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Abstract
Aims/hypothesis The aim of this study was to explore the
association between type 1 diabetes and reproductive health
indicators in women, focusing on termination of pregnancy
and sterilisation.
Methods We conducted a registry-based cohort study involv-
ing 2281 women with childhood-onset type 1 diabetes,
matched for age and birthplace with women without diabetes:
two control participants for each woman with diabetes. We
compared the frequencies of termination of pregnancy and
sterilisation over a 25 year period between women with type
1 diabetes and women without, and estimated standardised
incidence ratios (SIRs). Smoothed age and period effects in
the incidence of termination of pregnancy or sterilisation were
tested statistically.

Results There were more terminations of pregnancy (SIR
1.67; 95% CI 1.51, 1.86) and sterilisations (SIR 1.69; 95%
CI 1.56, 1.83) in women with diabetes than in control women.
During recent years, sterilisations in women with diabetes
have decreased and the difference compared with control
women has vanished. The indications for both procedures
showed a statistically highly significant difference: maternal
medical indications were almost absent (< 1%) in procedures
among control women, but comprised 23.6% of terminations
of pregnancy and 22.9% of sterilisations in women with
diabetes.
Conclusions/interpretation The indications for termination of
pregnancy and sterilisation are different in women with dia-
betes compared with other women. Pregnancies in women
with type 1 diabetes are still terminated more often than in
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women without diabetes, but the difference in sterilisation
rates has disappeared during recent years.

Keywords Diabetesmellitus type 1 . Epidemiology .

Human . Pregnancy . Sterilisation, reproductive . Termination
of pregnancy

Abbreviation
SIR Standardised incidence ratio

Introduction

The pregnancies of women with type 1 diabetes have been a
matter of concern for many decades. The main concerns have
been adverse effects on health of the offspring and the burden
of pregnancy on maternal health, both short and long term.
The risk of birth defects in children is higher in pregnancies
complicated by type 1 diabetes [1]; furthermore, children of
parents with type 1 diabetes have an approximately tenfold
risk of developing diabetes compared with children whose
parents do not have the disease [2, 3]. The risk of pregnancy
complications in women with diabetes is higher than in non-
diabetic pregnancies [1]. The effect of pregnancy on the de-
velopment and progression of maternal diabetic complications
is not unambiguous. Several studies have shown that hyper-
tensive pregnancy may accelerate worsening of both retinop-
athy and nephropathy [4], but uncomplicated pregnancy
might not necessarily worsen the prognosis from a long-term
perspective [4–9].

Many collaborative plans have been made to establish pre-
pregnancy targets for women with type 1 diabetes to minimise
health risks for the woman and fetus [10]. Termination of
pregnancy might be recommended in early pregnancy if the
risk of serious health issues is considered high for the fetus,
and sterilisation might be recommended if the risks of any
potential future pregnancy are considered too high.

The frequencies of termination and sterilisation in women
with type 1 diabetes compared with women without diabetes
have only been evaluated in a few studies. The studies on
termination in women with type 1 diabetes all report the pro-
portion of terminations among all pregnancies, which varies
from 7% to 18% [11–15]. Of these, the proportion performed
for medical reasons varies between 25% and 37%.Most of the
studies in this area compare womenwith diabetes with women
in the general population [13–15]. In these, the frequency of
termination is higher in women with type 1 diabetes than in
the general population and, if the termination indications are
included, the proportion of pregnancy terminations for medi-
cal reasons (maternal or fetal) is higher in women with type 1
diabetes than in the general population.

There are only a few studies on the use of contraception by
women with type 1 diabetes. According to a Danish question-
naire study from 1992, sterilisation was much more common in
women with type 1 diabetes than in those without diabetes (23%
vs 9%) [16]. A British registry study from 1999 also showed a
statistically significant difference in the proportion of women
undergoing sterilisation: 5.8% of women with type 1 diabetes
compared with 3.7% of women without type 1 diabetes [17].

The aim of this study was to assess the association between
type 1 diabetes and two aspects of reproductive health, termi-
nation of pregnancy and sterilisation, in women with
childhood-onset type 1 diabetes through a registry-based
study. We compared the frequencies of termination of preg-
nancy and sterilisation, their indications, time trends and birth-
cohort effects in a cohort of Finnish women with type 1 dia-
betes and a group of control women without diabetes over a
25 year period.

Methods

We have examined registry data for a large representative
nationwide cohort of Finnish people with childhood-onset
type 1 diabetes. This cohort was initially identified for a study
on mortality of people with type 1 diabetes—the Diabetes
Epidemiology Research International (DERI) group’s mortal-
ity study [18]. Details on the selection of the cohort and the
control participants are available in the electronic supplemen-
tary material (ESM) methods.

The Medical Birth Register was established at the start of
1987, which was defined as the start of follow-up in the pres-
ent work. In this study, we used only data on live births from
the Medical Birth Register. In our study cohort, 62 women
died before the start of follow-up, 34 women with type 1
diabetes and 28 women without. After the exclusions, the
database we used comprised information from 2281 women
with type 1 diabetes and 4509 control women.

Physicians in Finland are obliged to report, using specific
data collection forms, all terminations of pregnancy and
sterilisations within 1month of having performed a procedure.
The Register of Induced Abortions was established in 1983
and the Register of Sterilisations in 1987.

In this registry-based study, we used information from several
nationwide sources available in Finland: the Social Insurance
Institution’s Drug Register, the Hospital Discharge Register
(HDR) and the Medical Birth Register of the National Institute
for Health and Welfare (diagnoses and procedures, as well as
perinatal data), the Register on Congenital Malformations, the
Register on Induced Abortions and Sterilisations, the Population
Register Centre and Statistics Finland.

Names, birth dates, personal identity codes and other data
by which people could be identified were removed after data
linkage. During the analyses, the investigators used an
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individual six-digit study code to identify the study partici-
pants. The decoding key was kept separate from the study
material. In every step of the study, effort was made not to
reveal the identities of the study participants, as the data
contained information that was potentially very sensitive. All
researchers involved complied with the data protection prin-
ciples and ethics rules of the University of Helsinki and the
National Institute for Health andWelfare. The ethical commit-
tees of the Department of Public Health at the University of
Helsinki and of the National Institute of Health and Welfare
approved the study.

There were 286 deaths among the women with type 1 diabe-
tes and 119 deaths among the control women; 1724 live births
(1695 birth events) were recorded in women with type 1 diabe-
tes and 5692 live births (5612 birth events) in control women.

The primary outcomes of the study were termination of
pregnancy and sterilisation. We report the risks (hazard ratios)
of pregnancy termination and sterilisation by age and calendar
date. In instances of multiple sterilisation events in one wom-
an, we considered only the last procedure. The observation
period for the incidence of termination of pregnancy and
sterilisation started at 1 January 1987 and ended at the time
of sterilisation, the age of 50, death or censoring (31
December 2011), whichever occurred first.

To account for the potential difference in the probability of
becoming pregnant between women with and without type 1
diabetes, we estimated the risk of termination of pregnancy,
where the period at risk of termination of pregnancy started at
the estimated time of conception and ended at either the time
of birth of a child or the time of termination of pregnancy. This
avoided the potential bias introduced by including women
without any offspring and non-pregnant person-years of wom-
en with offspring when estimating the risk of termination of
pregnancy. Data on spontaneous abortions are not available;
hence, this is the proportion of terminations of pregnancy
among pregnancies ending in either childbirth or termination.

Differences in rates according to the age and calendar time
were tested by using likelihood ratio tests (LRTs) comparing
separate spline functions by group (type 1 diabetes, control
participants) with single-spline functions, using the mgcv
package in R [19]. In order to adjust for both age and calendar
time differences in rates of termination of pregnancy and
sterilisation, we estimated standardised incidence ratios
(SIRs) using reference rates from non-diabetic women and
obtained 95% CIs by using standard Poisson regression.

We divided the terminated pregnancies into three groups
according to the time intervals used in the Finnish abortion
legislation: under 12 weeks of gestation (when termination of
pregnancy is easily accessible); 12–19 weeks of gestation
(when termination of pregnancy is possible but has to be ap-
plied for from the national board); and 20 or more weeks of
gestation (when termination of pregnancy is possible only if
fetal risks have been diagnosed or the life of the mother is

threatened; and it has to be applied for from the national
board). The frequencies of indications of termination of preg-
nancy and sterilisation were compared between type 1 diabe-
tes and control women using standardχ2 tests for independent
groups. The indications for termination of pregnancy were
grouped into five categories: maternal risk; social indication;
age/parity (age either under 17 or over 40 years/the woman
had previously four or more children); suspected or diagnosed
birth defect; and no indication marked on the application form
(a few women only). In Finland, termination of pregnancy has
been approved by law since 1950, termination because of
social reasons was legalised in 1971 and terminations of preg-
nancy outside the health sector are considered to have stopped
at the start of the 1970s, at the latest.

Results

Terminations of pregnancy The number of terminations of
pregnancy, women with terminated pregnancies, rates and
SIRs for type 1 diabetes and control women are shown in
Table 1. There were 344 terminations of pregnancy in women
with type 1 diabetes (n = 1123) and 722 terminations of preg-
nancy performed in control women (n = 2905) during a max-
imum of 25 years of follow-up. On average, 25% of women
with type 1 diabetes and 20% of control women who were
pregnant between 1987 and 2011 had experienced at least one
termination of pregnancy. The rate of termination of pregnan-
cy was 277 per 1000 person-years of being pregnant in wom-
en with type 1 diabetes and 167 per 1000 person-years of
being pregnant in control women. The risk of termination of
pregnancy (SIR) was increased by 67% (95% CI 51%, 86%)
among women with type 1 diabetes compared with control
women. Among the women with type 1 diabetes, 17.1% of
pregnancies were terminated and among control women,
11.5% of pregnancies were terminated.

The risk of termination of pregnancy did not vary by age
between women with type 1 diabetes and control women
(p = 0.38, Fig. 1). Slightly more terminations were performed
among women with type 1 diabetes than in those without in
women who became pregnant under the age of 30.

Comparing hazard ratios in the two groups of women for
terminations in relation to calendar time, no statistically sig-
nificant difference was seen (p = 0.11, Fig. 1); more termina-
tions of pregnancy were observed among women with type 1
diabetes than in control women before 1995.

In women with type 1 diabetes, the terminated pregnancies
were distributed according to the duration of pregnancy as
follows: 84.9% under 12 weeks, 12.8% during 12–19 weeks
and 2.3% during 20–23 weeks. In control women, the distri-
bution was 89.8%, 8.7% and 1.5%, respectively (p = 0.03 for
difference between women with and without type 1 diabetes).
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Indications for termination of pregnancy We explored the
indications for termination of pregnancy stated on the application
forms: the frequencies of different indications differed between
womenwith andwithout type 1 diabetes. There was a significant
difference between the groups in distribution of termination in-
dications (p = 1.12 × 10−35) (Fig. 2). The difference was
pronounced for social indications (66.9% in the diabetes group,
84.2% in the control group), maternal medical indications
(women with type 1 diabetes, 23.6%; control participants,
0.3%) and age- and parity-related indications (women with type
1 diabetes, 3.2%; control participants, 8.3%), whereas no signif-
icant difference was seen for suspected or diagnosed birth de-
fects. In 38 application forms, data on indications were missing
(9 women with diabetes and 29 control women).

Repeated terminations of pregnancyOf women with type 1
diabetes, 52 had more than one termination during the study
period, with 116 terminations in this group in total; some
women had more than two terminations. The distribution of
pregnancy duration among these women was 93%, 6% and
1% for duration under 12 weeks’, 12–19 weeks’ and

> 20 weeks’ gestation, respectively. There were relatively
more social indications among the terminations performed in
women with repeated procedures (83%) and the proportion of
maternal medical indications was slightly lower (17%) than in
the diabetes group as a whole. The proportions of fetal indi-
cations (suspected or diagnosed birth defects), age and parity
indications were similar to the overall proportions in the dia-
betes group. In women without diabetes, there were 111 wom-
en with repeated terminations of pregnancy and they had 255
terminations. Here, the proportion of procedures performed
before 12 weeks’ gestation was slightly higher (93%) and
the proportion of social indications was larger (87%) than in
the non-diabetes group as a whole.

Sterilisation Sterilisation was more common in women with
type 1 diabetes (597 sterilisations in 2281 women [26.2%])
than in control women (873 sterilisations, 4509 women
[19.4%]) (p = 1.50 × 10−10 for difference, χ2 test); SIR 1.69
(95% CI 1.56, 1.83). The median age at the time of sterilisation
in type 1 diabetes women was lower, at 31.1 years, than in
control women, at 35.7 years (p = 2.20 × 10−16) (Fig. 3). The

Table 1 Termination of preg-
nancy and sterilisation in women
with and without type 1 diabetes

Variable Termination of pregnancy Sterilisation

T1D Non-T1D T1D Non-T1D

Number of:

Women at risk 1123 2905 2281 4509

Procedures 344 722 597 873

Births 1673 5535

Person-years 1243 4317 41,308 92,328

Ratea,b 277a 167a 14.5b 9.5b

SIRc (95% CI) 1.67 (1.51, 1.86) Ref. 1.69 (1.56, 1.83) Ref.

The control group are women without type 1 diabetes
a Terminations of pregnancy per 1000 pregnancy-years
b Sterilisation procedures per 1000 person-years
c Estimated by comparing age-period specific rates in womenwith type 1 diabetes with the comparable rates in the
control group (reference group)

Ref., reference; T1D, type 1 diabetes

Fig. 1 Pregnancy termination
rates per 1000 pregnancy-years:
(a) by age (p = 0.38); and (b) by
calendar time (p = 0.11). The
p values are for the difference
between women with and without
diabetes; 95% CIs are shown as
shading. Solid line with circles,
with type 1 diabetes; dashed line
with triangles, without type 1
diabetes
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risk of sterilisation for women with type 1 diabetes was greater
than for control women before the year 2000 (p = 1.48 × 10−6),
but not later (Fig. 3).

Looking at sterilisations performed in women under
30 years of age, there were 141 operations in women with
type 1 diabetes and 44 among women without type 1 diabetes.
Of these, 27 were performed in women who had no children:
26 with type 1 diabetes and one in the control group.

In women with type 1 diabetes, 22.9% of all sterilisations
were performed because pregnancy—or an additional pregnan-
cy—was considered hazardous for the woman. Only 0.5% of
control women underwent sterilisation with this indication
(p = 2.20 × 10−16). Indications related to age and/or parity
accounted for 99.3% of the sterilisations performed in control
women, whereas in women with type 1 diabetes the proportion
was significantly lower at 82.0% (p < 2.20 × 10−16).

Discussion

In this population-based study, both termination of pregnancy
and sterilisation were significantly more common in women

with type 1 diabetes than in women without. The indications
for both procedures also differed between these groups of
women. Previously [20], we reported that people with
childhood-onset type 1 diabetes had fewer live-born children
than people without diabetes. The unique and high-quality
registry data available in Finland enable this type of study to
be carried out. The current findings add further information to
the picture of reproductive health in women with type 1
diabetes.

The frequencies of different indications for termination of
pregnancy differed between women with and without type 1
diabetes. Most importantly, in the type 1 diabetes group,
23.6% of all terminations were performed on the basis of
maternal medical indications, whereas the corresponding fre-
quency in the control group was only 0.3%. Additionally,
66.9% (women with type 1 diabetes) and 84.2% (control par-
ticipants) of terminations were performed for social reasons.
According to national statistics, terminations of pregnancy in
Finnish women were performed for social reasons in 96.6%,
for fetal indications in 2.2% and for maternal medical reasons
in 0.6% of cases in 1987–2011 [21]. In our control group, the
proportions of different termination indications were in line
with the nationwide statistics.

There weremore terminations of pregnancy in women with
type 1 diabetes than in control women. In calculating the SIRs
of terminations, we considered that women with type 1 diabe-
tes would probably be less likely to get pregnant [20] and
would therefore be considered to be at a lower risk of termi-
nation of pregnancy.

The women in our study cohort were born during 1947–
1979 and our study covers registry data from 1987 to 2011.
This means that many of the terminations of pregnancy and
sterilisations performed in women in the cohort have not been
included, as they would have been performed before the start
of our study. The start date coincides with the establishment of
the Finnish Birth Register; information from before 1987 is
not as easily accessible. Because sterilisation is more often
performed at a younger age in women with type 1 diabetes
than in those without, this study probably underestimates the

Fig. 2 Numbers and indications of terminations of pregnancy in women
with and without type 1 diabetes. Grey bars, with type 1 diabetes; black
bars, without type 1 diabetes

Fig. 3 Sterilisation rates per 1000
person-years: (a) by age
(p < 2.2 × 10−16); and (b) by
calendar time (p = 1.544 × 10−8).
The p values are for the difference
between women with and without
diabetes; 95% CIs are shown as
shading. Solid line with circles,
with type 1 diabetes; dashed line
with triangles, without type 1
diabetes
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number of sterilisations in women with diabetes to a higher
degree than in the women without diabetes. The number of
terminations of pregnancy is also underestimated for many of
the older women in the cohort, but probably more equally in
the two groups of women.

The number of terminations of pregnancy in women with
type 1 diabetes decreased before the year 2000 and then in-
creased again, which cannot be explained by any changes in
legislation or guidelines during this period. This probably
mostly relates to the age distribution in the cohort; during
the late 1980s and 1990s, a large proportion of women in
the cohort were in their 30s and gave birth. In our study, the
women with diabetes seldom had children after the age of 40,
whereas the women without diabetes had their children more
evenly throughout their fertile years. It could also be related to
women with diabetes having acquired diabetic complications
after a longer disease duration and thus not wanting to risk
their health by having another pregnancy. There are relatively
few women born in the 1970s in our cohort, which makes it
difficult to estimate how the general progress in preventing
diabetes complications has influenced pregnancy outcome
and pregnancy planning in different birth cohorts.

In a Danish questionnaire study, 17.9% of reported pregnan-
cies in women with type 1 diabetes ended with termination
[13]. This study included women aged 20–65 years, which
means that many of them were still of reproductive age. No
information on termination indications was available. In a re-
gion in Denmark, data concerning all pregnancies in women
with type 1 diabetes were recorded for a 15 year period, during
which 12.5% of the pregnancies were terminated. Of the termi-
nations performed in this study population, 24% were per-
formed for maternal medical reasons [15]. In a more recent
British study involving primary-care records, the frequency of
termination of pregnancy was 9.6% in pregnancies with pre-
pregnancy type 1 diabetes. Of these, 67% were performed for
non-medical reasons [14]. The proportion of all pregnancies
terminated in our study resembles more the Danish than the
British results. This might partly be because the British study
is more recent than both our study and the Danish study: better
pre-pregnancy care might reduce the number of terminations of
pregnancy. The proportions of maternal medical indications are
quite similar in all three studies where they have been recorded.

Although birth defects in general are much more common
in pregnancies of women with pre-pregnancy type 1 diabetes
[10], in this study we detected no difference between women
with and without type 1 diabetes in the proportion of termina-
tions of pregnancy carried out for fetal indications. This might
be a result of the low absolute number of suspected and de-
tected birth defects in our study. In a British hospital-based
cohort study conducted from 1997 with 462 recorded preg-
nancies in women with type 1 diabetes, there were 24 termi-
nations of pregnancy, of which nine were performed because
of congenital anomalies [12]. The Scottish Diabetes in

Pregnancy Group recorded 273 pregnancies during a 1 year
period; of these, 20 ended in termination. Of these 20, six were
performed because of fetal indications [14].

For some reason, data on termination indication was missing
in 38 forms, nine forwomenwith diabetes and 29without. These
women represent 2.6% of the women with diabetes and 4% of
the control women, proportions that can be considered small. In
the clinical situation, the forms have most probably been com-
pleted by interviewing the women, but we did not have access to
hospital records and could therefore not complete our data.

In our study, sterilisations were performed at a younger age
in women with type 1 diabetes than in non-diabetic women,
therefore they also happened earlier in the follow-up period. It
is not possible to find out from our registry-based data whether
these differences, which are inherently correlated, were pri-
marily driven by age or calendar time,

In our study, 13 women (five with diabetes and eight with-
out) underwent two sterilisation operations, of which the first
one was obviously not successful as they all subsequently
became pregnant and either gave birth or had a termination
of pregnancy before the second one. Some women, however,
might have undergone a sterilisation reversal operation after
the first sterilisation, but we lack information on sterilisation
reversal operations. None of the pregnancies following
sterilisation procedures was a result of infertility treatment.

In the 2010s, sterilisation at young age is seldom needed in
women with type 1 diabetes. Most contraceptive methods are
nowadays considered suitable for women with diabetes and
genuine family planning is very important to reduce the risk
of birth defects. This includes providing information to all
fertile-agedwomenwith diabetes on folic acid supplementation
before pregnancy, the importance of not smoking and achiev-
ing good metabolic control before conception, and factual
research-based information on the risks that are still associated
with pre-pregnancy diabetes. A further improvement in the
clinical management of women with childhood-onset type 1
diabetes could also reduce the number of terminations of preg-
nancy that are performed for maternal medical indications.

During recent years, the frequencies of sterilisation in
women with and without diabetes have been similar. The dif-
ference between the groups in our study vanished around the
year 2000. Attitudes towards pregnancy in type 1 diabetes
have changed during the long period covered by our study,
and this might have affected the trends observed over time.
Simultaneously, sterilisation as contraception has declined in
popularity among women both with and without diabetes
[22]. This change might be because of the increasing use of
other efficient but reversible contraception methods, particu-
larly hormonal intrauterine devices [21], which can be used in
all women with or without diabetes.

In conclusion, the indications for termination of pregnancy
and sterilisation are different in women with diabetes com-
pared with other women. Pregnancies in women with type 1
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diabetes are still terminatedmore often than in women without
diabetes, but the difference in sterilisation rates has disap-
peared during recent years.
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