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Risk of complications of pregnancy in women with type 1 diabetes:
nationwide prospective study in the Netherlands
Inge M Evers, Harold W de Valk, Gerard H A Visser

Abstract
Objective To investigate maternal, perinatal, and neonatal
outcomes of pregnancies in women with type 1 diabetes in the
Netherlands.
Design Nationwide prospective cohort study.
Setting All 118 hospitals in the Netherlands.
Participants 323 women with type 1 diabetes who became
pregnant between 1 April 1999 and 1 April 2000.
Main outcome measures Maternal, perinatal, and neonatal
outcomes of pregnancy.
Results 84% (n = 271) of the pregnancies were planned.
Glycaemic control early in pregnancy was good in most women
(HbA1c ≤ 7.0% in 75% (n = 212) of the population), and folic
acid supplementation was adequate in 70% (n = 226). 314
pregnancies that went beyond 24 weeks’ gestation resulted in
324 infants. The rates of pre-eclampsia (40; 12.7%), preterm
delivery (101; 32.2%), caesarean section (139; 44.3%), maternal
mortality (2; 0.6%), congenital malformations (29; 8.8%),
perinatal mortality (9; 2.8%), and macrosomia (146; 45.1%)
were considerably higher than in the general population.
Neonatal morbidity (one or more complications) was extremely
high (260; 80.2%). The incidence of major congenital
malformations was significantly lower in planned pregnancies
than in unplanned pregnancies (4.2% (n = 11) v 12.2% (n = 6);
relative risk 0.34, 95% confidence interval 0.13 to 0.88).
Conclusion Despite a high frequency of planned pregnancies,
resulting in overall good glycaemic control (early) in pregnancy
and a high rate of adequate use of folic acid, maternal and
perinatal complications were still increased in women with type
1 diabetes. Neonatal morbidity, especially hypoglycaemia, was
also extremely high. Near optimal maternal glycaemic control
(HbA1c ≤ 7.0%) apparently is not good enough.

Introduction
Pregnancy in women with type 1 diabetes mellitus is associated
with an increased risk of congenital malformations, obstetric
complications, and neonatal morbidity. These adverse outcomes
are at least in part related to periconceptional care, especially the
level of glycaemic control. Adequate preconceptional care
reduces the frequency of congenital malformations and
improves outcome of pregnancy.1 2 Motivating diabetic women
to plan their pregnancies, to optimise glycaemic control, and to
start folic acid supplementation before conception is thus an
established goal. With this strategy, it is hoped that the goals of
the St Vincent declaration can be achieved, with outcomes of
pregnancy approximating those of non-diabetic women.3

Some authors have indeed found that outcomes of
pregnancy in women with type 1 diabetes approached those of
the non-diabetic population.1 4 5 However, most of these data
were from centres with a special interest in diabetes and
pregnancy and were therefore not representative of the total
population. Three studies from large regions in the United
Kingdom have shown that high levels of non-attendance at pre-
conceptional care facilities and poor glycaemic control still exist
among women with diabetes.6–8 Pregnancy outcome was poor in
these studies, with high rates of congenital malformations. Data
from nationwide populations are scarce, and most of them have
been collected retrospectively.9–13 The outcomes are generally
more favourable than in the United Kingdom regions but still do
not meet the goals of the St Vincent declaration. To determine if
these goals are being met in the Netherlands, we conducted a
nationwide prospective study in pregnant women with type 1
diabetes during 1999-2000.

Methods
We asked all gynaecologists, internists, and diabetes nurse
educators in the Netherlands to include all women with type 1
diabetes presenting for antenatal care between 1 April 1999 and
1 April 2000. All 118 Dutch hospitals participated, and a total of
364 eligible women were reported to the study coordinator
(IME). We excluded 41 (11%) women because of first trimester
spontaneous abortion (23; 6%), diagnosis of type 2 or secondary
diabetes (16; 4%), or loss to follow up (2; 1%). We report here
analyses concerning the remaining 323 pregnancies. All partici-
pants gave written informed consent.

Eligible women filled in questionnaires at inclusion (at
around 10 weeks’ gestation), at the end of the first trimester
(around 17 weeks), and during the third trimester (around 34
weeks). Internists filled in a questionnaire including general
characteristics, medical history, and diabetes related items;
gynaecologists gave information about the outcome of
pregnancy; and paediatricians filled in a questionnaire to collect
information of the newborns.

We recorded maternal characteristics (age, body mass index,
marital status, ethnic origin, education level, alcohol use,
smoking habits, and parity), duration of diabetes, presence of
chronic complications (retinopathy, nephropathy, macroangio-
pathy), and treatment of diabetes (continuous subcutaneous
insulin infusion or multiple insulin treatment, human insulin or
analogue (lispro) insulin).

Glycaemic control during pregnancy
We collected HbA1c concentrations during the first (n = 283), sec-
ond (n = 276), and third trimesters (n = 262) from the local hos-
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pitals. We adopted a standardisation procedure to adjust for
variations between the local HbA1c assays.14 We divided glycaemic
control into three categories: mean HbA1c ≤ 6.0% (within normal
range; “excellent”), mean HbA1c 6.1-7.0% (2-4 standard
deviations from mean; “good”), and mean HbA1c > 7.0% (“not
optimal”). We also asked the women to send a self obtained cap-
illary blood sample to a central laboratory (Queen Beatrix Hos-
pital, Winterswijk, Netherlands) for determination of HbA1c

(HPLC, normal reference value 4.0-6.0%) early in pregnancy at
about 10 weeks. We included only samples received between 8
and 14 weeks’ gestation (n = 227).

Severe hypoglycaemia occurring during the first and third
trimesters was recorded. We defined severe hypoglycaemia as all
episodes for which external help was needed, including hypogly-
caemic coma.15 16

Outcome measures
Obstetric complications—We defined pre-eclampsia as a diasto-

lic blood pressure ≥ 90 mm Hg on two occasions at least four
hours apart in the second half of pregnancy in a previously nor-
motensive woman and proteinuria ( ≥ 300 mg/24 hours).17 In
patients with pre-existing hypertension, pre-eclampsia was diag-
nosed when proteinuria occurred de novo in the second half of
pregnancy.

Perinatal outcome—We divided congenital malformations into
major and minor malformations. We classified a malformation as
major if it was fatal, potentially life threatening, likely to lead to
serious handicap or major cosmetic defect, or requiring major
surgery. We classified chromosomal abnormalities as major mal-
formations. We included fetuses of ≥ 24 weeks’ gestation, weigh-
ing ≥ 500 g, or both (n = 324) and therapeutic abortions due to
congenital malformations or chromosomal abnormalities
(n = 4). We defined perinatal mortality as fetal losses from 24
weeks of gestation, ≥ 500 g, or both, together with all postnatal
deaths up to seven days after birth. We grouped birth weight by
centiles according to the official Dutch growth charts, published
in 1970,18 and according to a growth chart based on the 1998
Dutch perinatal database (including 181 000 deliveries).19 We
defined macrosomia as birth weight above the 90th centile cor-
rected for gestational age, sex, and parity. We defined severe
macrosomia as birth weight above the 97.7th centile.

Neonatal outcome—We defined neonatal hypoglycaemia as
blood glucose < 2.6 mmol/l and severe neonatal hypoglycaemia
as blood glucose < 2.0 mmol/l.20 We defined infant respiratory
distress syndrome according to Giedion et al and according to
clinical symptoms of respiratory stress.21

We compared maternal and perinatal outcomes with
national data from the 1998 Dutch perinatal database and with
data from Statistics Netherlands.19 22–27 Information about
pregnancy, delivery, and puerperium of pregnancies with a dura-
tion of at least 16 completed weeks is collected in the Dutch peri-
natal database, which contains data on 91% of all deliveries.

Statistical analysis
We used SPSS for the statistical analyses.28 We present data as
means with standard deviations or as percentages. We compared
continuous data by using Student’s t test (and non-parametric
tests if appropriate) and categorical data by using the �2 test or
Fisher’s exact test. We considered associations with P < 0.05 to be
significant. We also calculated relative risks and associated 95%
confidence intervals.

Results
The 323 pregnancies in women with type 1 diabetes included
four therapeutic abortions, two due to major congenital malfor-
mations (spina bifida and anencephaly) and two due to chromo-
somal abnormalities. One maternal death occurred at 17 weeks’
gestation, and four other pregnancies ended before 24 weeks of
gestation, leaving 314 ongoing pregnancies. Of these, eight were
twin pregnancies and one was a triplet pregnancy, resulting in
324 infants born after 24 weeks of gestation.

Maternal characteristics
Table 1 shows the characteristics of the 323 women. Maternal
age, parity, and race did not differ significantly from those of the
general pregnant population. Mean first trimester HbA1c was
6.5% (SD 0.7%); glycaemic control was excellent (HbA1c ≤ 6.0%)
in 90 (32%), good (6.1-7.0%) in 122 (43%), and not optimal
( > 7.0%) in 71 (25%) of the pregnancies. Mean HbA1c during
pregnancy was 6.2% (0.9%); excellent in 113 (40%), good in 121
(43%), and not optimal in 49 (17%) pregnancies. Mean HbA1c

early in pregnancy determined in the central laboratory was
6.7% (0.7%). Two hundred and seventy one (84%) of the women
had planned their pregnancy, and 226 (70%) had started folic
acid supplementation before conception.

Maternal outcome
Pre-eclampsia—More than 12% of the pregnancies were com-

plicated by pre-eclampsia (table 2), which is 12 times higher than
in the reference group.

Prematurity and caesarean section—The rate of prematurity (that
is, delivery before 37 weeks of gestation) was 32.2% (11.8% (37)
spontaneous and 20.4% (64) induced), a more than fourfold
increase in risk compared with the national population. Reasons
for induced preterm delivery were pre-eclampsia (26, 40.6%), fetal
distress (20, 31.3%), macrosomia (5, 7.8%), and others (13, 20.3%).

Table 1 General characteristics of study population. Values are numbers
(percentages) unless stated otherwise

Women with type 1 diabetes (n=323)

Sociodemographic characteristics

Mean (SD) age (years) 30 (4)

Mean (SD) body mass index (kg/m2) 25 (4)

Married or living together 316 (98)

White 318 (98)

Education level:

Low 61 (19)

Middle 175 (54)

High 87 (27)

Alcohol use (>2 units/week) 19 (6)

Smoking 45 (14)

Nulliparous 167 (52)

Diabetes and treatment

Mean (SD) age at onset of diabetes (years) 17 (8)

Mean (SD) duration of diabetes (years) 13 (8)

Complicated diabetes 87 (27)

Insulin pump therapy (CSII) 118 (37)

Insulin lispro 35 (11)

Glycaemic control

Mean (SD) HbA1c, first trimester (%) 6.5 (1.0)

Mean (SD) HbA1c, second trimester (%) 5.9 (0.9)

Mean (SD) HbA1c, third trimester (%) 6.2 (1.1)

Mean (SD) HbA1c during pregnancy (%) 6.2 (0.9)

Severe hypoglycaemia during pregnancy

First trimester (n=286) 116 (41)

Third trimester (n=264) 44 (17)

CSII=continuous subcutaneous insulin infusion.
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The rate of caesarean section was 44.3% (23.9% (n = 75) primary
and 20.4% (64) secondary), an almost fourfold increase in risk.
Reasons for a primary caesarean section were fetal distress (23,
30.7%), pre-eclampsia (19, 25.3%), macrosomia (15, 20.0%), breech
presentation (9, 12.0%), and others (9, 12.0%). Reasons for a
secondary caesarean section were failed induction or obstructed
labour (33, 51.6%), fetal distress (25, 39.1%), and others (6, 9.3%).

Maternal mortality—Two (0.6%) maternal deaths occurred. One
woman probably died owing to severe hypoglycaemia followed by
a cardiac arrest at 17 weeks’ gestation. The other woman died dur-
ing parturition owing to an amniotic fluid embolism.

Perinatal and neonatal outcome
Congenital malformations—Congenital malformations

occurred in 29 (8.8%) of the infants (table 3), a threefold
increased risk compared with the national population. Major
congenital malformations (n = 18) comprised cardiovascular
anomalies (8), urogenital anomalies (4), and neural tube defects
(3, including one case of caudal regression syndrome). Minor
congenital malformations (11) were anomalies such as hypospa-
dia, vertebral anomalies, and clubfoot. Incidence of congenital
malformations was greater with a higher first trimester
HbA1c—6.3% (6) for HbA1c 4.0-6.0%, 6.4% (8) for HbA1c 6.1-7.0%,
and 12.9% (9) for HbA1c > 7.0%. (First trimester HbA1c was
determined in 23 out of 29 pregnancies with a malformed
infant.) We found the same association when we used centrally
determined HbA1c levels (data not shown). The incidence of (all)
congenital malformations was 6.3% (n = 14) in the pregnancies
with excellent or good first trimester HbA1c ( ≤ 7.0%) compared

with 12.9% (9) in those with non-optimal first trimester HbA1c

( > 7.0%) (relative risk 0.49, 95% confidence interval 0.22 to 1.1).
The incidences of major congenital malformations in these two
groups were 2.7% (6) and 10.0% (7) (relative risk 0.27, 0.09 to
0.79).

Perinatal mortality—Nine perinatal deaths (2.8%; 27.8/1000
births) occurred—six stillbirths and three neonatal deaths. Table
4 summarises the causes of death.

Macrosomia—Mean birth weight of the 324 infants was 3454
(SD 829) g at 37.0 (2.7) weeks of gestation; 170 (52.5%) infants
were macrosomic, including 92 (28.4%) severely macrosomic,
according to the official growth charts. The equivalent
percentages were 45.1% (table 3) and 24.1% (n = 78) according to
the growth charts based on data collected in 1998 (fig). Seventy
seven (23.8%) infants had a birth weight > 4000 g, including 23
(7.1%) weighing > 4500 g. First, second, and third trimester HbA1c

and mean HbA1c during pregnancy were slightly but significantly
higher in the women with a macrosomic infant (mean HbA1c dur-
ing pregnancy 6.4% (SD 0.9%) v 6.0% (0.9%); P = 0.001).

Neonatal outcome—Table 5 summarises neonatal outcomes.
Neonatal morbidity (one or more complications) was present in
260 (80.2%) of infants. Shoulder dystocia and neonatal hypogly-
caemia occurred significantly more often in macrosomic than in
non-macrosomic infants—27.4% (n = 20) v 4.7% (5) (relative risk
5.8, 2.3 to 14.7) and 75.4% (107) v 54.5% (91) (relative risk 1.4, 1.2
to 1.6). Hyperbilirubinaemia, respiratory disorders, hypertrophic
cardiomyopathy, and asphyxia were significantly more common
in preterm infants (all P < 0.005).

Table 2 Maternal outcome of pregnancies complicated by diabetes mellitus type 1 compared with national data

Outcome

Type 1 diabetes (n=314)

National data (n=196 981) (%) Relative risk (95% CI)No % (95% CI)*

Pre-eclampsia 40 12.7 (9.0 to 16.4) 1.05 12.1 (9.0 to 16.1)

Prematurity 101 32.2 (27.0 to 37.4) 7.1 4.5 (3.8 to 5.3)

Caesarean section 139 44.3 (38.8 to 49.8) 12.0 3.7 (3.2 to 4.2)

Maternal mortality 2 0.6 0.01 60.0 (14.3 to 249.6)

Table 3 Perinatal outcome of pregnancies complicated by diabetes mellitus type 1 compared with national data

Outcome

Type 1 diabetes (n=324)

National data (n=200 679) (%) Relative risk (95% CI)No % (95% CI)

Congenital malformations : 29 8.8 (5.7 to 11.9) 2.6 3.4 (2.4 to 4.8)

Major 18 5.5 — —

Minor 11 3.3 — —

Perinatal mortality 9 2.8 (1.05 to 4.6) 0.8 3.5 (1.8 to 6.7)

Macrosomia (>90th centile) 146 45.1 (39.7 to 50.5) 10.0* 4.5 (4.0 to 5.1)

*n=181 000.

Table 4 Characteristics of nine perinatal deaths in pregnancies of women with type 1 diabetes

Case
First trimester HbA1c

(%)
Mean HbA1c during

pregnancy (%) Congenital malformations Obstetric complications
Gestational age at
delivery (weeks)

Size at
birth Cause of death

1*† 5.9 5.8 — Pre-eclampsia 24 AGA Termination of pregnancy

2*† 5.9 5.8 — Pre-eclampsia 24 AGA Termination of pregnancy

3* — — Caudal regression syndrome Placental abruption 24 AGA Placental abruption

4* 8.3 8.0 VSD, renal agenesis — 26 AGA Congenital malformations

5 — — Hypospadia IUGR 27 SGA Multiple organ failure

6 5.6 5.7 Coarctatio aortae Placental abruption (partial),
asphyxia

28 AGA Prematurity

7* 6.9 6.0 — IUGR 29 SGA IUGR

8* 6.6 5.8 — — 36 AGA Unexplained

9 5.5 5.5 — Asphyxia 38 AGA Asphyxia

AGA=appropriate for gestational age; SGA=small for gestational age; IUGR=intrauterine growth retardation; VSD=ventricle septum defect.
*Stillbirth.
†Twin pregnancy.
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Maternal, perinatal, and neonatal outcomes (except for con-
genital malformations) in women with good glycaemic control
(75%, first trimester HbA1c ≤ 7.0%) were comparable to those in
women with less good control.

Planned pregnancies
First trimester HbA1c was significantly lower in the planned preg-
nancies than in the unplanned ones (6.4% (SD 0.9%) v 7.0%
(1.4%); P < 0.001). The incidence of major congenital malforma-
tions was significantly lower in the planned pregnancies (4.2%
(n = 11) v 12.2% (6); relative risk 0.34, 0.13 to 0.88); other
outcomes did not differ.

Severe hypoglycaemia during pregnancy
Forty four (41%) of 264 women were affected by severe hypogly-
caemia during the first trimester, and 116/286 (17%) of the
women were affected during the third trimester. Mean HbA1c

levels were slightly but significantly lower in these women than in
women who did not experience hypoglycaemia (6.4% (SD 0.8%)
v 6.7% (0.7%); P = 0.03). The incidence of macrosomia was
significantly lower in women affected by severe hypoglycaemia
(37.5% (n = 48) v 56.4% (92); relative risk 0.66, 0.51 to 0.85). All
other outcomes were similar.

Use of lispro during pregnancy
Thirty five (11%) of the women used insulin lispro during preg-
nancy. The HbA1c levels, occurrence of severe hypoglycaemia,
and rate of congenital malformations in these women did not
differ from those in women using human insulin.

Discussion
This nationwide study shows that the goals of the St Vincent
declaration for outcome of pregnancy in women with diabetes
are still not being met. Although most women planned their
pregnancy and prepared well (that is, had good glycaemic
control and adequate folic acid supplementation), outcome was
still not comparable to that of the general population. The risks
of congenital malformations, macrosomia, and pre-eclampsia
were increased threefold to 12-fold, and neonatal morbidity,
especially hypoglycaemia, was also extremely high. These results
are in agreement with data from regions of the United Kingdom,
but those studies reported a high level of non-attendance at pre-
conceptional care facilities and poor glycaemic control.

Glycaemic control
The American Diabetes Association has stated that in pregnancy
tight glycaemic control is accomplished when HbA1c is within 1%
above the upper limit of the normal range (4.0-6.0%). HbA1c

concentrations ≤ 7.0% are assumed to be associated with rates of
congenital malformations and macrosomia no greater than
those in pregnancies in non-diabetic women.29 However, our
study shows that such levels of control are not good enough to
prevent these complications. This indicates that current criteria
for strict glycaemic control are not “safe” enough or that HbA1c

does not sufficiently reflect short term glucose variability
(hypoglycaemia and hyperglycaemia).30 Recently, the second
possibility has indeed been shown with the continuous glucose
monitoring system.31 32

Congenital malformations were related (but not significantly)
to HbA1c, but the incidence was higher than that of the general
population, even with normal and almost normal HbA1c values.
This also points to an effect of glucose variability rather than of
HbA1c. The same can be concluded from the high incidence of
macrosomia.33 This incidence was much higher than that
published by other authors, despite overall adequate HbA1c

levels.11 13 34 35 HbA1c was the most powerful predictor for macro-
somia, but its predictive capacity was only weak (explained vari-
ance < 5%).33

Almost all women in our study were white (98%) and married
(98%), and 81% were medium to highly educated. This probably
explains the high rate of planned pregnancies (84%) compared
with other studies, in which percentages of 26% and 59% have
been reported.36 37 The organisation of the Dutch healthcare sys-
tem, which allows access to health care for everyone, may also
have played a role. The incidence of major congenital malforma-
tions was very high in the unplanned pregnancies. Further low-
ering the rate of unplanned pregnancies in the Netherlands is
thus an important goal to achieve. This recommendation is also
supported by the national service framework for diabetes in the
United Kingdom.38

Neonatal morbidity
In general, neonatal morbidity (one or more complications) was
extremely high ( > 80%). Neonatal hypoglycaemia in particular
occurred very frequently and more often than reported by other
authors, although comparison is difficult owing to differences in
definition. Abnormalities of the brain on magnetic resonance
imaging have been described if neonatal glucose falls below 2.6
mmol/l.39 The high occurrence rate of such low values (and even
of values below 2.0 mmol/l) indicates that more aggressive pre-
ventive management is appropriate. Appropriate for gestational
age infants had a lower risk of neonatal hypoglycaemia than
other infants, but the incidence of hypoglycaemia was still unex-
pectedly high in this group. This deserves attention from paedia-
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Distribution of birth weight among 324 infants of women with type 1 diabetes
(reference data from Dutch perinatal database, 199819)

Table 5 Neonatal outcome of 324 infants of women with type 1 diabetes

Outcome No (%)

Shoulder dystocia*: 25 (14)

Clavicle fracture 4 (2)

Erb palsy 1 (1)

Neonatal hypoglycaemia:

<2.6 mmol/l 207 (64)

<2.0 mmol/l 141 (44)

Hyperbilirubinaemia†: 82 (25)

Respiratory disorders: 47 (15)

Infant respiratory distress syndrome 17 (5)

Wet lung 22 (7)

Others 8 (2)

Hypertrophic cardiomyopathy‡ 16 (5)

Apgar score <7 at five minutes 16 (5)

*% of vaginal deliveries (n=179).
†Needing treatment (phototherapy).
‡Clinical diagnosis of hypertrophic cardiomyopathy.
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tricians. All other neonatal morbidity data were comparable to
other studies on type 1 diabetic pregnancies.11 13 34 40 The high
macrosomia rate in our study may (partly) explain the high inci-
dence of neonatal morbidity.

Conclusion
Despite a high frequency of planned pregnancies, resulting in
overall good glycaemic control (early) in pregnancy and a high
rate of adequate use of folic acid, maternal and perinatal compli-
cations were still greatly increased in women with type 1 diabetes.
Neonatal morbidity, especially hypoglycaemia, was also
extremely high. The aims of the St Vincent declaration have not
yet been achieved. Near optimal maternal glycaemic control
(HbA1c ≤ 7.0%) is apparently not good enough.
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What is already known on this topic

Pregnancy in women with type 1 diabetes mellitus is
associated with increased risk of maternal, perinatal, and
neonatal complications

Data from nationwide populations are scarce, and most
have been collected retrospectively

What this study adds

Despite overall adequate glycaemic control (HbA1c ≤ 7.0%),
maternal and perinatal complications remained high in
women with type 1 diabetes

The very high incidence of neonatal hypoglycaemia (64.1%)
occurred in both macrosomic and non-macrosomic infants;
neonatologists should pay special attention to this

Population data are of great importance in assessing the
real effects of current treatment strategies
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