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Type 1 (insulin-dependent) diabetes is
a chronic autoimmune disease with
selective destruction of the insulin-

p roducing b-cells. Both genetic suscepti-
bility and environmental factors are
believed to be of importance (1). Since 
type 1 diabetes can develop in early child-
hood, it is natural to consider intrauterine
life and perinatal exposure (2) as factors
involved in the pathoetiology. Accord i n g l y,
a number of studies have examined the
possible relationship between perinatal

events and risk of developing type 1 dia-
betes and have found high maternal age to
be a significant factor (3–7). However, the
findings concerning the effects of birt h
o rd e r, pre t e rm birth, birth weight, and
complications during delivery are contra-
d i c t o ry (3–11).

This article presents the results of an
analysis of the possible influences and inter-
actions of a number of perinatal determ i-
nants in subsequent development of type 1
diabetes. Two of the parameters, number of

p revious maternal abortions and placental
weight, have not been examined before .
The investigation is a Danish nationwide
c a s e - c o n t rol study based on re g i s t ry data.

RESEARCH DESIGN AND
M E T H O DS— The National Patient Reg-
i s t ry in Denmark stores data for all admis-
sions to Danish hospitals. According to
epidemiological studies, .99% of childre n
with type 1 diabetes are treated in a depart-
ment of pediatric or internal medicine in
Denmark (12). In the period 1978–1995
(inclusive), 857 children born between
1978–1982 and 1984–1986 (inclusive)
w e re re c o rded with a diagnosis of diabetes
( a c c o rding to the I n t e rnational Classification of
Diseases, 10th Revision) (13).

The Danish Medical Birth Registry
(MBR) contains data on pregnancy and
d e l i v e ry for .99% of all infants born in
Denmark since 1973 (14). The data are
based on re p o rts by midwives at the time of
b i rth. The parameter placental weight was
not available for infants born in 1983; thus,
this population was excluded from the
analysis. The unique 10-digit personal
i d e n t i fication number given to every o n e
living in Denmark allowed linkage between
the two registries. For each diabetic child,
two control subjects were randomly
selected from among all newborns deliv-
e red in the same month, of the same sex,
and within the same district. Twin individ-
uals (18 patients and 27 control subjects)
w e re excluded, giving 839 patients and
1,687 control subjects.

The following variables re c o rded in the
MBR at the time of birth were analyzed for
patients and control subjects: maternal and
p a t e rnal age at delivery, number of pre g-
nancies, maternal parity, gestational age,
b i rth weight and length, placental weight,
and interventions and complications before
and during delivery. Number of abort i o n s
was calculated by subtracting maternal par-
ity from number of pregnancies; thus, the
parameter includes both induced and
spontaneous abortions. In addition, pon-
deral index (weight [grams] 3 1 0 0 / l e n g t h3
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P revious Maternal Abortion, Longer
Gestation, and Younger Maternal Age
D e c rease the Risk of Type 1 Diabetes
Among Male Off s p r i n g

O R I G I N A L  A R T I C L E

O B J E C T I V E — To identify possible influences and interactions of perinatal determinants in
the subsequent development of type 1 diabetes.

RESEARCH DESIGN AND METHODS — The data were obtained from children born
in Denmark during the periods 1978–1982 and 1984–1986 and admitted to a Danish hospi-
tal with newly diagnosed type 1 diabetes between 1978 and 1995; 857 patients fulfilled the cri-
teria. The study was conducted by combining and analyzing two national registries: the
National Patient Registry and the Medical Birth Registry. For each diabetic child, two contro l
c h i l d ren were randomly selected, matched by sex, time, and district of delivery.

R E S U LT S — By multivariate logistic re g ression analysis, the following significant determ i-
nants were identified. Male offspring showed decreased risk when born of mothers who had
had one or more abortions (odds ratio [OR] 0.66 [95% CI 0.48–0.92]) and with long duration
of gestation (linearly with OR 0.91 per week [0.85–0.99]), while increased risk was found for
high maternal age (linearly with OR 1.03 per year [1.00–1.06]). Female offspring showed no
such association. No significant diff e rences between diabetic patients and control subjects were
found with respect to paternal age, maternal parity, placental weight or any of the birth size
parameters, or interventions and complications during delivery.

C O N C L U S I O N S — The findings show that perinatal determinants may influence the risk
of subsequent development of type 1 diabetes in a sex-specific manner. 
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[cubic centimeters]) was calculated and ana-
lyzed. The relative deviation in birth weight
was calculated relative to gestational age as
described in S TAT I S T I C A LA N A LY S E S. Complete-
ness of the parameters in our study was
66% for paternal age, 83% for gestational
age, 99.9% for birth weight and length, and
88% for placental weight. Registration of
m a t e rnal age, parity, and number of pre g-
nancies was complete. No diff e rence in the
level of completeness was found between
the diabetic and control gro u p s .

The study was approved by the Danish
S c i e n t i fic-Ethical Committee and the Dan-
ish Data Protection Agency.

Statistical analyses
Univariate and multivariate logistic re g re s-
sion was used to estimate the odds ratio
(OR), with a 95% CI, and P value for the
s i g n i ficance of the explanatory variable.
The relationship between the logarithm of
the birth weight and gestational age in the
c o n t rol material was described as a qua-
dratic polynomial. Separate analyses were
c a rried out for male and female subjects.
For all children, the relative deviation in
b i rth weight was calculated as the diff e r-
ence between the logarithm of observ e d
weight and that for expected weight,
a c c o rding to the quadratic polynomials
divided by the residual standard deviation
for the control material.

Variables were analyzed simultane-
ously and included in the multivariate
model by stepwise forw a rd selection of the
most significant. The significance of all the
selected variables was confirmed by back-
w a rd elimination. The multivariate logistic
re g ression analysis was based on 695
patients and 1,404 control subjects with
complete data. A 5% significance level was

used for the analyses. The statistical compu-
tations were perf o rmed on a DECpcXL590
computer using APL software validated 
relative to the SAS pro c e d u res LOGISTIC
and GLM.

R E S U LT S — Among mothers of the dia-
betic patients, 76.0% had had no abort i o n ,
19.0% one abortion, and 5.0% two or more
a b o rtions, while among mothers of the con-
t rol subjects, 70.6% had had no abort i o n ,
22.6% one abortion, and 6.7% two or 
m o re abortions. Gestational age was 39.5 ±
1.8 (SD) weeks for the children who later
developed diabetes and 39.7 ± 1.7 weeks
for the control subjects. Maternal age was,
on average, 27.0 ± 4.8 years for patients and
26.5 ± 4.7 years for control subjects.

All data were subjected to multivariate
logistic re g ression analysis and adjusted
ORs were calculated (Table 1). The OR for
sons born of mothers who had had one
a b o rtion was 0.66, and of those with two or
m o re abortions, 0.53. Regarding the week
of gestation, the adjusted log relative risk
was found to decrease linearly with length
of gestation for male offspring by 0.91 per
week. Maternal age showed a linear
i n c rease in log relative risk of 1.03 with
each year of increased age only for male off-
spring, while for females, none of the fac-
tors were significantly associated with
diabetes. With respect to paternal age,
m a t e rnal parity, placental weight, birt h
weight, birth length, ponderal index, and
relative deviation in birth weight, no
s i g n i ficant multivariate diff e rences of case-
c o n t rol status were found, either in the
overall or in sex-specific analysis.

Among the interventions studied, the
use of an oxytocic drug was found to diff e r
s i g n i ficantly (OR 1.30 [1.03–1.65]), t h o u g h

not in any of the sex-specific analyses. No
s i g n i ficant diff e rences were found con-
c e rning the effect of medical induction,
p u n c t u re, or ru p t u re of the fetal mem-
brane, episiotomia, breech or vacuum
extraction, or cesarean. Among the deliv-
e ry complications observed, there was a
s i g n i ficant diff e rence with respect to pla-
centa previa in the overall analysis (four
diabetic patients and none among contro l
subjects, P = 0.02) but not in any of the
s e x - s p e c i fic analyses, while retained pla-
centa, placenta abruptio, hydramnios,
p reeclampsia, fetal asphyxia, and matern a l
disease were not found to differ signifi-
cantly in any of the analyses.

C O N C L U S I O N S — Number of abor-
tions, gestational age and maternal age
w e re all found to be independently associ-
ated with type 1 diabetes, but only for
males. The results were based on multi-
variate logistic re g ression analysis, which
allows independent assessment of the eff e c t
of each factor.

The present epidemiological study
took advantage of the effective popula-
tion-based registries based on the Danish
public health care system. The data used
w e re collected routinely at birth, a con-
siderable time before disease manifesta-
tion, and were, there f o re, not likely to be
biased. The precision of the parameters in
the MBR has previously been investigated
for pre t e rm deliveries (15). Regarding, for
example, gestational age, the concord a n c e
between the MBR and the medical re c o rd s
was found to be 87% when agre e m e n t
was defined as within 1 week. The pre c i-
sion is similar for diabetic patients and
c o n t rol subjects and, there f o re, only leads
to unity of the OR.

Table 1—Multivariate ORs for perinatal risk factors in diabetic patients and control subjects

Male subjects Female subjects Male 1 female subjects

n 1,075 1,024 2,099
Abortion

0 1 1 1
1 0.65 (0.47–0.90) 0.90 (0.65–1.24) 0.76 (0.60–0.95)
$2 0.53 (0.30–0.92) 0.81 (0.46–1.44) 0.65 (0.44–0.97)
P* 0.004 0.66 0.01

Gestational age (per week) 0.91 (0.84–0.98) 0.96 (0.89–1.03) 0.93 (0.89–0.98)
P* 0.02 0.21 0.01

Maternal age (per year) 1.03 (1.00–1.06) 1.02 (0.99–1.05) 1.03 (1.01–1.04)
P* 0.04 0.13 0.01
P† 0.006 0.37 0.0004

Data are ORs, (95% CI). For abortions, 0 is the re f e rence group. *Significance of the contribution of each variable adjusted for the effects of the others; †signific a n c e
of all three explanatory variables.
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The finding that abortion is a pro t e c-
tive factor for childhood diabetes in subse-
quent offspring is a new observation, which
may give rise to future studies. It is
unknown whether induced and sponta-
neous abortions are of equal import a n c e .
R e g a rding the latter, hypothetically, one
explanation could be that the risk of spon-
taneous abortion and the risk of type 1 dia-
betes among later offspring have a common
s o u rce. Women who have an abortion have
a lower level of estrogen and a higher per-
centage of free testosterone early in pre g-
nancy (16,17). In nonobese diabetic mice,
neonatal treatment with testosterone was
found to decrease the incidence of dia-
betes, while endogenous estrogen con-
tributed to the disease process (18). It may
be speculated that women with a decre a s e d
level of the estro g e n - t o - t e s t o s t e rone ratio
during early pregnancy have on the one
hand an increased risk of abortion, and on
the other a decreased risk of type 1 diabetes
in male offspring. The comparatively higher
diabetes risk for male offspring of mothers
with no previous abortion may give rise to
speculations re g a rding a possible generally
i n c reased estrogen exposure, which has
been discussed for other diseases (19).

This study showed that the risk of
type 1 diabetes decreased linearly with
i n c reased duration of gestation, but this
was only significant for male newborn s .
This finding seems to be new, insofar as it
was due to a general effect and not espe-
cially to certain subgroups, e.g., extre m e l y
p re t e rm children. In order to assess the
impact of gestational age, we have studied
b i rth size care f u l l y. We found no diff e r-
ences between the diabetic and contro l
g roups in any of the birth-size parameters:
weight, length, or ponderal index. The
e ffect of interaction of birth weight and
gestational age was studied by calculating
s t a n d a rdized birth weight according to ges-
tational age, and no diff e rences between
diabetic patients and control subjects were
found. Length of gestation ,38 weeks has
p reviously been studied as a possible risk
factor: one study found a higher risk of
developing type 1 diabetes (5), but this
was not found in other studies (4,6,7). An
i n c reased risk of diabetes for children with
heavy birth weight has been re p o rted once
(8), while a number of studies have found
no such association (4,6,9,10). One study
found an increased risk for children who
w e re heavy for their gestational date
( d e fined as .2 SDs from the expected
weight according to gestational age) (11).

I n c reased maternal age as a risk factor
of diabetes development is consistent with
earlier studies (3–7), but the linear tre n d
and its assignment to male offspring has
not been described before .

I n t e rventions and complications dur-
ing delivery were examined as possible
indicators of intrauterine and perinatal dis-
turbances. Oxytocic infusion was found to
be an independent risk factor, but only
when the two sexes were analyzed together.
One study has previously looked at the use
of oxytocic infusion, and it found no asso-
ciation with type 1 diabetes (7).

M a t e rnal type 1 diabetes is a well-
known risk factor for childhood diabetes.
In a Danish study, prevalence of matern a l
type 1 diabetes among diabetic childre n
was found to be 2.0–2.5% (9). Theore t i-
c a l l y, maternal diabetes is included, among
other diseases, in the parameter “matern a l
disease.” The precise numbers of patients in
the two groups are unknown, but are
expected to be as low as indicated by the
p e rcentage mentioned and, there f o re ,
unlikely to distort the findings decisively.

In conclusion, we found an incre a s e d
risk of type 1 diabetes in male offspring of
mothers with no previous abortions, short
gestation, and high maternal age. Since this
association was not seen for female off-
spring, the study suggests that perinatal
d e t e rminants influence the risk of subse-
quent development of type 1 diabetes in a
sex-dependent manner.
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