ireland type 1
diabetes register
(1990–1992)
Bucharest type 1 diabetes
register (1989–1994)
Diabetes association/hospital
admission (1995)
82

216

0–15 100

0–5

0–19 344

81

?

89

91

74

79

0–14 182

0–14

100

94

73
99

92
89

94

94

58

0–14

0–14 112

0–14 125
0–14 140

0–15 220
0–14 101

0–14 435

0–14

Age
at dx
Response
(years) nb rate (%)

Hospital (age, sex)

Preschools and schools
(age)d
Unclear (neighborhood,
sex, age)
Health Authority
Immunization Register
(age, sex)d

100

320

345

277

459

?

70

100

81

64

95

173

Preschools and
schools (age)d
General practice

73

262

Policlinics (age)d

79
79

82
80

435
317

433
349

General practice (age, sex)d
Schools (age, sex)d

85

73

Q (0–15)

Q (0–5)

I (0–19)

Q (0–14)

Q (0–14)

Q (0–14)

Q (0–14)

Q (0–14)
Q (0–14)

Q (0–15)
Q (0–14)

Q (0–14)

Q (1–17)

3 months

4 months

3 months

3 months

3 months

3 months

3 months
3 months

3 months
3 months

3 months

ff 3 months

ex 4 months

ex 4 months

ex 3 months

ex 3 months

ex 3 months

ex 3 months

ex 3 months
ex 3 months

ex 3 months
ex 3 months

ff 3 months

ex 3 months

Cutoff used
Cutoff used
in 3 month
Method of data in 3 months
Response collectionc breast-feeding exclusive breastfeeding analysise
analysis
rate (%) (delay years)

Schools and
policlinics (age)d
Population register (age)d

386

1,055

nb

Norwegian population
registryd
Finnish Population
Registry (birth date, sex)d

Source (matching
criteria, where used)

Controls

C-C, case-control; dx, diagnosis; ex, exclusive breast-feeding; ff, formula-fed; I, interview questionnaire; Q, postal questionnaire; R, medical or maternity records; Resp, response. aSupplemental Data contains
a corresponding reference list for included studies. bNumber included in analysis of breast-feeding. cMethod of breast-feeding data collection (range of delay from birth to breast feeding data collection). dLow risk of bias
study. eApproximate cutoffs for other analyses used in each study shown in Figs. 1 and 2. fNot applicable.

Meloni, 1997
(R36)

United
Kingdom

Brazil

Luxembourg

C-C

Gimeno, 1997
(R34)
C-C
Wadsworth,
1997 (R35) C-C

Lithuania

C-C

Bulgaria
Latvia

EURODIAB,
1999 (R33) C-C
C-C

Finland

Norway

England
Austria

C-C

Stene, 2000
(R30)

Country

Hyppönen,
2000 (R31) C-C
McKinney,
1999 (R32) C-C
C-C

Design

Ascertainment
method (year cases
diagnosed)

Type 1 diabetes
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Figure 1dPooled analysis of association between (nonexclusive) breast-feeding and childhood-onset type 1 diabetes in studies investigating ;2
weeks (nonexclusive) breast-feeding and studies investigating any measure of breast-feeding.
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2222

40 (2–63)
47 (15–67)
67 (49–78)

67 (52–77)
58 (30–74)
76 (66–83)

38.11 (0.03)
43.55 (0.006)
69.28 (,0.001)
0.60
0.59
0.57

7,621 0.74 (0.64–0.84) ,0.001
96.22 (,0.001)
4,388 0.75 (0.64–0.88)
0.001
45.10 (0.001)
7,312 0.87 (0.75–1.00)
0.06
122.64 (,0.001)
33
20
30

ref. cat., reference category; wks, weeks; mos, months. aFor approximate categories used in each study, see Fig. 1 (for any nonexclusive breast-feeding and nonexclusive breast-feeding for 2 weeks) and Fig. 2 (for any
exclusive breast-feeding and exclusive breast-feeding for 2 weeks) and Tables 1 and 2 (for any nonexclusive for 3 months or exclusive breast-feeding for 3 months). bNumber of studies. cAny measure of breast-feeding or
exclusive breast-feeding versus none. dStudies with low risk of bias indicated by footnote in Table 1. eLess than 2 week category and ,3 month category includes no breast-feeding. fLess than 2 week category and ,3
month category includes no exclusive breast-feeding.

6 (0–59)
0 (0–58)
43 (0–70)
12.84 (0.38)
11.07 (0.44)
23.00 (0.03)
0.09
0.04
0.15
13
12
13

2,187 0.89 (0.78–1.02)
1,918 0.86 (0.75–0.99)
2,190 1.13 (0.96–1.33)

8 (0–46)
0 (0–57)
55 (16–76)
13.06 (0.37)
7.02 (0.86)
26.75 (0.01)
0.77
0.38
0.52

1 (0–53)
8 (0–44)
48 (6–71)
15.20 (0.51)
15.16 (0.37)
27.00 (0.02)
0.93
0.99
0.92

1.00 (0.89–1.11)
1.00 (0.87–1.15)
0.99 (0.86–1.14)
1.00 (ref. cat.)
1.03 (0.86–1.22)
1.09 (0.90–1.32)
1.09 (0.83–1.44)
2,918
2,343
2,334
2,045
16
15
15
13
63 (48–73)
54 (29–70)
68 (53–78)
0.001 112.16 (,0.001)
0.32
58.32 (,0.001)
0.05
87.10 (,0.001)

0.81 (0.72–0.92)
0.93 (0.81–1.07)
0.88 (0.78–1.00)
1.00 (ref. cat.)
0.96 (0.83–1.12)
0.95 (0.78–1.15)
0.94 (0.76–1.17)
9,874
6,798
6,683
6,185
43
28
29
24

Nonexclusive
breast-feedinga
Any vs. nonec
$2 vs. ,2 wkse
$3 vs. ,3 mose
,2 wkse
2 wks–4 mos
4–6 mos
.6 mos
Exclusive breast-feedinga
Any vs. nonec
$2 vs. ,2 wksf
$3 vs. ,3 mosf

Heterogeneity
x2 (P value) I2 in % (95% CI)
P value
OR (95% CI)
Nb

Cases

OR (95% CI)

P value

Heterogeneity
x2 (P value)

I2 in % (95% CI) Nb

Cases

Studies with low risk of biasd
All studies
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Caesarean section delivery, or socioeconomic status, where possible. There
was also little change in the estimate
when adjustment for all available variables
simultaneously was conducted.
Overall ﬁndings for exclusive
breast-feeding
Similar analyses were conducted for the associations between exclusive breast-feeding
and type 1 diabetes (investigated by 33
studies including 7,621 patients with type
1 diabetes) that are shown in Fig. 2 (which
contains the duration of exclusive breastfeeding used in each study) and Table 1.
Overall, in studies which investigated any
measure of exclusive breast-feeding, there
was a reduction in the risk of type 1 diabetes in exclusively breast-fed children
of 26% (OR = 0.74, 95% CI 0.64–0.84;
P , 0.001), but there was marked heterogeneity between studies (I2 = 67%; heterogeneity P , 0.001). When restricting this
analysis to 13 studies with a low risk
of bias, the association was no longer signiﬁcant (OR = 0.89, 95% CI 0.78–1.02;
P = 0.09), and there was less heterogeneity
(I2 = 6%; heterogeneity P = 0.38).
As before, analysis was conducted in
subgroups of studies recording ;2 weeks
or more (see Fig. 1 for deﬁnition) and ;3
months or more of exclusive breast-feeding
(see Table 1 for deﬁnition). In 20 studies, children exclusively breast-fed for ;2
weeks or more had a 25% reduction in
their risk of type 1 diabetes (OR = 0.75,
95% CI 0.64–0.88; P = 0.001) compared
with children exclusively breast-fed for
,2 weeks, but there was marked heterogeneity between studies (I2 = 58%; heterogeneity P , 0.001). This association
was slightly attenuated but remained significant in 12 studies with a low risk of bias
(OR = 0.86, 95% CI 0.75–0.99; P = 0.04),
but in these studies, there was less heterogeneity (I2 = 0%; heterogeneity P = 0.44).
There was less evidence of a reduction in
diabetes risk (in 30 studies) in children exclusively breast-fed for ;3 months or more
(OR = 0.87, 95% CI 0.75–1.00; P = 0.06)
compared with children exclusively breastfed for ,3 months but there was marked
heterogeneity (I2 = 76%; heterogeneity
P , 0.001). In 13 studies with a low
risk of bias, the heterogeneity remained
(I2 = 43%; heterogeneity P = 0.03), and
there was little evidence of an association
(OR = 1.13, 95% CI 0.96–1.33; P = 0.15).
Insufﬁcient data were available to conduct
an analysis of exclusive breast-feeding in
ﬁner duration categories. Funnel plots for
these associations (not shown) provided
care.diabetesjournals.org
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Table 2dPooled analyses of the association between breast-feeding and childhood-onset type 1 diabetes in all studies and in studies with a lower risk of bias
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Figure 2dPooled analysis of association between exclusive breast-feeding and childhood-onset type 1 diabetes in studies investigating ;2 weeks
exclusive breast-feeding and studies investigating any measure of exclusive breast-feeding.
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Breast-feeding and childhood type 1 diabetes

CONCLUSIONSdThis pooled analysis
suggests that breast-feeding exclusively
in the early weeks of life could reduce
the risk of childhood onset type 1 diabetes
by 15%, based upon the highest quality
studies. This pooled analysis provides
little evidence that longer exclusive or
nonexclusive breast-feeding has a protective effect. However, ﬁrm conclusions are
difﬁcult to reach because of the marked
heterogeneity in the observed associations
between studies and the weaknesses inherent in many of the included studies. The
observed association between exclusive
breast-feeding and type 1 diabetes could
not be explained by confounding from
established risk factors for diabetes including maternal diabetes, birth weight,
gestational age, maternal age, birth order,
or Caesarean section delivery.
This is, to our knowledge, the ﬁrst
pooled analysis of individual participant
data on breast-feeding and diabetes. The
main strengths of using individual participant data in this study was that it allowed
2224

analysis to be conducted in similar categories of breast-feeding duration between studies and enabled adjustment of
associations for various confounders.
This analysis contains data from 43 studies and includes 9,874 patients with type
1 diabetes allowing the power to identify
associations of relatively small magnitude. Also, the analyses beneﬁted from
coverage of 95% of eligible cases from
studies identiﬁed by the comprehensive
search strategies. However, it remains
possible that studies with relevant data
were not identiﬁed by the searches. A
weakness of this pooled analysis was that
the majority of studies were questionnairebased case-control studies, and their
ﬁndings are based upon breast-feeding
information usually recalled over many
years, potentially resulting in recall and
other biases. There were only two cohort
studies (8,9) that prospectively recorded
breast-feeding at 2 weeks and 3 months,
but these contained relatively few patients
with type 1 diabetes, 31 and 24 cases, respectively. Consequently, there is a need
for further studies prospectively or
routinely recording breast-feeding in
early life. Although attempts were made
to identify studies with lower risk of
bias (with higher response rates and randomly selected population-based controls), even in these studies, response
rates varied, and in many, recall bias is
possible. As with all observational studies, it is impossible to rule out the effect
of unmeasured confounding, for example,
by other infant food intake.
The association between breast-feeding
and type 1 diabetes differed markedly
between studies. This could reﬂect real
differences in the association in different
populations or biases speciﬁc to each
study. In studies with a low risk of bias,
less heterogeneity was observed, allowing
more conﬁdence to be placed on the
resulting pooled estimates.
The ﬁndings of our pooled analysis of
individual participant data differ from
two published literature-based metaanalyses (3,4). The ﬁrst meta-analysis
(3) (containing studies conducted prior
to 1994) demonstrated a reduction in diabetes risk of 30% with breast-feeding .3
months, and a 35% reduction with exclusive breast-feeding for .3 months. The
second meta-analysis (containing studies
conducted prior to 1996, many of which
were in the ﬁrst meta-analysis) demonstrated a reduction in diabetes risk of
20% with breast-feeding for 3 months
and 40% for exclusive breast-feeding for

DIABETES CARE, VOLUME 35, NOVEMBER 2012

.3 months (4). In our pooled analysis,
there was little evidence of any reduction
in the risk of diabetes after 3 months of
breast-feeding (exclusive or nonexclusive).
Unfortunately, neither of the two earlier
meta-analyses presented estimates for
breast-feeding in the ﬁrst 2 weeks of life
to allow comparison with our results.
Both these meta-analyses were largely
based upon questionnaire-based casecontrol studies, and the second metaanalysis (4) highlighted that the observed
association could reﬂect methodological
weaknesses, particularly recall bias. The
authors suggested that mothers of children with diabetes may more critically remember occasions when they deviated
from the breast-feeding recommendations
of health care personnel (4). As previously
discussed, the majority of studies included
in this pooled analysis were questionnairebased case-control studies and would also
be subject to this bias.
In 2007, the Agency for Healthcare
Research and Quality reviewed the evidence of the effect of breast-feeding on
type 1 diabetes (13). However, the report
did not contain a meta-analysis because
their searches identiﬁed only 6 studies
after 1996 (up to 2007) when the previous meta-analyses were conducted, in
contrast to the 43 studies included in our
pooled analysis between 1996 and 2011.
The estimated OR of 0.75 for any breastfeeding for 3 months from the Agency for
Healthcare Research and Quality report
(13) (based solely on the two previous
meta-analyses) has since been used to estimate the cost-effectiveness of breastfeeding in the U.S. (14). Our results would
suggest that this OR of 0.75 may overestimate any protective effect against type 1
diabetes and that consequently the costeffectiveness of breast-feeding with respect to type 1 diabetes could also be
exaggerated. A recent narrative review (15)
commenting on the effects of breast-feeding
and complementary feeding noted that
the associations were controversial and
that contradictory outcomes had been observed. Studies have also been conducted
into b-cell autoimmunity and breast-feeding,
but the results have been mixed, with
some studies observing protective effects
of breast-feeding, whereas others have observed no association [see Knip et al. (15)
for references].
This pooled analysis suggests that
initial exclusive breast-feeding may reduce diabetes risk, indicating that the
introduction of formula feeding may explain any association. The responsible
care.diabetesjournals.org
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little evidence of asymmetry (potentially
caused by publication bias).
Additional analyses (shown in Supplementary Table 2) in subgroups of
studies deﬁned by geographic region (European, non-European) and incidence
rates of type 1 diabetes (low incidence,
high incidence) did not reveal any
marked differences in association.
As before, a comparison of the associations with exclusive breast-feeding by
early diagnosed diabetes (i.e., ,5 years old)
and later diagnosed diabetes (i.e., between
5 and 15 years old) showed little evidence
of a difference in studies in which both age
groups were available (shown in Supplementary Table 3). Speciﬁcally, in 18 studies, the OR for exclusive breast-feeding for
;2 weeks or more was 0.73 (95% CI 0.58–
0.91) in early diagnosed disease and 0.75
(95% CI 0.60–0.95) for later diagnosed
disease. Similarly, in 24 studies, the OR
for exclusive breast-feeding for ;3 months
or more was 0.86 (95% CI 0.71–1.03) in
early diagnosed disease and 0.90 (95% CI
0.76–1.05) for later diagnosed disease.
Supplementary Table 1 shows the
ﬁndings for exclusive breast-feeding
for ;2 weeks or more after adjustment
for potential confounders. The association between type 1 diabetes and exclusive breast-feeding was little altered
after adjustment for any of these confounders individually, where possible, or
when adjustments were conducted for all
available confounders simultaneously.
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mechanism is unclear, but researchers
have speculated (15) that breast-feeding
could protect against type 1 diabetes risk
by increasing gut permeability; previous
studies have shown that gut permeability
decreases faster in breastfed children (16)
or by reducing the risk of enterovirus infections (17), which have been associated
with increased diabetes risk (18). Alternatively, any increased risk of diabetes associated with formula feeding could reﬂect
early exposure to a variety of cow’s milk
proteins [studies have shown children
with type 1 diabetes have increased concentrations of antibodies to dietary antigens (19)], modiﬁcation of the gut
microﬂora (15), and increased weight
gain in early life [although one study suggested that any effect of breast-feeding
was independent of weight gain (20)].
In our analysis, an association was only
observed for initial exclusive breastfeeding (for $2 weeks) but not for exclusive breast-feeding for $3 months.
This distinction may be real or could
reﬂect the relatively accurate maternal
recall of initial breast-feeding but less
accurate recall of the duration of feeding, as previously suggested (3). If early
introduction of formula feeding is responsible then ongoing efforts to investigate alternative formula, such as the
Trial to Reduce Insulin-dependent Diabetes Mellitus in the Genetically at Risk (21),
may be productive.
In conclusion, our pooled analysis
suggests that children who are initially
exclusively breast-fed have a small reduction in their risk of type 1 diabetes. This
ﬁnding is difﬁcult to interpret because the
associations varied markedly between
studies and because the results are based
primarily upon questionnaire-based casecontrol studies, which could have been
affected by recall and other biases.

