
Abstract

Aims/hypothesis. According to the Th1/Th2 paradigm
Type 1 diabetes and atopic diseases are assumed to be
mutually exclusive on the individual level. We analy-
sed the association between Type 1 diabetes and atopic
diseases in a case-control design in order to test the 
hypothesis that atopic diseases in early childhood
could protect against Type 1 diabetes.
Methods. We carried out a nationwide population-
based case-control study enrolling 760 cases newly-
diagnosed with Type 1 diabetes under five years of
age between July 1992 and December 1995 and 1871
controls randomly selected from the general popula-
tion and individually matched on sex, age and place of
residence. Information on atopic diseases was ob-
tained by a mailed parent-administered questionnaire.
Data were analysed by multivariate logistic regression
adjusting for potential confounders (family history of
diabetes, social status, duration of overall breast feed-

ing, number of children in family, maternal age at de-
livery).
Results. Atopic eczema was less frequent in diabetic
(13.3%) than in non-diabetic children (18.0%) and was
significantly associated with a reduced risk of Type 1
diabetes. The adjusted odds ratio was 0.71 (95% CI
0.53-0.96). Hay fever and asthma were not significant-
ly associated with diabetes risk (OR 0.98 (95% CI
0.47-2.01) and 1.46 (95% CI 0.70-3.06), respectively).
Conclusion/interpretation. In this large population-
based case-control study in pre-school children an in-
verse association was observed between atopic eczema
and Type 1 diabetes. Thus, in accordance with the
Th1/Th2 paradigm development of atopic eczema in
early childhood could be protective against childhood
Type 1 diabetes. [Diabetologia (2003) 46:784–788]
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role in the pathogenesis of the Type 1 diabetes [2, 3].
In contrast, atopic conditions (asthma, hay fever, ecze-
ma) are thought to be immune mediated diseases with
a predominantly Th2 type immune response [2, 4].
The antagonism between Th1 and Th2 immune re-
sponse suggests that Type 1 diabetes and atopic dis-
eases should be mutually exclusive on the individual
level. Thus, Th2 mediated diseases might be protec-
tive against the development of Th1 mediated diseases
and vice versa [2]. However, only few epidemiologi-
cal studies investigated the association between Type 1
diabetes and atopic disorders. Some studies reported
negative associations providing support for the
Th1/Th2 paradigm [5, 6, 7, 8, 9, 10, 11, 12], however,
others have not [13, 14]. Even positive associations

Type 1 diabetes is a chronic autoimmune disease re-
sulting in the destruction of the pancreatic beta cells
[1]. The development of the autoimmune process is
thought to depend on both genetic and environmental
factors. An imbalance between Th1 and Th2 subfrac-
tions of T helper cells towards a predominantly Th1
immune reactivity pattern seems to play an important
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have been indicated between Type 1 diabetes and
atopic diseases on both the individual [15, 16] and the
population level [17]. Thus, epidemiological evidence
on the association between Type 1 diabetes and atopic
disorders is conflicting. Inconsistent findings could be
due to a great variety of factors, however, when as-
sessing potentially weak associations small and even
moderate sample sizes might lead to variable results
between studies due to sample variation.

Therefore, to assess the association between Type 1
diabetes and atopic diseases a large nationwide popu-
lation-based case-control study was carried out in
Germany confined to pre-school children. Assuming
the variety of relevant exposures to increase with life-
time the restriction to this age-group might limit the
number of potential confounding factors and facili-
tates the assessment of those risks, which are associat-
ed with very young age, as particularly atopic eczema
[18].

Subjects and methods

Selection of cases and controls, data collection. Between July
1992 and December 1995 children newly-diagnosed with Type 1
diabetes under five years of age were registered by the nation-
wide active hospital-based surveillance system ESPED using
monthly reporting cards and in particular recording information
on sex, dates of birth and diagnosis and place of residence [19].
Completeness of ascertainment has been estimated to be 85%.

Non-diabetic control subjects individually matched on sex,
age (±12 months) and place of residence were randomly select-
ed from the general population by local registration offices.
For each participating case up to six control subjects were se-
lected.

Data was collected by a mailed parent-administered stan-
dardized questionnaire and, if necessary, completed by a tele-
phone interview. Due to legal directions on protection of per-
sonal data, hospitals and regional registration offices were not
allowed to provide the study group with names and addresses
of diabetic patients and selected control children. Therefore,
questionnaires together with information on the study had to
be sent to reporting paediatricians and regional registration 
offices requesting them to forward the material to case and
control families. Questionnaires were sent out to case families
immediately after registration of new diabetic cases so that
case families received the questionnaire within a few weeks 
after children’s diabetes onset. Control families received the
questionnaire immediately after random selection via regional
registration offices. Thus, age range of case and control chil-
dren was 0 to 5 years and 0 to 6 years, respectively, when the
questionnaire was administered.

Information on children’s history of atopic diseases was
collected by the following simple questions also included in
the ISAAC core questionnaires [20]: Has your child ever had
asthma (yes/no), hay fever (yes/no), eczema (yes/no) (before
diabetes onset)? Questionnaire data further included informa-
tion on potential confounding factors: family history (parents,
siblings or grandparents) of Type 1 diabetes (yes/no), family’s
socio-economic status (low, middle, high) based on parents’
highest level of school education and occupational status, du-
ration of overall breastfeeding (not at all or <2 weeks, 2–6
weeks, 7 weeks–4 months, ≥5 months), number of children in

the family (1, 2, ≥3), maternal age at delivery (≤20, 21–25,
26–40, ≥41 years).

The study was approved by the local ethics committee and
the government authorities for the protection of personal infor-
mation.

Study sample. Questionnaires were sent to 1069 case families
(93% of eligible) and 4385 control families. Altogether, 760
case (71%) and 1871 (43%) control families returned a com-
pleted questionnaire and were included in the analyses. 26.7%
of matched sets had one control, 29.2% two controls and
44.1% three or more controls. 55.4% of diabetic children and
54.3% of non-diabetic controls were male. Mean age (SD) of
cases and controls was 36.3 (14.2) months and 40.1 (15.0)
months, respectively.

Statistical analysis. The proportion of children with a history
of atopic diseases was estimated in diabetic and non-diabetic
children. Differences were tested using univariate conditional
logistic regression. Multivariate conditional logistic regression
[21] was done to estimate odds ratios for atopic diseases ad-
justing for potential confounders. Furthermore, to increase pre-
cision unconditional logistic regression was done after dissolv-
ing the matching adjusting for age and sex in addition to the
other confounders. Likelihood ratio Chi-squared statistics were
used to test for significance of associations. A p value of 0.05
was considered statistically significant.

Statistical analyses were carried out with SAS (SAS for
Windows, Release 8.0, SAS Institute, Cary, N.C., USA) or
STATA (StataCorp. 2001. Stata Statistical Software: Release
7.0 Stata Corporation, College Station, Tex., USA).

Results

Proportions of children with a history of atopic disor-
ders among diabetic and non-diabetic children and re-
spective unadjusted and adjusted odds ratios are given
in Table 1.

Atopic eczema was less frequent in diabetic than in
non-diabetic children. The respective univariate odds
ratio indicated a significant inverse association be-
tween atopic eczema and the risk of diabetes. The as-
sociation remained significant after adjustment for po-
tential confounders. In contrast, asthma and hay fever
showed no association with the risk of diabetes, re-
spective proportions were similar among diabetic and
non-diabetic children.

When age (in months) was included in the condi-
tional logistic model in addition to the other con-
founders in order to adjust for the non-perfect age-
matching—on average controls were about four
months older than cases—odds ratio estimates did not
change substantially. Furthermore, results of uncondi-
tional logistic regression were very similar (data not
shown).

Discussion

This large individually matched population-based
case-control study in pre-school children showed an
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inverse association between atopic eczema and the
risk of Type 1 diabetes. This finding indicates that
atopic eczema in early childhood could protect against
the development of Type 1 diabetes and provides fur-
ther support for the Th1/Th2 paradigm [2]. In contrast,
asthma and hay fever were not associated with the risk
of diabetes. However, asthma and hay fever are most
common beyond pre-school age [16, 22]. Thus, focus-
ing on pre-school children our study might not be ap-
propriate to provide conclusive evidence on the asso-
ciation of these conditions with the risk of diabetes.

Some further limitations of our study have to be
considered. Response rate was lower among non-dia-
betic control children than among diabetic cases,
probably due to the indirect contact of control families
via local registration offices. Further, data were col-
lected retrospectively by parent-administered ques-
tionnaires and information on atopic diseases was col-
lected by simple questions without further validation
through detailed questions on atopic symptoms e.g.
according to the ISAAC questionnaires [20]. There-
fore, selection bias, recall bias and misclassification
could have affected the observed associations. How-
ever, proportions of control children with a history of
atopic disorders were within the range of previous re-
ports on young German children relating to either par-
ent-reported physician diagnosed atopic disorders [23]
or to parent-reported atopic disorders [22] correspond-
ing to our study. In addition, results have been adjust-
ed for socio-economic status, which is known to be
associated with both study participation rates and
atopic disorders [24, 25]. Differential recall and mis-
classification between parents of diabetic and non-dia-
betic children cannot completely be ruled out, but it
seems very unlikely to account for the inverse associa-
tion between eczema and Type 1 diabetes. Further,
non-differential recall and misclassification bias would
only have weakened the association.

Atopic eczema. The observed negative association be-
tween atopic eczema and Type 1 diabetes is consistent
with findings of most previous studies and these stud-
ies in part diagnosed atopic eczema/dermatitis by

more detailed questionnaires [5, 6, 9, 10, 11, 12]. A
Danish survey found the cumulative incidence of
atopic dermatitis up to age of 15 years to be about one
third lower among diabetic than among non-diabetic
children [5]. In the EURODIAB ACE study eczema
was associated with the risk of Type 1 diabetes in the
10- to 14-year-old age group, but not in younger age
groups, in contrast to our finding [9]. A British study
found a significant trend of increasing symptoms of
atopic eczema from children with Type 1 diabetes
through siblings at risk of Type 1 diabetes to unaffect-
ed control children, whereas the self-reported preva-
lence of physician-diagnosed eczema was similar in
all groups. A Swedish study also found a lower preva-
lence of eczema in diabetic than in non-diabetic chil-
dren, but the difference was not statistically signifi-
cant due to a rather small sample size [14]. No associ-
ation between atopic eczema and the risk of diabetes
was reported from a Canadian study [13]. A Scottish
study even found an increased risk of eczema in 
patients with a Th1-mediated autoimmune disease 
including Type 1 diabetes [16].

Asthma. Recent epidemiological studies also reported
a negative association between asthma and associated
symptoms and the risk of Type 1 diabetes [7, 8, 9, 10,
11]. As with symptoms of eczema, the British study
found a significant trend of increasing symptoms of
asthma from diabetic children through siblings to con-
trol children, whereas the self-reported frequency of a
doctor’s diagnosis of asthma was similar in all groups
[7]. Further, in the EURODIAB ACE study no associ-
ation was observed in the age group under five years
[9], in line with our result. Some case-control studies
covering older age groups also did not find an associa-
tion between asthma and Type 1 diabetes [5, 13, 14].
Recently, even positive associations have been indi-
cated on both the individual and the population level
[15, 16, 17].

Hay fever, allergic rhino-conjunctivitis. The EURO-
DIAB ACE multi-centre study reported an inverse as-
sociation between allergic rhino-conjunctivitis and

Table 1. Odds ratios for atopic diseases

Atopic Diabetic cases Non-diabetic controls Odds ratio b(95% CI)
disorder Proportion of Proportion of 

children with children with Unadjusted p value Adjusted c p value
history of atopic history of atopic 
disordera disordera

Atopic eczema 13.3 (87/653) 18.0 (266/1479) 0.66 (0.50–0.87) 0.002 0.71 (0.53–0.96) 0.022
Hay fever 1.9 (12/632) 2.2 (31/1399) 0.91 (0.46–1.83) 0.799 0.98 (0.47–2.01) 0.945
Asthma 2.5 (16/636) 2.0 (28/1403) 1.30 (0.66–2.55) 0.447 1.47 (0.70–3.06) 0.315

a Data are percentages (n/N)
b Estimated by conditional logistic regression

c Adjusted for family history of Type 1 diabetes, family’s 
socio-economic status, duration of overall breastfeeding, num-
ber of children in the family, maternal age at delivery



Type 1 diabetes in the 10- to 14-year-old age group
[9]. Inconsistent findings were reported from a study
in the Netherlands. While symptoms of hay fever sep-
arately were less common among diabetic children
than among non-diabetic children [11], hay fever de-
fined as presence of symptoms and a doctor’s diagno-
sis was significantly more common among diabetic
children [10]. Likewise, allergic rhinitis was more
prevalent among diabetic children in Sweden [14]. In
Scotland a positive association has been observed be-
tween allergic rhinitis and Th1-mediated autoimmune
diseases [16]. By contrast, in our study the prevalence
of hay fever was similar among diabetic and non-
diabetic children, in accordance with other previous
reports [5, 13].

Taken together, there are conflicting reports on the
association between atopic disorders and Type 1 dia-
betes from epidemiological studies—in particular, re-
garding the different atopic conditions. Inconsistent
findings could be due to a variety of factors, e.g. small
sample size, method of data collection, age range of
probands. However, differing associations between
asthma, hay fever and eczema and the risk of diabetes
cannot be precluded because immune mechanisms un-
derlying these atopic conditions, although all are asso-
ciated with Th2 phenotype, are thought to be different
[26].

On the one hand, the epidemiological findings of
an inverse association between atopic disorders and
Type 1 diabetes—most evident for atopic eczema and
asthma—provide further evidence of the Th1/Th2 
paradigm. Additionally, there is substantial evidence
from clinical and experimental data that Th1/Th2 bal-
ance is important to the development of atopic and 
autoimmune diseases [2, 26, 27, 28, 29, 30]. On the
other hand, both Type 1 diabetes and atopic diseases
have been rising during the last decades [31, 32, 33,
34], according to the ‘hygiene hypothesis’ possibly
due to a decrease of infectious diseases in industrial-
ized countries [35, 36]. This apparent paradox that
Type 1 diabetes and atopic disorders share common
epidemiological characteristics but represent opposite
deviations of the immune response remains to be re-
solved [36]. However, the Th1/Th2 paradigm has been
discussed to be an oversimplification [2, 27] and in
the meantime it has become clear that much more in-
formation is needed to understand the regulation of
Th1 and Th2 immune responses and their impact on
the development of autoimmune and atopic diseases
[2, 27].

In this large population-based case-control study in
pre-school children an inverse association was ob-
served between atopic eczema and Type 1 diabetes.
In accordance with the Th1/Th2 paradigm this find-
ing indicates that development of atopic eczema in
early childhood and factors predisposing to this con-
dition could be protective against childhood Type 1
diabetes.
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