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The objective was to investigate whether selected perinatal
factors, as indicators of perinatal exposures, are associated with
the risk of type 1 diabetes in children. Specifically, we tested
whether maternal preeclampsia, Rhesus-immunization, induced
labor, cesarean section, and multiple birth were associated with
incidence of type 1 diabetes. A cohort study was designed by
linking records of the Medical Birth Registry and the National
Childhood Diabetes Registry of Norway. Live births in the study
period were followed for a maximum of 15 y and contributed
8,166,731 person-years between 1989 and 1998. Altogether,
1824 cases of type 1 diabetes diagnosed between 1989 and 1998

were identified within the cohort. There was a suggestive, but
nonsignificant, increase in risk of type 1 diabetes associated with
Rhesus-immunization. Maternal preeclampsia, cesarean section,
and the other perinatal factors investigated in this study were not
significantly associated with incidence of type 1 diabetes in the
children. Previous indications that cesarean section and pre-
eclampsia are associated with type 1 diabetes were not supported
by this large study. The majority of routinely recorded perinatal
factors are only weakly associated with type 1 diabetes, or not at
all. (Pediatr Res 54: 487–490, 2003)

Type 1 diabetes mellitus is a consequence of an immune-
mediated destruction of the pancreatic � cells, and is one of the
most common chronic and life-long diseases in childhood. The
factors initiating the destructive process are largely unknown,
but genetic factors as well as nongenetic factors are involved
(1). The relatively young age at onset and the long preclinical
phase in type 1 diabetes suggest that environmental risk factors
may play a role early in life, possibly in utero (2). Some
perinatal factors, such as birth weight (3), birth order, and
maternal age (4), and complications during pregnancy (5–9)
may be taken as markers of various environmental exposures in
utero or early in life. Environmental exposures of potential

importance in the etiology of type 1 diabetes may be growth
rate in utero or early life, timing of bacterial colonization as
influenced by mode of delivery (10), or metabolic and immu-
nologic events influenced by maternal age, birth order (4),
mode of delivery (11), maternal preeclampsia, fetomaternal
blood group incompatibility, or other maternal pregnancy com-
plications. Previous case-control studies have found indica-
tions that preeclampsia (5, 7–9) and cesarean section (5, 6) are
associated with increased risk of type 1 diabetes, but other
studies have shown apparently inconsistent results (6, 9, 12).
Although the inconsistent findings may be due to a number of
factors, the combination of relatively weak associations and
small to moderate sample sizes may lead to variable results
between studies because of sample variation. We have previ-
ously shown that a large study can demonstrate consistent and
sometimes novel results, even when the associations are rela-
tively weak (3, 4). The objective of the present study was to
estimate the associations of maternal preeclampsia, Rhesus-
immunization, induced labor, cesarean section, and multiple
births with the incidence of type 1 diabetes in children, using
a cohort design and a large sample size.
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MATERIALS AND METHODS

Subjects. In Norway, all newly diagnosed cases of type 1
diabetes before 15 y of age have been prospectively registered
in the National Childhood Diabetes Registry since January 1,
1989, using the EURODIAB diagnostic criteria (13). We de-
signed a cohort study by record linkage of the Medical Birth
Registry and the National Childhood Diabetes Registry via the
unique personal identification number assigned to all residents
of Norway (3, 4). The study was approved by the regional
ethics committee and the National Data Inspectorate. The
Medical Birth Registry of Norway has registered all births in
Norway since 1967, and includes information on a number of
perinatal variables (14, 15). Out of 1863 cases of type 1
diabetes diagnosed between January 1, 1989, and December
31, 1998, 1824 were linked. All live births in Norway between
1974 and 1998 contributed time under observation from birth
to type 1 diabetes (from 1989 to 1998), death in the first year
of life, age 15 y, or December 31, 1998, whichever occurred
first. Because registration of cases started in 1989, time under
observation was counted only from January 1, 1989, for those
born before this date. This means that, even if some cases of
type 1 diabetes may have occurred among those born between
1974 and 1989, it would not influence our results (3, 4, 16). A
total of 1,382,602 individuals contributed 8,166,731 person-
years under observation between 1989 and 1998. The mean
time from birth to type 1 diabetes or censoring was 10.2 y (SD
� 5.0), and the mean time under observation after January 1,
1989, was 5.9 y (SD � 3.3). The mean age at diagnosis among
the 1824 who developed type 1 diabetes was 8.6 y (SD � 3.7).
Variables. Maternal diabetes mellitus (any type) diagnosed

before or during pregnancy, maternal preeclampsia, Rhesus-
immunization, artificial induction of labor, cesarean delivery,
twin or higher-order multiple birth, and sex as registered in the
Medical Birth Registry were evaluated as possible risk factors.
Individuals with missing data on birth weight or birth order

(0.3% of the cohort, including 14 who developed type 1
diabetes) were excluded from analyses adjusted for these
variables.
Statistical analysis. The number of incident cases and per-

son-time under observation in each exposure category were
computed using DATAB in the EPICURE package, version
1.8w (Hirosoft International Corporation, Seattle, WA, U.S.A.)
(17). Rate ratios with 95% confidence intervals were estimated
with Poisson regression analyses. We included sex, age group
in 3-y categories, and calendar period of birth in 5-y categories
to adjust for possible effects of those variables. Furthermore,
maternal diabetes, birth weight (3), maternal age at delivery,
birth order, and an interaction term between maternal age and
birth order (4) were entered in the regression models. We
further assessed possible confounding by differences in report-
ing or other systematic differences between geographical re-
gions in Norway by adjusting for county of birth. There are 19
counties in Norway, each with a central hospital where the
majority of deliveries takes place.

RESULTS

There was a tendency that Rhesus-immunization was asso-
ciated with increased incidence of type 1 diabetes, but the
confidence interval was relatively wide and overlapping 1.0
(Table 1). There was a weak tendency that preeclampsia was
associated with reduced incidence of type 1 diabetes, but this
was not significant. Cesarean section was not associated with
type 1 diabetes in the children (Table 1). There was a tendency
that being part of a twin or higher-order multiple pregnancy
was associated with a slightly decreased risk, but this was not
significant, and the association was completely removed after
adjustment for birth weight and other factors. Boys had an
approximately 10% higher incidence rate compared with girls,
regardless of adjustment for possible confounders (Table 1).
As expected, the incidence of type 1 diabetes among children

Table 1. Perinatal factors and incidence of type 1 diabetes among children in Norway

Diseased
(n � 1,824)

Person-years
(n � 8,166,731)

Rate Ratio (95% confidence interval)

Crude Adjusted*

Preeclampsia† 47 252,091 0.83 (0.62, 1.11) 0.84 (0.63, 1.13)
1,777 7,914,640

Rhesus-immunization 6 13,733 1.96 (0.88, 4.37) 1.95 (0.87, 4.34)
1,818 8,152,998

Induction of labor‡ 271 1,101,274 1.12 (0.98, 1.27) 1.07 (0.94, 1.22)
1,553 7,065,457

Cesarean delivery 201 896,427 1.00 (0.87, 1.16) 1.06 (0.91, 1.23)
1,623 7,270,304

Multiple birth§ 33 183,230 0.80 (0.57, 1.13) 0.96 (0.67, 1.38)
1,791 7,983,501

Maternal diabetes� 38 39,715 4.35 (3.16, 6.00) 4.83 (3.48, 6.69)
1,786 8,127,016

Male sex 987 4,195,196 1.12 (1.02, 1.22) 1.09 (1.00, 1.20)
837 3,971,535

* Adjusted for sex, age, calendar period of birth, birth weight (3), maternal age, birth order, interaction between maternal age and birth order (4), and maternal
diabetes.

† ICD-8: code 637.
‡ By artificial tearing of membranes, use of oxcytocin, prostaglandin, or other mode of induction.
§ Twin or higher-order multiple birth (all 33 cases with diabetes were twins).
� Report of any type of diabetes diagnosed before or during the index pregnancy.
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whose mother had diabetes diagnosed before or during preg-
nancy was nearly 5-fold increased compared with other
children.

All results were essentially similar for different sexes, age
groups, or calendar periods of birth. Furthermore, all results
were essentially unaffected by adjustment for county of birth or
exclusion of multiple births, births of mothers with diabetes
during pregnancy, or infants with congenital malformation
(data not shown).

DISCUSSION

Complications during pregnancy investigated in the present
study were not significantly associated with incidence of type
1 diabetes in the children, except for the expected effect of
maternal diabetes.

The very large sample size, the cohort design, and the fact
that the data were based on computerized registries covering
essentially the whole Norwegian population are advantages of
the present study. This made it possible to adjust for a number
of potential confounders simultaneously. Because the majority
of births in Norway take place in the central hospital in each of
the 19 counties, adjustment for county of birth should eliminate
the majority of possible effects due to systematic differences in
measurement protocols, completeness of reporting, or other
systematic differences between the birth institutions. It is pos-
sible that some underreporting of maternal diabetes or pre-
eclampsia could have occurred, but these are known to be rare
events and the even with extreme underreporting, the propor-
tion of misclassification among those coded as unexposed is
likely to be negligibly small in our context.

Some previous studies have found a statistically significant
increase in risk of diabetes associated with maternal pre-
eclampsia (5, 7–9), whereas other studies have not found any
significant association (6, 12), which is in accordance with our
result. It is somewhat disturbing that the prevalence of pre-
eclampsia among the controls in two of the previous studies
was approximately 12–15% (7, 8), much higher than common
prevalences of about 2–5%.

Blood group incompatibility has been associated with in-
creased risk of type 1 diabetes, but Rhesus-factor incompati-
bility less so than ABO incompatibility (5, 7, 9), if at all.
Rhesus-immunization is rare, and, although an increased risk
was indicated in our study, the result was not statistically
significant.

Cesarean section has been associated with an approximately
20–50% increased risk of type 1 diabetes in some studies (5,
6). However, our data are in accordance with other relatively
large studies, which have not found any association with
cesarean section (9, 12). Interpretation of the inconsistent
results is complicated by differences in prevalence and indica-
tions for cesarean section over time and in different countries.

It is well known that maternal diabetes is associated with
increased risk of type 1 diabetes in the offspring, and previous
studies have found relative risks of approximately the same
magnitude as in the present study (5, 7). Maternal diabetes is
also associated with a number of complications during preg-
nancy, increased fetal growth, and congenital malformations

(18). All results in the present study were essentially un-
changed after adjustment for maternal diabetes or exclusion of
all children whose mother had diabetes during pregnancy.

A number of previous studies indicate that some specific
perinatal factors are associated with the risk of childhood-onset
type 1 diabetes (3–5, 9). A yet-unanswered question is whether
the association is explained by common genetic factors predis-
posing for both perinatal events and risk of type 1 diabetes.
Clues to understanding the importance of intrauterine environ-
ment on risk of type 1 diabetes may be derived by comparing
the concordance for type 1 diabetes among dizygotic twins
with that among nontwin siblings (19). However, such a
comparison rests on the assumption that being part of a twin
pregnancy is itself not associated with risk of type 1 diabetes
and other critical assumptions. Most previous studies have
either been too small to test whether being part of a twin birth
is a risk factor, or twins have been excluded from the analysis
altogether. In the present study, a slightly lower incidence was
indicated for twins or higher-order multiple births compared
with singletons, but this was not statistically significant. It is
thus not possible to exclude the possibility that this observation
was due to chance, and even larger studies are necessary to
draw a conclusion. Considering our previous finding of a
positive association between birth weight and type 1 diabetes
(3), it is tempting to speculate that the lower birth weigh of
twins may explain the small, nonsignificant difference in inci-
dence between twins and singletons, because this was com-
pletely removed after adjustment for birth weight. Intrauterine
conditions for twin pairs may differ systematically from that of
singletons, and nutrient availability may differ within twin
pairs. Siblings have the same mother, but the intrauterine lives
of siblings take place at different times during which changes
in fetomaternal immune response and other changes may have
occurred (4, 20). These factors, together with the fact that
population-based twin studies with sample sizes sufficient to
allow precise estimation of concordance among dizygotic
twins are rare (19), make interpretation of concordance data
complicated.

The basis for the different incidence of type 1 diabetes for
males and females in different countries has been subject to
some discussion (21), but is essentially unknown. In the
present study, an approximately 10–12% higher incidence
among males compared with females persisted even after
adjustment for birth weight. This estimate has been notably
consistent in Norway both over time (22) and over age groups
(23).

CONCLUSION

In conclusion, previous indications that maternal preeclamp-
sia and cesarean section are associated with type 1 diabetes
were not supported in spite of the very large sample size of the
present study. Although previous studies have shown some
perinatal factors to be associated with type 1 diabetes, the
majority of routinely recorded perinatal factors seem to be
relatively weakly associated with the incidence of type 1
diabetes, or not at all.
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