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TYPE 1 DIABETES MELLITUS (DM)
is a chronic disease of un-
known etiology with a preclini-
cal phase characterized by au-

toimmunity against pancreatic islet
cells.1,2 A genetic susceptibility is well
documented3 and an environmental in-
fluence is assumed.4 The autoimmu-
nity that precedes type 1 DM can ap-
pear in the first years of life, suggesting
that environmental agents encoun-
tered early in life could be triggers of
the disease process.5 Notably, the early
introduction of cow’s milk and short
duration of breastfeeding have been re-
ported to be associated with increased
risk of type 1 DM.6,7 These findings have
created substantial scientific and pub-
lic interest and have led to several claims
that a variety of proteins in cow’s milk
are immunogenic determinants of type
1 DM.8-11 However, prospective stud-
ies in genetically selected children have
not found an association,12-14 or found
only a weak association,15 between
breastfeeding duration or timing of ex-
posure to cow’s milk and islet autoim-
munity, indicating that an antigenic ba-
sis for the association between type 1
DM and cow’s milk is unlikely.16

The food antigen gluten is an immu-
nological trigger and the driving anti-
gen of the autoimmunity found in ce-
liac disease.17,18 It is first encountered

relatively early in life, most com-
monly around age 6 months. Changes
in the timing of gluten exposure as well
as the dose of early exposure have been
suggested, but not proven, to modify
the risk of celiac disease.19-22 Gluten also
has been suggested to play a role in type
1 DM. The increased association be-
tween type 1 DM and celiac disease,23

the reduced prevalence of type 1 DM
autoimmunity after gluten depriva-
tion in patients with celiac disease,24 and
the reduced incidence of autoimmune
diabetes in the nonobese diabetic mouse

receiving a gluten-free diet25 are some
of the evidence supporting this claim.

The present study investigates
whether dietary habits in the first year
of life modify risk for the development
of type 1 DM-associated islet autoanti-
bodies and celiac disease–associated au-
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Context Dietary factorsmodifyingtype1diabetesmellitus (DM)riskhavebeenproposed,
but little is known if they trigger the islet autoimmunity that precedes clinical disease.

Objective To determine whether breastfeeding duration, food supplementation, or
age at introduction of gluten-containing foods influences the risk of developing islet
autoantibodies.

Design and Setting Prospective natural history cohort study conducted from 1989
to 2003 in inpatient/outpatient clinics in Germany.

Participants The BABYDIAB study follows newborn children of parents with type 1
DM. Eligibility requirements were met in 1610 children. Blood samples were obtained
at birth, age 9 months, 2, 5, and 8 years. Dropout rate was 14.4% by age 5 years.
Breastfeeding data were obtained by prospective questionnaires (91% complete), and
food supplementation data were obtained by family interview (72% for food supple-
mentation and 80% for age of gluten introduction).

Main Outcome Measure Development of islet autoantibodies (insulin, glutamic
acid decarboxylase, or IA-2 antibodies) in 2 consecutive blood samples.

Results Life-table islet autoantibody frequency was 5.8% (SE, 0.6%) by age 5
years. Reduced total or exclusive breastfeeding duration did not significantly increase
the risk of developing islet autoantibodies. Food supplementation with gluten-
containing foods before age 3 months, however, was associated with significantly
increased islet autoantibody risk (adjusted hazard ratio, 4.0; 95% confidence interval,
1.4-11.5; P=.01 vs children who received only breast milk until age 3 months). Four
of 17 children who received gluten foods before age 3 months developed islet auto-
antibodies (life-table 5-year risk, 24%; SE, 10%). All 4 children had the high-risk
DRB1*03/04,DQB1*0302 genotype. Early exposure to gluten did not significantly
increase the risk of developing celiac disease–associated autoantibodies. Children who
first received gluten foods after age 6 months did not have increased risks for islet or
celiac disease autoantibodies.

Conclusion Ensuring compliance to infant feeding guidelines is a possible way to
reduce the risk of development of type 1 DM autoantibodies.
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toantibodies in prospectively followed
children of parents with type 1 DM. The
study specifically asks whether timing
of exposures to breast milk, milk for-
mula, solid foods, or gluten-containing
foods is associated with an increased
prevalence of autoantibodies by age 5
years.

METHODS
Participants

BABYDIAB prospectively follows off-
spring from birth of mothers and/or fa-
thers with type 1 DM. Venous blood
samples and collection of question-
naires data were taken at birth, at age
9 months, and 2, 5, 8, and 11 years.5

Recruitment into the study began in
July 1989 and ended in November
2000. Follow-up (collection of blood
samples and questionnaires) contin-
ued until July 2003. A total of 1709 off-
spring were recruited at birth and 1610
participated in the 9-month follow-up
thereby meeting eligibility criteria.
These offspring included 1010 new-
borns from mothers with type 1 DM,
572 newborns from fathers with type
1 DM, and 28 newborns from 2 par-
ents with type 1 DM. At the time of
analysis ( July 2003), the cumulative
dropout rate was 7.2% by age 2 years
and 14.4% by age 5 years. Islet auto-
antibodies were measured in blood
samples from all scheduled visits and
yearly after developing islet autoanti-
bodies. HLA DR and DQ genotypes
were determined in 1367 offspring. The
median follow-up time was 6.5 years
(range, 9 months to 12.5 years) for a
total of 9773 subject-years. Antibod-
ies to tissue transglutaminase C
(tTGCA) were measured in blood
samples from 1161 offspring. Written
informed consent was obtained from
the parents. The study was approved by
the ethical committee of Bavaria, Ger-
many (Bayerische Landesärztekam-
mer No. 95357).

Dietary Questionnaires
and Interviews
Families were asked to complete ques-
tionnaires at birth, age 9 months, and
2 years with respect to breastfeeding.

In the questionnaires, mothers were
asked when non–breast milk food
supplements were introduced into the
child’s diet (exclusive breastfeeding du-
ration) and when breastfeeding was dis-
continued (total breastfeeding dura-
tion). Families also were asked to keep
food records. Families subsequently
were contacted by telephone between
September 2001 and December 2001
and asked to supply information from
their food records. Parents were asked
what food supplements (milk-based and
solid foods) were given to their child
before age 3 months, and when gluten-
containing foods (foods containing
wheat, rye, barley, or oat, including
breads, biscuits, cakes, porridge, pasta,
and flour products) first were given to
the child. As a control, parents also were
asked to recall the duration of exclu-
sive and total breastfeeding. In all in-
terviews the interviewers were un-
aware of the responses provided in the
prospectively collected question-
naires and of the autoantibody status
of the families, whereas parents previ-
ously had been informed of the auto-
antibody status of their child.

Autoantibody Testing
Insulin autoantibodies (IAA), glu-
tamic acid decarboxylase autoantibod-
ies (GADA), and insulinoma anti-
gen-2 (IA-2) were determined by
radiobinding assays as described pre-
viously.5,26 The upper limits of normal
corresponded to the 99th percentile of
control children5 and corresponded to
25 units/mL for glutamic acid decor-
boxylase (GAD), antibodies and 4
units/mL for IA-2 antibodies from the
World Health Organization, and 1.5 lo-
cal units/mL for IAA. Using these
thresholds for positivity, the assays had
sensitivities and specificities of 80% and
94% (GAD antibodies), 58% and 100%
(IA-2 antibodies), and 30% and 98%
(IAA) in the First Diabetes Autoanti-
body Standardization Program profi-
ciency evaluation.27 Measurement of
IgA-tTGCA by radiobinding assay and
IgA endomysial antibodies by indirect
immunofluorescence was performed as
described previously.28 The 99th per-

centile level in control children with-
out DM and celiac disease was used to
define positive tTGCA results. All mea-
surements were performed on coded
samples that were operator blinded.

HLA Typing
HLA class II alleles HLA-DRB1, HLA-
DQA1, and HLA-DQB1 were deter-
mined using polymerase chain react-
ion–amplified DNA and nonradioactive
sequence-specific oligonucleotide
probes as described previously.29

Statistical Analysis
Time to event methods were used to cal-
culate risks (life-table analysis) and to
compare outcome for participants with
different covariate categories (Cox pro-
portional hazards model). Positive out-
come was defined as 1 or more autoan-
tibodies in at least 2 consecutive blood
samples. Status in children with auto-
antibodies in one sample and no subse-
quent sample for confirmation was con-
sidered a negative result. The age of onset
of islet autoantibody positivity was de-
fined as the age at the first positive sample
result. Analyses considered censoring in
losses to follow-up and in participants
with antibody negative status at the fol-
low-up visit age of their last antibody
negative sample result. The following di-
etary variables were analyzed: (1) the du-
ration of breastfeeding (categorized as 0
weeks, 0.1-3 months, 3.1-6 months, �6
months, and unknown); (2) the dura-
tion of exclusive breastfeeding (catego-
rized as 0 weeks, 0.1-3 months, 3.1-6
months, �6 months, and unknown); (3)
the foods supplemented to the child’sdiet
in the first 3 months of life (categorized
as no food supplementation [breast milk
only], supplementation with milk-
based foods only, supplementation with
solid foods that did not contain gluten,
supplementation with gluten-contain-
ing foods, and unknown); and (4) the
child’s age at introduction of gluten-
containing foods (categorized as �3
months, 3.1-6 months, �6 months, and
unknown). Hazards ratios (HRs) were
calculated using Cox proportional haz-
ards model. Hazard ratios in Cox pro-
portional hazards model were adjusted
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for the potential confounder variables
maternal type 1 DM, early gestation age
at delivery (�36 weeks, corresponding
to the 10th percentile of the study
cohort), low birth weight of child
(�2700g, corresponding to the10thper-
centile of the study cohort), and the re-
gion of Germany in which the child lived
(former East Germany or former West
Germany). These data were obtained for
all 1610 children from questionnaires at
birth and age 9 months. The propor-
tional hazards assumption in the Cox
model was tested by examining the log
minus log plot of each covariate for par-
allel curves, and by using a time-
dependent Cox regression that in-
cluded the covariate in question and the
interaction between time and that co-
variate. This interaction was not signifi-
cant for all covariates indicating that the
hazards were proportional. Time to event
analyses were performed when the
sample size was estimated to have 80%
power (2-tailed � of .05) to detect an HR
of 1.6 for reduced breastfeeding dura-
tion. This estimate was based on a
preliminary analysis in 1999 that
observed an exposure rate of 50% for
breastfeeding less than 3 months and a
cumulative5-year islet autoantibodycon-
version rate of 6%,14 and on a previous
meta-analysis of type 1 DM risk and
breastfeeding duration that reported an
HR of 1.6 in children with reduced
breastfeeding.7

Analysis of autoantibody status and
diet also was performed by the 2-tailed
Fisher exact test after classification of
children into islet autoantibody results
of positive or negative by age 2.5 years.
The Mann-Whitney U test was used to
compare breastfeeding duration, gesta-
tion age, and birth weight between
groups. The introduction of gluten-
containing foods was cross analyzed with
the duration of exclusive breastfeed-
ing, and the breastfeeding duration re-
ported at interview was compared with
those provided prospectively in ques-
tionnaires using the Pearson correla-
tion coefficient. All P values are 2-tailed
(P=.05). All statistical analyses were per-
formed using the Statistical Package for
Social Science (SPSS Inc, Chicago, Ill).

RESULTS
Questionnaire and Interview
Responses
The total number of children enrolled in
the study was 1610. For islet autoanti-
bodies, breastfeeding data from prospec-
tive questionnaires were obtained for
1460 children (90.7%) and were un-
known in 150 children (9.3%). Of these,
food supplementation in the first 3
months of life was obtained from tele-
phone interview in 1282 children (80%
of enrolled children) and were un-
known in 328; all 1282 children who
provided food supplementation data
also provided prospective breastfeed-
ing data. The age at introducing gluten-
containing foods was recorded and re-
trieved in 1153 of these children (71.6%
of enrolled children) and were un-
known in 457. For each variable, chil-
dren with incomplete data did not dif-
fer significantly with children with
complete data with respect to their year
of birth, mean follow-up time, and fre-
quency of islet autoantibodies. As a vali-
dation of the food introduction col-
lected by telephone, total and exclusive
breastfeeding duration provided in pro-
spective questionnaires were found to be
highly concordant with those given at the
telephone interview (r=0.93 and 0.9, re-
spectively; P�.001).

Infant Feeding Habits
Of the1460childrenwithknownbreast-
feeding duration, 298 (20.4%) were not
breastfedatall, and433(29.7%)received
non–breast milk food supplements
already in the first week of life (TABLE 1).
The median duration of total and exclu-
sive breastfeeding were 16 weeks (inter-
quartile range [IQR], 3-32 weeks), and
9 weeks (IQR, 0-22 weeks), respec-
tively. Food supplements other than
breast milk were given to 581 (45.3%)
of 1282 children in the first 3 months of
life. Seventeen (1.3%) of 1282 children
received gluten-containing food supple-
ments, another 46 (3.6%) received non–
gluten-containing solid food supple-
ments, and 518 (40.4%) received only
milk-based food supplements. None of
the 17 children who received gluten-
containingfoodsupplementsand4of the

46 children who received non-gluten–
containing solid food supplements were
still receiving breast milk at the time of
introducing these supplements.

The age at which gluten-containing
foods were introduced into the diet cor-
related with the duration of exclusive
breastfeeding (r=0.45; P�.001). Com-
pared with children of mothers without
diabetes, children of mothers with type
1 DM were breastfed significantly less
(median total breastfeeding duration 12
vs 24 weeks; P�.001), had a reduced ges-
tation age (39 vs 40 weeks; P�.001), and
were heavier at birth (3500 g vs 3390 g;
P�.001). No significant differences were
found for the age of introducing gluten-
containing foods with respect to mater-
nal diabetes, gestation age, birth weight,
or region of residence.

Islet Autoimmunity
The cumulative risk of developing is-
let autoantibodies (IAA, GADA, and/or
IA-2A) in all 1610 offspring was 5.8%
(SE, 0.6%) by 5 years of age. Eighty-
five offspring developed islet autoan-
tibodies, and 48 of these were positive
for 2 or more islet antibodies. Twenty-
two offspring who were autoantibody
positive and non who were autoanti-
body negative developed type 1 DM.

Islet Autoimmunity
and Breastfeeding
No significant differences in islet auto-
antibody risk were observed with re-
spect to the duration of total or exclu-
sive breastfeeding (Table 1). Life-table
islet autoantibody risk was lowest in chil-
dren who were never breastfed (n=298;
5-year risk, 4.2%; SE, 1%) and highest
in children exclusively breastfed for
longer than 6 months (n=102; 5-year
risk, 9%; SE, 3%). The median duration
of total breastfeeding was 16 weeks (IQR,
3-32 weeks) in children who were islet
autoantibody negative and 17.5 weeks
(IQR, 6-33 weeks) in children who were
autoantibody positive (P=.20), and the
median duration of exclusive breastfeed-
ing was 9 weeks (IQR, 0-22 weeks) and
12 weeks (IQR, 1-20 weeks) in chil-
dren who were autoantibody negative
and positive, respectively (P=.40).
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Islet Autoimmunity and Food
Supplements in the First 3 Months
Islet autoantibody risk was signifi-
cantly increased in children who re-
ceived gluten-containing foods in their
first 3 months of life (Table 1, FIGURE 1).
Life-table 5-year autoantibody risk in
these 17 children was 24.0% (SE, 10%),
compared with 7.0% (SE, 1%) in 701
children who received breast milk only
(adjusted HR, 4.0; 95% confidence in-
terval [CI], 1.4-11.5; P=.01). This ob-
servation was confirmed using an exact
analysis (Fisher exact test) of islet auto-
antibody frequency at age 2.5 years in
children who received gluten-contain-
ing foods prior to age 3 months (3/17;
17.6%) compared with children who did
not receive gluten foods before age 3
months (45/1265; 3.6%; P=.02). Four of
the 17 children who received gluten prior
to age 3 months developed islet autoan-
tibodies. All 4 children had persistent
multiple islet autoantibodies (3 had IAA,

GADA, and IA-2A and 1 had IAA and
GADA); all have remained islet autoan-
tibody positive, and 1 has developed type
1 DM at age 6.9 years; and all have the
DR3/DR4-DQ8 genotype. Two chil-
dren were from mothers with type 1 DM
and 2 had fathers with type 1 DM. One
of the 46 children who received non–
gluten-containing solid foods devel-
oped islet autoantibodies. Risk in chil-
dren who received supplements before
age 3 months that were milk-based only
was not increased over the risk in chil-
dren who were exclusively breastfed for
at least 3 months (adjusted HR, 0.8; 95%
CI, 0.5-1.4).

Islet Autoimmunity and Age at
Introduction of Gluten Foods
Islet autoantibody risk was signifi-
cantly increased in children who
received gluten-containing foods prior
to age 3 months compared with chil-
dren receiving gluten between ages 3.1

and 6 months (5-year risk, 24% vs
5.2%; adjusted HR, 5.2; 95% CI, 1.7-
15.5; P=.003; Table 1 and FIGURE 2).
The increased risk was observed for
IAA (24% vs 4%; P = .001), GADA
(24% vs 4%; P=.001), and IA-2A (19%
vs 3%; P = .005). Islet autoantibody
risk was not significantly increased in
children who first received gluten after
age 6 months (5-year risk, 5.9%;
adjusted HR, 1.2; 95% CI, 0.7-2.0;
P=.60), and none of the 25 children
who first received gluten-containing
foods after age 12 months developed
islet autoantibodies.

Islet Autoimmunity and Diet in
Children With HLA Genotype
The risk of developing islet autoantibod-
ies ismarkedly increased inchildrenwith
the HLA-DRB1*03/04,DQB8 geno-
type.29 Of the 1367 children who were
HLA typed, 104 had this genotype. Four
of these 104 children received gluten-

Table 1. Risk for Islet Autoantibodies in BABYDIAB Cohort Children in Relation to Infant Diet

Feeding Variable
Islet Ab

Positive, No.*
5-Year Islet Ab

Frequency, % (SE)†
Unadjusted Hazard

Ratio (95% CI)‡
Adjusted Hazard
Ratio (95% CI)§

P
Value�

Overall
P Value¶

Duration of total breastfeeding, mo
None (n = 298) 11 4.2 (1) 0.5 (0.2-1.1) 0.6 (0.3-1.2) .13

0.1-3 (n = 396) 20 5.0 (1) 0.7 (0.4-1.4) 0.8 (0.4-1.5) .44

3.1-6 (n = 274) 19 7.7 (2) 1.0 1.0 .36

�6 (n = 492) 31 7.0 (1) 0.9 (0.5-1.7) 1.0 (0.5-1.7) .86

Unknown (n = 150) 4 4.2 (2) 0.4 (0.1-1.3) 0.4 (0.2-1.3) .14

Duration of exclusive breastfeeding, mo
None (n = 433) 19 4.5 (1) 0.7 (0.4-1.2) 0.7 (0.4-1.3) .35

0.1-3 (n = 402) 23 6.5 (1) 0.9 (0.5-1.6) 1.0 (0.6-1.7) .93

3.1-6 (n = 523) 32 6.6 (1) 1.0 1.0 .55

�6 (n = 102) 7 9.0 (3) 1.2 (0.5-2.7) 1.2 (0.5-2.8) .60

Unknown (n = 150) 4 4.2 (2) 0.7 (0.3-1.7) 0.7 (0.3-1.8) .55

Food supplementation before age 3 mo
None (n = 701) 42 7.0 (1) 1.0 1.0

Milk-based food supplements only (n = 518) 26 4.8 (1) 0.8 (0.5-1.2) 0.8 (0.5-1.4) .48

Nongluten solid food supplements (n = 46) 1 2.2 (2) 0.3 (0.04-2.3) 0.3 (0.05-2.5) .30 .04

Gluten-containing food supplements (n = 17) 4 24.0 (10) 3.5 (1.3-9.8) 4.0 (1.4-11.5) .01

Unknown (n = 328) 12 4.4 (1) 0.7 (0.4-1.3) 0.7 (0.4-1.4) .38

Age at introduction of gluten foods, mo
�3 (n = 17) 4 24.0 (10) 4.8 (1.6-14.2) 5.2 (1.7-15.5) .003

3.1-6 (n = 385) 18 5.2 (1) 1.0 1.0
.03

�6 (n = 751) 43 5.9 (1) 1.2 (0.7-2.1) 1.2 (0.7-2.0) .60

Unknown (n = 457) 20 5.4 (1) 1.2 (0.6-2.2) 1.1 (0.6-2.2) .70
Abbreviations: Ab, antibody; CI, confidence interval.
*Number of islet antibody-positive children in category.
†Life-table 5-year islet autoantibody frequency.
‡Unadjusted hazards ratio from Cox proportional hazards model.
§Hazards ratio obtained after adjusting for the confounder variables maternal type 1 diabetes mellitus, gestation age before 36 weeks, birth weight below 2700 g, and region of

residence.
�For each feeding variable P values are calculated for adjusted hazard ratio against reference cell.
¶Overall P values for Cox proportional hazard model.
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containing food supplements before age
3 months, and all 4 developed islet auto-
antibodies(adjustedHR,4.4;95%CI,1.2-
15.9; P= .02 vs children who exclu-
sively received breast milk; TABLE 2).
Another 2 children with the DR3/DR4-
DQ8 genotype received non-gluten–
containing supplements, and 1 of these
children developed islet autoantibod-
ies. Islet autoantibody risk was signifi-
cantly decreased in the 31 children with
HLA-DR3/DR4-DQ8 genotype who
received only milk-based food supple-
ments (adjusted HR, 0.1; 95% CI, 0.01-
0.8; P=.03 vs children who exclusively
received breast milk).

Infant Feeding and Autoantibodies
to Tissue tTGCA
Twenty-seven offspring developed IgA-
tTGCA, of whom 24 also were IgA-
endomysial antibody positive, 21 had at
least 1 HLA-DR3 allele, and 2 also had
islet autoantibodies. No trend in tTGCA
risk was observed for duration of breast-
feeding (TABLE 3). Nonsignificant
increases in tTGCA risk were found in
children who received gluten-contain-
ingsolid foodsupplements(adjustedHR,
3.8; 95% CI, 0.5-30.6; P=.20) or non–
gluten-containing foodsupplements(ad-
justed HR, 2.7; 95% CI, 0.6-12.7; P=.21)
as compared with risk in children who
only receivedbreastmilk.Onechildwho
received gluten-containing foods before
age 3 months developed tTGCA. This
child also had islet autoantibodies. Two
additional children who were intro-
duced to nongluten-containing solid
foods before age 3 months developed
tTGCA. Neither of these had islet auto-
antibodies. In total, 7 of 63 children
who received gluten- or nongluten-
containing solid foods before age 3
months developed islet autoantibodies
or tTGCA. Delaying the introduction of
gluten-containing foods until after age 6
months did not increase the risk for
tTGCA (adjusted HR, 0.7; 95% CI, 0.3-
1.8; P=.46 vs introduction between ages
3 and 6 months).

COMMENT
Early introduction of gluten-contain-
ing foods was found to be a risk factor

for the development of type 1 DM-
associated autoantibodies in children of
parents with type 1 DM. Exposure to
dietary gluten before age 3 months
showed a 5-fold higher risk for the de-

velopment of islet autoantibodies than
after age 3 months. All children with
the HLA-DR3/DR4-DQ8 genotype who
received gluten-containing foods be-
fore age 3 months developed multiple

Figure 1. Islet Autoantibody Development in Relation to Early Food Supplementation
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Figure 2. Islet Autoantibody Development in Relation to Age at Introduction of
Gluten-Containing Foods
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islet autoantibodies. Islet autoanti-
body risk was not associated with re-
duced breastfeeding. These findings
indicate that early introduction of glu-
ten-containing foods should be avoided
in children who are genetically predis-
posed to type 1 DM.

The accuracy of the findings is depen-
dent on the assumption that the data

were not significantly biased by recall er-
ror or missing data. Breastfeeding data
were prospectively collected from ques-
tionnaires. The data on food supplemen-
tation and the age of introduction of glu-
ten-containing foods were prospectively
recorded, but retrospectively collected by
telephone interview. To check the accu-
racy of the telephone interview data,

families again were asked to provide the
age at which exclusive and total breast-
feeding were discontinued in their child.
Telephone retrieved data were highly
concordant with those provided pro-
spectively in questionnaires, suggest-
ing that food records were accurate. A
limitation of the study was that food
supplementation data and the age of in-

Table 2. Risk for Islet Autoantibodies in Children With HLA DR3/DR4-DQ8 Genotype in Relation to Food Supplementation Before Age 3
Months

Food Supplements Before Age 3 mo
Islet Ab

Positive, No.*
5-Year Islet Ab

Frequency, % (SE)†
Unadjusted Hazard

Ratio (95% CI)‡
Adjusted Hazard
Ratio (95% CI)§

P
Value�

Overall
P Value¶

None (n = 47) 11 25.6 (7) 1.0 1.0

Milk-based food supplements only (n = 31) 1 3.5 (3) 0.1 (0.02-1.0) 0.1 (0.01-0.8) .03

Nongluten solid food supplements (n = 2) 1 50.0 (35) 3.1 (0.4-24.2) 3.0 (0.3-27.2) .32
.006

Gluten-containing food supplements (n = 4) 4 100.0 (22) 6.0 (1.9-19.2) 4.4 (1.2-15.9) .02

Unknown (n = 20) 3 19.3 (11) 0.7 (0.2-2.4) 0.6 (0.2-2.2) .44
Abbreviations: Ab, antibody; CI, confidence interval.
*Number of islet antibody-positive children in category.
†Life-table 5-year islet autoantibody frequency.
‡Unadjusted hazards ratio from Cox proportional hazards model.
§Hazards ratio obtained after adjusting for the confounder variables maternal type 1 diabetes mellitus, gestation age before 36 weeks, birth weight below 2700 g, and region of

residence.
�For each feeding variable P values are calculated for adjusted hazard ratio against reference cell.
¶Overall P values for Cox proportional hazard model.

Table 3. Risk for Transglutaminase C (tTGCA) Autoantibodies in BABYDIAB Cohort Children in Relation to Infant Diet

Feeding Variable
tTGCA

Positive, No.*
5-Year tTGCA

Frequency, % (SE)†
Unadjusted Hazard

Ratio (95% CI)‡
Adjusted Hazard
Ratio (95% CI)§

P
Value�

Overall
P Value¶

Duration of total breastfeeding
None (n = 236) 5 1.8 (1) 0.9 (0.3-3.0) 0.8 (0.2-2.7) .67

0.1-3 mo (n = 298) 8 2.9 (1) 1.2 (0.4-3.7) 1.2 (0.4-3.6) .77

3.1-6 mo (n = 202) 6 3.2 (1) 1.0 1.0 �.99

�6 mo (n = 330) 5 1.6 (1) 0.6 (0.2-2.2) 0.6 (0.2-2.0) .38

Unknown (n = 95) 3 3.9 (2) 1.4 (0.3-5.9) 1.5 (0.3-6.2) .60

Duration of exclusive breastfeeding
None (n = 346) 8 2.2 (1) 1.0 (0.4-2.8) 1.0 (0.4-2.8) �.99

0.1-3 mo (n = 291) 7 2.6 (1) 1.1 (0.4-3.1) 1.2 (0.4-3.5) .68

3.1-6 mo (n = 369) 8 2.3 (1) 1.0 1.0 .60

�6 mo (n = 60) 1 2.0 (2) 0.8 (0.1-6.2) 0.9 (0.1-7.2) .92

Unknown (n = 95) 3 3.9 (2) 1.5 (0.4-5.3) 1.6 (0.4-6.2) .49

Food supplementation before age 3 mo
None (n = 483) 10 2.2 (1) 1.0 1.0

Milk-based food supplements only (n = 406) 9 2.1 (1) 1.2 (0.4-3.6) 1.0 (0.4-2.5) .96

Nongluten solid food supplements (n = 41) 2 5.3 (4) 3.0 (0.4-23.2) 2.7 (0.6-12.7) .21 .50

Gluten-containing food supplements (n = 16) 1 6.3 (6) 2.4 (0.5-10.8) 3.8 (0.5-30.6) .20

Unknown (n = 215) 5 2.8 (1) 1.0 (0.4-2.5) 1.3 (0.4-4.0) .62

Age at introduction of gluten foods
�3 mo (n = 16) 1 6.3 (6) 2.3 (0.3-18.2) 2.9 (0.4-24.1) .32

3.1-6 mo (n = 291) 8 2.9 (1) 1 1.0
.55

�6 mo (n = 565) 11 2.1 (1) 0.7 (0.3-1.8) 0.7 (0.3-1.8) .46

Unknown (n = 289) 7 2.5 (1) 1.0 (0.3-2.6) 1.0 (0.4-2.8) �.99
Abbreviation: CI, confidence interval.
*Number of tTGCA positive children in category.
†Life-table 5-year tTGCA frequency.
‡Unadjusted hazard ratio from Cox proportional hazards model.
§Hazard ratio obtained after adjusting for the confounder variables maternal type 1 diabetes mellitus, gestation age before 36 weeks, birth weight below 2700 g, and region of

residence.
�For each feeding variable P values are calculated for adjusted hazard ratio against reference cell.
¶Overall P values for Cox proportional hazard model.
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troducing gluten-containing foods were
missing from 20% and 28% of the chil-
dren, respectively. The study also found
a number of potential confounder vari-
ables that could affect risks associated
with infant feeding. Maternal diabetes af-
fected infant feeding in our cohort and
was associated with increased birth
weight and reduced gestation age. Ad-
justment of HRs for these potential con-
founder variables and for region of resi-
dence did not alter the significant
relationship between increased islet au-
toantibody risk and early introduction to
dietary gluten. An association with other
variables, such as socioeconomic sta-
tus, cannot be excluded. Finally, 1 of 2
children with DR3/DR4-DQ8 genotype
who received non–gluten-containing
solid food supplements before age 3
months also developed islet autoanti-
bodies, and we therefore cannot ex-
clude that the association between islet
autoantibodies and early introduction to
gluten food supplements in children with
HLA-DR3/DR4-DQ8 genotype is not due
to the early introduction of solid foods
per se.

Early introduction of gluten-
containing foods was significantly asso-
ciated with reduced duration of breast-
feeding. Despite this, islet autoantibody
risk was not increased in children who
were breastfed for short duration, and the
lowest islet autoantibody frequencies
were found in non-breastfed children.
These findings were surprising since re-
duced breastfeeding duration was re-
ported to be associated with increased
type 1 DM risk.6,7 Our data are, how-
ever, consistent with those of other pro-
spective studies in children of affected
families.12,13 From these prospective data,
it seems unlikely that reduced breast-
feeding time is a primary risk factor for
islet autoimmunity in children of par-
ents with type 1 DM. Reduced breast-
feeding, however, could be a risk factor
in combination with, or secondary to, ex-
posure to other factors. Early exposure
to cow’s milk, for example, has been sug-
gested to increase the risk for type 1 DM.
In our study, children who received food
supplements in the first 3 months of life
that were only milk based did not have

an increased islet autoantibody risk com-
pared with children who received only
breast milk. Moreover, introduction of
milk-based food supplements without
other solid food supplements was asso-
ciated with a significantly reduced islet
autoantibody risk in children with the
HLA-DR3/DR4-DQ8 genotype. These
findings would argue against a role for
cow’s milk in promoting islet autoim-
munity, and even suggest that early ex-
posure may be beneficial in selected in-
dividuals. Clearly, the possibility that the
association between breastfeeding and
type 1 DM incidence observed in some
retrospective studies may be secondary
to the association with early exposure to
dietary foods other than cow’s milk
should be considered. Differences in
breastfeeding habits and breast milk be-
tween mothers with and without type 1
DM also could contribute to discrepan-
cies across studies.

The optimal timing of food introduc-
tion is debated. It is thought that the tim-
ing of first exposure may influence im-
mune tolerance to food antigens, and
that there may be an exposure time win-
dow that best allows tolerance to be
achieved.30 The Diabetes Autoimmu-
nity Study in the Young also has sug-
gested that islet autoantibody risk is in-
creased in infants who received gluten
before age 3 months, but suggests that
risk is again increased in children in
whom exposure to gluten foods was de-
layed until after 6 months.31 Later in-
troduction of gluten did not increase risk
of developing islet autoantibodies in our
study. For celiac disease, risk was sug-
gested to be increased if gluten expo-
sure is late,20 although other studies have
indicated that increased risk was asso-
ciated with high dose rather than late ex-
posure.32 We examined IgA-tTGCA as
a marker of celiac disease in our co-
hort. Risk for tTGCA appeared to be in-
versely associated with the age of first
exposure to gluten-containing foods.
The conversion rate to IgA-tTGCA was
low, however, and the CIs for tTGCA
risk were wide and overlapping. Of in-
terest was the practice of very late (af-
ter age 12 months) introduction of glu-
ten adopted by some of the families with

prior cases of celiac disease. None of
these children developed either type 1
DM or celiac disease associated autoan-
tibodies, suggesting that late introduc-
tion of gluten does not increase risk for
autoimmunity.

The mechanism by which exposure
to gluten or solid food could increase
risk of autoimmune DM is unclear. Very
early introduction may lead to inflam-
mation in the gut that alters the im-
mune cell repertoire, or lead to changes
in islet beta cells that may still be im-
mature in the neonate. Evidence sup-
porting an immune mechanism for the
association recently was reported in a
gluten-sensitive animal model of auto-
immune diabetes.33 Diabetes develop-
ment in this model was found to be as-
sociated with antibodies against a wheat
protein highly homologous to the wheat
storage globulin Glb1. Antibodies to a
similar protein also were found in chil-
dren with type 1 DM.

In conclusion, this study finds early
introduction of gluten-containing foods
to be a risk factor for the development
of type 1 DM-associated autoimmunity
in children with HLA-DR3/DR4-DQ8
genotype of parents with type 1 DM. Al-
though CIs are large and therefore the
magnitude of the contribution to type
1 DM risk cannot be accurately as-
sessed from this study, the data suggest
that the prevalence of islet autoimmu-
nity could be reduced if all families com-
plied with infant feeding guidelines and
did not introduce gluten-containing and
solid foods to infants until after age 3
months. A significant effect on type 1
DM incidence may be expected if the as-
sociation also is found with type 1 DM
risk and if it is found in children of par-
ents without DM.
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