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ABSTRACT
Background: Breastfeeding has beneficial effects on numerous
health outcomes.
Objectives: We investigated whether breastfeeding duration is
associated with the development of early childhood autoimmunity,
allergies, or obesity in a multinational prospective birth cohort.
Methods: Infants with genetic susceptibility for type 1 diabetes
(n = 8676) were followed for the development of autoantibodies to
islet autoantigens or transglutaminase, allergies, and for anthropometric measurements to a median age of 8.3 y (IQR: 2.8–10.2 y).
Information on breastfeeding was collected at 3 mo of age and
prospectively thereafter. A propensity score for longer breastfeeding
was calculated from the variables that were likely to influence any
or exclusive breastfeeding. The risks of developing autoimmunity
or allergy were assessed using Cox proportional hazards models,
and the risk of obesity at 5.5 y of age was assessed using logistic
regression with adjustment by the propensity score.
Results: Breastfeeding duration was not associated with a lower
risk of either islet or transglutaminase autoimmunity (any breastfeeding >6 mo, adjusted HR: 1.07; 95% CI: 0.96, 1.19; exclusive
breastfeeding >3 mo, adjusted HR: 1.03; 95% CI: 0.92, 1.15).
Exclusive breastfeeding >3 mo was associated with a decreased
risk of seasonal allergic rhinitis (adjusted HR: 0.70; 95% CI:
0.53, 0.92; P < 0.01). Any breastfeeding >6 mo and exclusive
breastfeeding >3 mo were associated with decreased risk of obesity

(adjusted OR: 0.62; 95% CI: 0.47, 0.81; P < 0.001; and adjusted OR:
0.68; 95% CI: 0.47, 0.95; P < 0.05, respectively).
Conclusions: Longer breastfeeding was not associated with a
lower risk of childhood (islet or transglutaminase) autoimmunity in
genetically at-risk children but was associated with decreased risk of
seasonal allergic rhinitis and obesity at 5.5 y of age.
Am J Clin
Nutr 2021;00:1–9.
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Introduction
Autoimmunity, allergy, and obesity are genetically and
environmentally determined (1–4) and their frequencies are
increasing in children (5–8). Changes in lifestyle and environmental factors in recent decades may contribute to the increased
frequencies of these disorders. Among modifiable lifestyle
factors in early childhood, breastfeeding is thought to have a
protective effect against numerous health outcomes, including
autoimmunity, allergic disease, and obesity (9).
The findings of beneficial effects of breast milk on autoimmunity are largely based on retrospective studies, which reported
reduced risks of type 1 diabetes and celiac disease with prolonged
breastfeeding (10, 11). However, prospective birth cohort studies
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Methods
Study population
The TEDDY study screened 424,788 newborns for type 1
diabetes–associated human leukocyte antigen (HLA) genotypes
between 2004 and 2010, of which 8676 children were enrolled
and followed up in 6 centers located in the United States, Finland,
Germany, and Sweden. The study design, eligibility, and methods
have been published in more detail elsewhere (6, 19). We used
data up to 31 December, 2017. Written informed consent was
obtained for all study participants from a parent or primary
caretaker, separately, for genetic screening and participation in
the prospective follow-up. The study was approved by local
institutional review boards and is monitored by an external
advisory board formed by the NIH.

Dietary assessment
Information on the infant’s diet during the first 3 mo of life
was collected by questionnaires at the first clinical visit at 3–
4 mo of age. The primary caretakers were asked whether the
infant was still receiving breast milk. If they responded “no,”
they were asked when breastfeeding was stopped or whether
the child had never been breastfed. If they responded “yes,”
the caretakers were asked to prospectively record the date when
breastfeeding was stopped in a booklet which was reviewed at
each clinical visit (every 3 mo ≤4 y of age). The definition of
exclusive breastfeeding included small amounts (<5 mL/d) of
nonnutritious drinks such as tea, water, and dietary supplements
(including vitamins and minerals, such as vitamin D). The
duration of any breastfeeding was the age at the last time the
child was breastfed. Breastfeeding included feeding breast milk
either at the breast and/or by bottle and feeding with the child’s
mother’s breast milk or donated breast milk (which was the case
in 45 children). The TEDDY study did not provide any specific
recommendations or advice on infant feeding to the families.

Assessment of outcomes
Autoimmunity.
Blood samples were obtained every 3 mo until 4 y of age
and biannually thereafter for the analysis of islet autoantibodies
[insulin-, glutamic acid decarboxylase- (GAD), and insulinoma
antigen-2 autoantibodies]. From 2 y of age and every year
thereafter, samples were tested for autoantibodies to tissue
transglutaminase (tTG). If a child tested positive at 2 y, earlier
blood samples that had been collected from birth onward were
also analyzed to determine the age at which tTG antibodies
first became detectable. Autoantibodies were measured by
radiobinding assays as previously described (20–22).
In this study, autoimmunity was defined as positivity for
islet autoantibodies and/or tTG autoantibodies. Positive for islet
autoantibodies was defined as positive for ≥1 islet autoantibody
in 2 reference laboratories on ≥2 consecutive visits. Positive for
tTG autoantibodies was defined as positive on ≥2 consecutive
visits. The date of seroconversion (time to first autoantibody) was
defined as the date on which the first of the 2 consecutive positive
samples was collected. For children who developed both islet and
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and meta-analyses failed to identify a protective association
conclusively (10–13), and 1 prospective study indicated that
breastfeeding for >12 mo may actually increase the risk of
celiac disease (14). Also, previous results from the TEDDY
(The Environmental Determinants of Diabetes in the Young)
study indicated that continued breastfeeding at the time of gluten
introduction may increase the risk of celiac disease–associated
autoimmunity (15).
Studies on the effects of breastfeeding on allergic disease have
also yielded inconsistent results (16, 17). Although there is more
convincing evidence for a protective association of breastfeeding
with overweight or obesity risk in later life, there is substantial
heterogeneity between studies (18). The heterogeneous effects of
breastfeeding are likely due to the many confounders that affect
both breastfeeding behavior and the outcomes of multifactorial
diseases, and to the retrospective design of most of these studies.
The TEDDY study is a large birth cohort study prospectively
following children with increased genetic susceptibility for
type 1 diabetes and celiac disease in the United States,
Finland, Sweden, and Germany for the development of islet and
transglutaminase autoantibodies (19), which represent the more
frequent manifestations of autoimmunity in childhood. It collects
detailed prospective information on environmental exposures and
childhood conditions, such as allergy, as well as demographic
and anthropometric data, such as growth. The study monitors
children for the earliest signs of autoimmunity and reports of
allergy, including reactions to food, pollen, plants, drugs, and
animals. Therefore, it is ideally suited to look for associations
between breastfeeding and disease in early childhood accounting
for variables affecting breastfeeding behavior. Here, we used
information from this unique cohort to investigate whether
breastfeeding is associated with the development of 3 different
childhood outcomes: autoimmunity, allergy, and obesity.

Breastfeeding and health outcomes in children

tTG autoantibodies, the date of seroconversion was defined as the
date of the first of the 2 autoantibody entities.

Allergy.

Obesity.
Anthropometric outcomes were assessed at 5.5 y of age at
the 66-mo visit or at the next closest visit between the ages of
54 and 72 mo, a range which corresponds to preschool age for
the children in all 4 countries. The height and weight of the
child were measured by trained personnel at the TEDDY clinics,
as previously described (23). Height and weight were used to
calculate BMI, which was transformed to SD score (SDS) values
using WHO reference values (24). SDS values < −5 or >5 were
deemed implausible and therefore excluded. BMI-SDS values
were used to define obesity (BMI-SDS >2).

Statistical analysis
Children were classified into different groups according to
any breastfeeding duration (≤6 mo and >6 mo) and exclusive
breastfeeding duration (≤3 mo and >3 mo), respectively. In a
sensitivity analysis, children were classified according to any
breastfeeding duration ≤12 mo and >12 mo.
The influence of several confounders which may affect
either the exposure (breastfeeding duration) or the outcomes
(autoimmunity, allergy, obesity) was controlled for by calculating
propensity scores, which were included in the final models instead of using conventional covariate adjustment. The propensity
score was defined as the probability of a child being breastfed
for a longer duration (i.e., any breastfeeding >6 mo, >12 mo in
the sensitivity analysis, or exclusive breastfeeding >3 mo), given
a set of pregnancy- and birth-related covariables known from
previous studies to affect breastfeeding duration. The propensity
scores were estimated as previously described (25), using a
logistic regression model in which these pregnancy- and birthrelated variables were included as covariates and any breastfeeding >6 mo (>12 mo in the sensitivity analysis) or exclusive
breastfeeding >3 mo as dependent variables. The following
covariates were included in the calculation of the propensity

score: country of origin, maternal diabetes during pregnancy (preexisting or gestational diabetes, yes/no), maternal prepregnancy
BMI, gestational weight gain [classified as inadequate, adequate,
or excessive according to Institute of Medicine guidelines (26)],
maternal smoking during pregnancy (yes/no), maternal age at
delivery, maternal education (high compared with middle/low),
parity (firstborn child yes/no), gestational age, birth weight,
and cesarean delivery (yes/no). The score resulting from the
ORs for each of the included variables in the model originally
ranged between 0 and 1; for interpretational purposes the score
was multiplied by the factor 10. To test how breastfeeding
groups were distributed across the propensity score ranges,
quartiles were calculated. The risks of developing islet- and/or
celiac disease–associated autoimmunity and allergy in each
breastfeeding category (i.e., any breastfeeding ≤6 mo compared
with >6 mo and exclusive breastfeeding duration ≤3 mo
compared with >3 mo, respectively, in the main analysis and
any breastfeeding ≤12 mo compared with >12 mo in the
sensitivity analysis) were computed using multivariable Cox
proportional hazards models for the any and exclusive breastfeeding categories and expressed as HRs with 95% CIs adjusted for
the propensity score. For the separate autoimmunity outcomes,
islet autoantibodies and tTG autoantibodies, competing risk
was accounted for by censoring children at the time of their
first autoimmune (either islet or tTG autoantibodies) event. In
the sensitivity analysis, Cox proportional hazards models were
computed for the outcomes insulin autoantibodies or GAD
autoantibodies as first appearing islet autoantibodies and Cox
proportional hazards models for the autoimmunity outcomes
were further adjusted for HLA genotype and having a first-degree
relative with type 1 diabetes or celiac disease. The risks of being
obese at 5.5 y of age by breastfeeding category were determined
by logistic regression, including the respective propensity score
as a covariate.
Several children developed the outcome islet autoimmunity or
allergy before 6 mo of age. To avoid bias by the fact that children,
who developed the outcome early, were breastfed longer and
were therefore in the longer breastfeeding category, sensitivity
analyses were performed excluding children who developed the
outcome during the first 3 mo (for the exclusive breastfeeding
analysis) or the first 6 mo (for the any breastfeeding analysis).
All analyses were carried out with SAS version 9.4 (SAS
Institute) and R version 3.6.3 (R Foundation for Statistical
Computing).

Results
Risks of developing childhood autoimmunity, allergy, and
obesity
At the time of the analysis, the children had been followed
to a median age of 8.3 y (IQR: 2.8–10.2 y). Information on
breastfeeding was available for 8615 of 8676 children (4255 girls)
(Table 1), including 6810 children with complete information
for the calculation of the propensity score. All children were
assessed for islet autoantibodies and allergies, 5968 for tTG
autoantibodies, and 4927 had anthropometric measurements at
5.5 y of age (Figure 1). Among children with breastfeeding data,
1677 developed autoimmunity (680 islet autoantibodies, 1132
tTG autoantibodies), 1266 developed allergy (577 food allergy,

Downloaded from https://academic.oup.com/ajcn/advance-article/doi/10.1093/ajcn/nqab065/6218071 by University of South Florida user on 20 April 2021

Information on the development of allergies during the first
3 mo was obtained at the first clinical visit at 3–4 mo of
age. The primary caretakers were asked whether the child had
developed any allergy. If they responded “yes,” the start date,
allergy type, and whether the allergy was confirmed by a health
care professional were recorded. The caretakers were asked to
prospectively record this information in the TEDDY booklet. The
booklets were reviewed at all future clinical visits. A positive
allergy outcome was defined as confirmation of the allergy by
a health care professional, and included the development of any
allergy, including food allergies, seasonal allergic rhinitis, drug,
animal, or other allergies. In addition, the outcomes food allergies
and seasonal allergic rhinitis were assessed separately. The start
date of the first allergy, the first food allergy, or seasonal allergic
rhinitis was used to indicate the time from birth to the event,
regardless of the development of further allergies.
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TABLE 1 Description of the study population1
Variable

n

Duration of any breastfeeding, mo
≤6
>6
Duration of exclusive breastfeeding, mo
≤3
>3
Females
Country
USA
Finland
Germany
Sweden
Maternal/birth-related variables
Maternal age at delivery, y
Maternal prepregnancy BMI, kg/m2
Excessive weight gain during pregnancy (yes)
Maternal diabetes during pregnancy (yes)
Maternal smoking during pregnancy (yes)
High maternal education (yes)
Preterm delivery (gestational age <37 wk)
Birth weight, g
Cesarean delivery (yes)
Firstborn child (yes)

3982 (46.4)
4594 (53.6)
8611
6699 (77.8)
1912 (22.2)
4255 (49.4)

8615
8615

3694 (42.9)
1825 (21.2)
580 (6.7)
2516 (29.2)
8615
8372
8300
8252
8373
7501
8601
8381
8610
7455

30 [27–34]
23.6 [21.3–27.0]
3985 (48.0)
836 (10.1)
1068 (12.8)
4110 (54.8)
477 (5.5)
3500 [3156–3840]
2235 (26.0)
3335 (44.7)

n = 8615.

378 seasonal allergic rhinitis), and 262 were obese at 5.5 y of
age. The cumulative risk of autoimmunity was 30.0% by 10 y
of age, with cumulative risks of 12.1% for islet autoantibodies
and 20.6% for tTG autoantibodies. The cumulative risk of any
allergy (including food allergies, seasonal allergic rhinitis, or

P

P

P

nts with breas

other allergies) by 10 y of age was 20.4%, with cumulative
risks of 9.1% for food allergy and 6.7% for seasonal allergic
rhinitis. The prevalence rate of being obese at 5.5 y was 5.3%.
A total of 18 children developed all 3 entities (Supplemental
Figure 1).

nts enrolled in TEDDY
n = 8676

nts with breas
n = 8615

eding data

eding data and complete data for propensity score
n = 6810

No tTG
screening
n = 842
Developed
islet

Developed
tTG

n = 680
(10.0%)

n = 1132 of 5968
(19.0%)

Developed autoimmunity
(islet and/or tTG
n = 1677 (24.6%)*

)

Developed
food allergy
n = 577 (8.5%)

Developed
seasonal allergy
n = 378 (5.6%)

Developed
allergy
n = 1266 (18.6%)

No BMI measurement
at the age of 5.5 ± 1.0
y, n = 1883

Developed
obesity
n = 2 6 2 o f 4 9 2 7 (5.3%)

FIGURE 1 Flowchart of the study population. ∗For the outcome autoimmunity, information on tTG autoantibodies was not available for 842 of 6810
children. TEDDY, The Environmental Determinants of Diabetes in the Young; tTG, tissue transglutaminase.
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1 Total

n (%)/median [IQR]

8576

5
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TABLE 2 Propensity score model: logistic regression model for the probability of any breastfeeding >6 mo or exclusive breastfeeding >3 mo
Any breastfeeding >6 mo
Variables

OR (95% CI)

P value

OR (95% CI)

P value

Reference
1.62 (1.40, 1.87)
1.35 (1.08, 1.69)
1.17 (1.03, 1.33)

<0.0001
<0.01
0.02

Reference
1.26 (1.07, 1.48)
2.92 (2.29, 3.71)
1.68 (1.46, 1.95)

<0.01
<0.0001
<0.0001

0.87 (0.72, 1.04)
1.04 (1.03, 1.05)
0.46 (0.39, 0.55)
0.95 (0.94, 0.96)
0.97 (0.83, 1.13)
0.78 (0.69, 0.88)
2.18 (1.94, 2.44)
1.01 (0.97, 1.05)

0.13
<0.0001
<0.0001
<0.0001
0.70
<0.0001
<0.0001
0.65

0.61 (0.48, 0.77)
1.01 (1.00, 1.03)
0.54 (0.43, 0.68)
0.96 (0.95, 0.98)
0.86 (0.73, 1.02)
0.75 (0.66, 0.86)
1.77 (1.55, 2.02)
1.07 (1.02, 1.13)

<0.0001
0.08
<0.0001
<0.0001
0.09
<0.0001
<0.0001
<0.01

0.69 (0.60, 0.78)
1.00 (1.00, 1.00)
0.92 (0.83, 1.03)

<0.0001
<0.0001
0.17

0.56 (0.48, 0.66)
1.00 (1.00, 1.00)
0.65 (0.58, 0.74)

<0.0001
<0.001
<0.0001

Propensity for prolonged breastfeeding duration
Table 2 shows propensity score models for any breastfeeding >6 mo and for exclusive breastfeeding >3 mo.
The propensity for any breastfeeding >6 mo or exclusive
breastfeeding >3 mo was increased in children from European
countries, in children of mothers with higher maternal age and
high education, and in children with increased birth weight.
Propensity for longer breastfeeding was decreased in children
of mothers who reported smoking during pregnancy, who had
a higher prepregnancy BMI, and who had excessive gestational
weight gain, and in children delivered by cesarean delivery.
In addition, the propensity for exclusive breastfeeding >3 mo
was increased in children with increasing gestational age and
decreased in children of mothers with diabetes during pregnancy
and in firstborn children. The proportion of children with longer
breastfeeding duration increased with every quartile of the
propensity score (Supplemental Table 1).

Breastfeeding and childhood autoimmunity
The duration of any and exclusive breastfeeding was not associated with the risk of autoimmunity (adjusted HR for any breastfeeding >6 mo: 1.07; 95% CI: 0.96, 1.19; P = 0.20 compared
with ≤6 mo; adjusted HR for exclusive breastfeeding >3 mo:
1.03; 95% CI: 0.92, 1.15; P = 0.63 compared with ≤3 mo)
(Table 3). Similarly, no significant associations were observed
when islet autoantibodies (adjusted HR for any breastfeeding >6
mo: 1.03; 95% CI: 0.88, 1.22; P = 0.69 compared with ≤6
mo; adjusted HR for exclusive breastfeeding >3 mo: 0.95; 95%
CI: 0.79, 1.14; P = 0.57 compared with ≤3 mo) (Table 3)
and tTG autoantibodies (adjusted HR for any breastfeeding >6
mo: 1.08; 95% CI: 0.95, 1.23; P = 0.24 compared with ≤6
mo; adjusted HR for exclusive breastfeeding >3 mo: 1.08; 95%
CI: 0.94, 1.24; P = 0.27 compared with ≤3 mo) (Table 3)
were analyzed separately and when insulin autoantibodies or
GAD autoantibodies as the first appearing autoantibodies were

analyzed (Supplemental Table 2). Results were similar when
adjusting for additional covariables that have been associated
with islet autoimmunity previously, such as HLA genotype or
having a first-degree relative with type 1 diabetes or celiac disease
(Supplemental Table 3), and when using 12 mo as a cutoff
for the any breastfeeding categories (Supplemental Table 4).
No child developed autoimmunity during the first 3 mo and
9 children developed islet autoantibodies between 3 and 6 mo
of age. Results were similar after excluding these children from
the analysis (Supplemental Table 5).
Results were also similar when analyzing whether breastfeeding duration was associated with the risk of developing
autoimmunity during the first 24 mo of age (Supplemental
Table 6).
Breastfeeding and allergy
Exclusive breastfeeding >3 mo was significantly associated
with a decreased risk of seasonal allergic rhinitis compared with
exclusive breastfeeding ≤3 mo (adjusted HR: 0.70; 95% CI:
0.53, 0.92; P = 0.01) (Table 4). Results were similar when
excluding 50 children who developed any allergy during the
first 3 mo (adjusted HR: 0.70; 95% CI: 0.52, 0.91; P < 0.05)
(Supplemental Table 7). Any breastfeeding duration was not
significantly associated with the risk of seasonal allergic rhinitis
[adjusted HR: 0.87; 95% CI: 0.70, 1.08; P = 0.19, for any
breastfeeding >6 mo (Table 4); and adjusted HR: 0.91; 95%
CI: 0.70, 1.19; P = 0.50, for any breastfeeding >12 mo
(Supplemental Table 4)], also after excluding children who
developed allergies during the first 6 mo (Supplemental Table 7).
Breastfeeding duration was not associated with the risk of food
allergy (adjusted HR for any breastfeeding >6 mo: 0.96; 95%
CI: 0.80, 1.15; P = 0.64 compared with ≤6 mo; adjusted HR
for exclusive breastfeeding >3 mo: 0.99; 95% CI: 0.81, 1.21;
P = 0.90 compared with ≤3 mo) (Table 4, Supplemental Tables
4, 7). Similarly, breastfeeding duration was not associated with
the risk of any first allergy (Table 4, Supplemental Tables 4, 7).
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Country
USA
Finland
Germany
Sweden
Pregnancy-related variables
Maternal diabetes during pregnancy (yes)
Maternal age at delivery, y
Maternal smoking during pregnancy (yes)
Maternal prepregnancy BMI, kg/m2
Inadequate gestational weight gain
Excessive gestational weight gain
High maternal education
Gestational age, wk
Birth-related variables
Cesarean delivery (yes)
Birth weight, g
Firstborn child (yes)

Exclusive breastfeeding >3 mo

6
1 Propensity score on the 10-fold probability for each individuum to be breastfed for >6 mo (any breastfeeding) or >3 mo (exclusive breastfeeding), respectively, based on logistic regression–derived
estimates of the following variables: country, maternal diabetes, maternal age, firstborn child, maternal education, maternal smoking during pregnancy, maternal prepregnancy BMI, gestational weight gain, birth
weight, cesarean delivery, and gestational age.

0.27
<0.01
Reference
1.08 (0.94, 1.24)
1.08 (1.03, 1.14)
Reference
1.03 (0.92, 1.15)
1.10 (1.06, 1.14)
5169
1641
6810

0.63
<0.0001

5169
1641
6810

Reference
0.95 (0.79, 1.14)
1.12 (1.05, 1.19)

0.57
<0.001

4484
1484
5968

0.24
<0.05
Reference
1.08 (0.95, 1.23)
1.05 (1.01, 1.09)
Reference
1.07 (0.96, 1.19)
1.06 (1.03, 1.09)
2751
4030
6781

0.20
<0.0001

2751
4030
6781

Reference
1.03 (0.88, 1.22)
1.07 (1.02, 1.12)

0.69
<0.01

2298
3653
5951

P value
HR (95% CI)
n
P value
HR (95% CI)
n
P value
HR (95% CI)
n
Variables

Any breastfeeding
≤6 mo
>6 mo
Propensity score1
Exclusive breastfeeding
≤3 mo
>3 mo
Propensity score1

t-Transglutaminase autoantibodies
Islet autoantibodies
Autoimmunity

Breastfeeding and obesity
The risk of obesity at 5.5 y of age was associated with
breastfeeding duration. Any breastfeeding for >6 mo and
exclusive breastfeeding for >3 mo were associated with a
decreased risk of obesity (any breastfeeding >6 mo, adjusted OR:
0.62; 95% CI: 0.47, 0.81; P < 0.001 compared with ≤6 mo;
exclusive breastfeeding >3 mo, adjusted OR: 0.68; 95% CI:
0.47, 0.95; P < 0.05 compared with ≤3 mo) (Table 5). Any
breastfeeding >12 mo was not associated with obesity risk
(Supplemental Table 4).

Discussion
Using data from the TEDDY study, we found that breastfeeding duration beyond 6 mo and exclusive breastfeeding longer
than 3 mo were not associated with protection from developing
autoimmunity associated with type 1 diabetes and celiac disease.
In contrast to autoimmunity, seasonal allergic rhinitis was less
frequent in children with longer exclusive breastfeeding and
obesity at 5.5 y was less frequent in children with longer any or
exclusive breastfeeding.
The finding that a longer duration of any or exclusive breastfeeding was not associated with a lower risk of autoimmunity
in genetically at-risk children supports results from smaller
national prospective studies (10, 27–30), whereas beneficial
effects of breast milk were reported from several retrospective
studies. Inconsistent results on the effect of breastfeeding on
islet- and celiac disease–associated autoimmunity are likely
due to differences in study design and differences in the
selection of the many confounders that affect breastfeeding
duration. In contrast to previous studies, we included a propensity
score for the probability of longer breastfeeding duration in
the multivariable models instead of conventional covariate
adjustment. This approach has been increasingly applied in
observational studies to avoid bias due to baseline characteristics
of the study participants (31). The propensity score was defined
as the probability of a child being breastfed for a longer duration,
given a set of pregnancy- and birth-related covariables known
from previous studies to affect breastfeeding duration. By the
inclusion of the propensity score in the multivariable model
we attenuated the risk of systematic differences in pregnancyor birth-related baseline characteristics between children in the
shorter and longer breastfeeding categories when estimating the
effect of breastfeeding on autoimmunity, allergy, and obesity.
Because breast milk is among the earliest environmental
factors to which children are exposed, it could be hypothesized
that its protective effect is limited to the early development of
autoimmunity. However, we did not observe any differences
in the association when analyzing the risk of developing
autoimmunity during the first 24 mo of age. Therefore, an agedependent association between breastfeeding and autoimmunity
risk is unlikely.
There is evidence that the association between breastfeeding
and allergy risk may depend on allergy type (32). Indeed, when
performing separate analyses for food allergies and seasonal
allergic rhinitis, which were the most commonly reported
allergies in our cohort, we observed that shorter exclusive
breastfeeding was associated with an increased risk of seasonal
allergic rhinitis but not with the risk of food allergies. The lack
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TABLE 3 Multivariate Cox proportional hazards model for autoimmunity (including islet- and/or celiac disease–associated autoimmunity), ≥1 islet autoantibodies, and tissue-transglutaminase autoantibodies
according to the duration of any and exclusive breastfeeding
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1 Propensity score on the 10-fold probability for each individuum to be breastfed for >6 mo (any breastfeeding) or >3 mo (exclusive breastfeeding), respectively, based on logistic regression–derived
estimates of the following variables: country, maternal diabetes, maternal age, firstborn child, maternal education, maternal smoking during pregnancy, maternal prepregnancy BMI, gestational weight gain, birth
weight, cesarean delivery, and gestational age.

0.01
<0.0001
5169
1641
6810
Reference
0.94 (0.81, 1.08)
0.87 (0.82, 0.91)
5152
1637
6789

0.35
<0.0001

5169
1641
6810

Reference
0.99 (0.81, 1.21)
0.96 (0.89, 1.03)

0.90
0.20

Reference
0.70 (0.53, 0.92)
0.83 (0.76, 0.91)

0.19
<0.05
Reference
0.87 (0.70, 1.08)
0.93 (0.88, 0.99)
2751
4030
6781
Reference
0.94 (0.83, 1.06)
0.96 (0.93, 1.00)
2739
4021
6760

0.28
<0.05

2751
4030
6781

Reference
0.96 (0.80, 1.15)
1.02 (0.97, 1.08)

0.64
0.38

HR (95% CI)
n
P value
HR (95% CI)
n
P value
HR (95% CI)
n
Variables

Any breastfeeding
≤6 mo
>6 mo
Propensity score1
Exclusive breastfeeding
≤3 mo
>3 mo
Propensity score1

Seasonal allergic rhinitis
Food allergy
Any allergy

TABLE 5 Multivariate logistic regression analysis of the risk of obesity at
5.5 y of age according to the duration of any and exclusive breastfeeding
Obesity
Variables
Any breastfeeding
≤6 mo
>6 mo
Propensity score1
Exclusive breastfeeding
≤3 mo
>3 mo
Propensity score1

n

OR (95% CI)

P value

1793
3122
4915

Reference
0.62 (0.47, 0.81)
0.78 (0.73, 0.84)

<0.001
<0.0001

3650
1277
4927

Reference
0.68 (0.47, 0.95)
0.65 (0.58, 0.74)

<0.05
<0.0001

1 Propensity score on the 10-fold probability for each individuum to be
breastfed for >6 mo (any breastfeeding) or >3 mo (exclusive
breastfeeding), respectively, based on logistic regression–derived estimates
of the following variables: country, maternal diabetes, maternal age,
firstborn child, maternal education, maternal smoking during pregnancy,
maternal prepregnancy BMI, gestational weight gain, birth weight, cesarean
delivery, and gestational age.

of a protective effect of breastfeeding on food allergy risk is
consistent with previous reports (32). In contrast, meta-analyses
on the effect of breastfeeding on seasonal allergic rhinitis were
inconclusive, probably owing to varying methods and outcome
definitions between studies (32, 33). Unlike meta-analyses, we
can exclude the possibility that differences in study design
between countries may have affected the associations. There
are several possible mechanisms that have been proposed on
how breastfeeding could protect from seasonal allergic rhinitis,
such as the modulation of gut microbiota, the maturation of the
immune system (32, 34), and beneficial effects of breastfeeding
on lung development (34).
We observed that longer breastfeeding duration was associated
with a reduced risk of obesity at 5.5 y of age after adjusting for
propensity score. This study further complements the available
evidence by showing a protective association of breastfeeding on
overweight risk in a multinational setting accounting for regional
differences in growth patterns (35) and breastfeeding behaviors
(36), in addition to childhood dietary intake, which has been
associated with overweight risk in the same cohort previously
(23).
This study has several strengths. It was performed in a
large number of children who were prospectively followed for
the development of islet and tTG autoantibodies using the
same protocol with documentation of breastfeeding duration,
anthropometric measurements, and allergies. This unique cohort
allowed us to assess the role of breastfeeding on childhood health
outcomes prospectively, including autoimmunity, allergies, and
becoming overweight, and to avoid some of the challenges often
encountered in meta-analysis of smaller studies, particularly
inconsistencies in study design and definitions of breastfeeding
and outcomes. In addition, the prospective and longitudinal
assessment of breastfeeding practices and outcomes enabled
us to evaluate reverse causation, which may be caused by
changes in breastfeeding practices as an effort to reduce disease
risk after notification of a positive autoantibody result or the
appearance of the first symptoms of food intolerance. Exclusion
of children with an outcome in the first months did not change
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TABLE 4 Multivariate Cox proportional hazards model for the risk of any allergy, any food allergy, and seasonal allergic rhinitis according to the duration of any and exclusive breastfeeding

P value
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Online Supplementary Table 1: Proportion of TEDDY children with any breastfeeding ≤6 months
compared to > 6 months and exclusive breastfeeding ≤ 3 months compared to > 3 months according
to their propensity score ‐ quartile.
Propensity score any breastfeeding >6 months
Any breastfeeding

Quartiles

Range of
Propensity score

≤6 months

>6 months

N

N (%)

N (%)

1

0.8‐4.7

1,695

1,133 (66.8)

562 (32.2)

2

4.7‐6.3

1,695

715 (42.2)

980 (57.8)

3

6.3‐7.4

1,695

566 (33.4)

1,129 (66.6)

4

7.4‐9.2

1,696

337 (19.9)

1,359 (80.1)

Propensity score exclusive breastfeeding >3 months
Exclusive breastfeeding

Quartiles

Range of
Propensity score

≤3 months

>3 months

N

N (%)

N (%)

1

0.2‐1.5

1,703

1,528 (89.7)

175 (10.3)

2

1.5‐2.3

1,702

1,413 (83.0)

289 (17.0)

3

2.3‐3.2

1,702

1,223 (71.9)

479 (28.1)

4

3.2‐7.0

1,703

1,005 (59.0)

698 (41.0)

1
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Online Supplementary Table 2: Cox proportional hazards model for insulin autoantibodies (IAA) and glutamic acid decarboxylase autoantibodies (GADA) as first
appearing islet autoantibodies according to the duration of any and exclusive breastfeeding.
IAA first
Variables

GADA first

n

HR (95% CI)

≤6 months

2,751

Reference

>6 months

4,030

1.16 (0.88, 1.52)

Propensity scorea

6,781

1.06 (0.98, 1.15)

≤3 months

5,169

Reference

>3 months

1,641

1.05 (0.79, 1.40)

Propensity scorea

6,810

1.08 (0.98, 1.20)

p‐value

N

HR (95% CI)

p‐value

2,751

Reference

0.30

4,030

1.01 (0.78, 1.30)

0.96

0.15

6,781

1.07 (0.99, 1.15)

0.08

5,169

Reference

0.75

1,641

0.96 (0.73, 1.26)

0.78

0.12

6,810

1.12 (1.02, 1.24)

<0.05

Any breastfeeding

Exclusive breastfeeding

Abbreviations: HR, hazard ratio; CI, confidence interval;
a

Propensity Score on the probability for each individuum to be breastfed for more than 6 months (any breastfeeding) or more than 3 months (exclusive

breastfeeding), respectively, based on logistic regression derived estimates of the following variables: country, maternal diabetes, maternal age, first‐born
child, maternal education, maternal smoking during pregnancy, maternal pre‐pregnancy BMI, gestational weight gain, birthweight, caesarean section, and
gestational age

2
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Online Supplementary Table 3: Multivariate Cox proportional hazards model for autoimmunity (including islet and/or celiac disease associated autoimmunity),
one or more islet autoantibodies and for tissue‐transglutaminase autoantibodies according to the duration of any and exclusive breastfeeding, adjusted for
propensity score for prolonged breastfeeding duration, HLA genotype and having a first‐degree relative with type 1 diabetes.
Autoimmunity

Variables

HR [95% CI]

Islet autoantibodies

p‐value

HR [95% CI]

t‐Transglutaminase autoantibodies

p‐value

HR [95% CI]

p‐value

Any breastfeeding
≤6 months

Reference

>6 months
a

Propensity score

Reference

Reference

1.08 (0.97, 1.20)

0.17

1.04 (0.88, 1.23)

0.67

1.09 (0.96, 1.24)

0.20

1.07 (1.03, 1.10)

<0.0001

1.08 (1.02, 1.13)

<0.01

1.06 (1.02, 1.10)

<0.01

Sex
Female

Reference

Male

0.76 (0.69, 0.84)

Reference
<0.0001

Reference

1.14 (0.98, 1.33)

0.09

0.62 (0.55, 0.70)

<0.0001

HLA Genotype
DR4‐DQ8/DR4‐DQ8

Reference

Reference

Reference

DR3‐DQ2/DR4‐DQ8

1.41 (1.22, 1.62)

<0.0001

1.30 (1.06, 1.60)

<0.05

1.39 (1.16, 1.66)

<0.001

DR3‐DQ2/DR3‐DQ2

2.24 (1.93, 2.61)

<0.0001

0.68 (0.52, 0.89)

<0.01

3.32 (2.77, 3.97)

<0.0001

other

0.63 (0.52, 0.76)

<0.0001

0.83 (0.65, 1.06)

0.14

0.37 (0.28, 0.50)

<0.0001

<0.0001

‐

Family history of autoimmunity
None

Reference

Family history of T1D

1.42 (1.23, 1.63)

Reference
<0.0001

2.11 (1.74, 2.56)

3

Family history of CD

1.96 (1.65, 2.34)

<0.0001

‐

2.42 (2.00, 2.92)

Reference

Reference

<0.0001

Exclusive breastfeeding
≤3 months

Reference

>3 months

1.00 (0.89, 1.12)

0.98

0.94 (0.79, 1.13)

0.53

1.04 (0.90, 1.19)

0.62

Propensity scorea

1.10 (1.06, 1.14)

<0.0001

1.12 (1.06, 1.20)

<0.001

1.08 (1.03, 1.13)

<0.01

Sex
Female

Reference

Male

0.78 (0.70, 0.85)

Reference
<0.0001

Reference

1.15 (0.99, 1.34)

0.07

0.63 (0.56, 0.70)

<0.0001

HLA Genotype
DR4‐DQ8/DR4‐DQ8

Reference

Reference

Reference

DR3‐DQ2/DR4‐DQ8

1.41 (1.22, 1.62)

<0.0001

1.30 (1.06, 1.60)

<0.05

1.39 (1.16, 1.66)

<0.001

DR3‐DQ2/DR3‐DQ2

2.24 (1.93, 2.60)

<0.0001

0.69 (0.53, 0.90)

<0.01

3.31 (2.77, 3.96)

<0.0001

other

0.64 (0.53, 0.77)

<0.0001

0.84 (0.66, 1.08)

0.17

0.38 (0.28, 0.50)

<0.0001

<0.0001

‐

Family history of autoimmunity
None

Reference

Family history of T1D

1.40 (1.22, 1.62)

<0.0001

2.10 (1.74, 2.55)

Family history of CD

1.95 (1.64, 2.32)

<0.0001

‐

2.39 (1.98, 2.89)

<0.0001

Abbreviations: HR, hazard ratio; CI, confidence interval
a

Propensity score on the 10‐fold probability for each individuum to be breastfed for more than 6 months (any breastfeeding) or more than 3 months (exclusive

breastfeeding), respectively, based on logistic regression derived estimates of the following variables: country, maternal diabetes, maternal age, first‐born
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child, maternal education, maternal smoking during pregnancy, maternal pre‐pregnancy BMI, gestational weight gain, birthweight, caesarean section, and
gestational age
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Online Supplementary Table 4: Multivariate Cox proportional hazards model for autoimmunity and allergy outcomes and multivariate logistic regression
analysis for obesity at 5.5 years of age according to any breastfeeding >12 months (Children, who developed the outcome during the first 12 months were
excluded).
Autoimmunity
Any breastfeeding

n

HR (95% CI)

≤12 months

5,247

Reference

>12 months

1,436

1.06 (0.95, 1.19)

Propensity scorea

6,683

1.06 (1.03, 1.09)

Islet autoantibodies
p‐value

n

HR [95% CI]

5,248

Reference

0.31

1,436

0.99 (0.82, 1.21)

<0.001

6,684

1.05 (1.00, 1.11)

Any Allergy
Any breastfeeding

n

HR (95% CI)

≤12 months

5,009

Reference

>12 months

1,371

0.99 (0.84, 1.17)

Propensity scorea

6,380

p‐value

N

HR (95% CI)

4,577

Reference

0.94

1,306

1.05 (0.92, 1.21)

0.46

<0.05

5,943

1.05 (1.02, 1.09)

<0.01

Food allergy
n

HR [95% CI]

5,139

Reference

0.95

1,405

1.01 (0.78, 1.31)

0.95 (0.91, 0.99)

<0.01

6,544

1.00 (0.94, 1.06)

p‐value

N

OR (95% CI)

p‐value

≤12 months

3,741

Reference

>12 months

1,174

1.00 (0.72, 1.37)

1.0

Propensity scorea

4,915

0.75 (0.70, 0.80)

<0.0001

Obesity
Any breastfeeding

t‐Transglutaminase autoantibodies

Abbreviations: HR, hazard ratio; OR, Odds ratio; CI, confidence interval

6

p‐value

Seasonal allergic rhinitis
p‐value

N

HR (95% CI)

p‐value

5,290

Reference

0.92

1,455

0.91 (0.70, 1.19)

0.50

0.93

6,745

0.94 (0.89, 1.00)

0.05

a

Propensity score on the 10‐fold probability for each individuum to be breastfed for more than 6 months (any breastfeeding) or more than 3 months (exclusive

breastfeeding), respectively, based on logistic regression derived estimates of the following variables: country, maternal diabetes, maternal age, first‐born
child, maternal education, maternal smoking during pregnancy, maternal pre‐pregnancy BMI, gestational weight gain, birthweight, caesarean section, and
gestational age
1
2
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Online Supplementary Table 5: Multivariate Cox proportional hazards model for the risk of autoimmunity (including islet and/or celiac disease associated
autoimmunity), one or more islet autoantibodies and for tissue‐transglutaminase autoantibodies according any breastfeeding duration after excluding nine
children who developed one or more islet autoantibodies during the first 6 months.
Autoimmunity
Variables

n

HR (95% CI)

≤6 months

2,747

Reference

>6 months

4,025

1.07 (0.96, 1.19)

Propensity scorea

6,772

1.06 (1.03, 1.10)

Islet autoantibodies
p‐value

n

HR (95% CI)

2,874

Reference

0.20

4,025

1.04 (0.88, 1.23)

<0.001

6,772

1.07 (1.02, 1.12)

t‐Transglutaminase autoantibodies
p‐value

N

HR (95% CI)

p‐value

2,294

Reference

0.68

3,650

1.08 (0.95, 1.23)

0.25

<0.01

5,944

1.05 (1.01, 1.09)

<0.05

Any breastfeeding

Abbreviations: HR, hazard ratio; CI, confidence interval
a

Propensity score on the 10‐fold probability for each individuum to be breastfed for more than 6 months (any breastfeeding) based on logistic regression

derived estimates of the following variables: country, maternal diabetes, maternal age, first‐born child, maternal education, maternal smoking during
pregnancy, maternal pre‐pregnancy BMI, gestational weight gain, birthweight, caesarean section, and gestational age
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Online Supplementary Table 6: Multivariate Cox proportional hazards model for the risk of autoimmunity (including islet and/or celiac disease associated
autoimmunity), one or more islet autoantibodies and for tissue‐transglutaminase autoantibodies during the first 24 months of age according to any and
exclusive breastfeeding duration.
Autoimmunity
Variables

n

HR (95% CI)

Islet autoantibodies
p‐value

n

HR [95% CI]

t‐Transglutaminase autoantibodies
p‐value

n

HR (95% CI)

p‐
value

Any breastfeeding
≤6 months

2,751

Reference

>6 months

4,030

0.96 (0.78, 1.17)

Propensity scorea

6,781

1.05 (0.99, 1.12)

5,169

Reference

1,641

0.98 (0.78, 1.22)

6,810

1.15 (1.07, 1.24)

2,751

Reference

2,298 Reference

0.67

4,030

0.94 (0.72, 1.24)

0.67

3,653 0.93 (0.69, 1.25)

0.63

0.08

6,781

1.11 (1.02, 1.20)

<0.05

5,951 0.98 (0.90, 1.07)

0.67

5,169

Reference

0.84

1,641

1.08 (0.81, 1.45)

0.61

1,484 0.87 (0.62, 1.21)

0.41

<0.001

6,774

1.14 (1.03, 1.27)

<0.05

5,968 1.13 (1.01, 1.27)

<0.05

Exclusive breastfeeding
≤3 months
>3 months
Propensity score

a

4,484 Reference

Abbreviations: HR, hazard ratio; CI, confidence interval
a

Propensity score on the 10‐fold probability for each individuum to be breastfed for more than 6 months (any breastfeeding) based on logistic regression

derived estimates of the following variables: country, maternal diabetes, maternal age, first‐born child, maternal education, maternal smoking during
pregnancy, maternal pre‐pregnancy BMI, gestational weight gain, birthweight, caesarean section, and gestational age
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Online Supplementary Table 7: Multivariate Cox proportional hazards model for the risk of any allergy, any food allergy and seasonal allergic rhinitis according
to any and exclusive breastfeeding duration after excluding children who developed any allergy during the first 3 months or 6 months respectively.
Any Allergy
Variables

n

HR (95% CI)

≤6 months

2,681

Reference

>6 months

3,962

0.98 (0.86, 1.11)

Propensity scorea

6,643

0.95 (0.92, 0.99)

Food allergy
p‐value

n

HR [95% CI]

2,681

Reference

0.72

3,962

1.00 (0.83, 1.22)

<0.01

6,643

1.00 (0.95, 1.06)

5,125

Reference

Seasonal allergic rhinitis
p‐value

n

HR (95% CI)

p‐value

2,666

Reference

0.97

3,951

0.88 (0.70, 1.10)

0.25

0.98

6,643

0.93 (0.88, 1.00)

<0.05

5,125

Reference

Any breastfeeding

Exclusive breastfeeding
≤3 months

5,125

Reference

>3 months

1,635

0.95 (0.83, 1.10)

0.52

1,635

1.03 (0.84, 1.26)

0.79

1,635

0.70 (0.53, 0.92)

<0.05

Propensity scorea

6,760

0.87 (0.82, 0.91)

<0.0001 6,760

0.96 (0.89, 1.03)

0.22

6,760

0.84 (0.76, 0.92)

<0.001

Abbreviations: HR, hazard ratio; CI, confidence interval;
a

Propensity score on the 10‐fold probability for each individuum to be breastfed for more than 6 months (any breastfeeding) or more than 3 months (exclusive breastfeeding),

respectively, based on logistic regression derived estimates of the following variables: country, maternal diabetes, maternal age, first‐born child, maternal education, maternal
smoking during pregnancy, maternal pre‐pregnancy BMI, gestational weight gain, birthweight, caesarean section, and gestational age
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Online Supplementary Figure 1. Numbers of children with autoimmunity, allergy, and/or
obesity.
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