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ABSTRACT

Objective: The risk of fetal death increases steeply
after 42 gestational weeks. Since 2009, Denmark has
had a more proactive policy including prevention of
prolonged pregnancy, and early intervention in women
with diabetes, preeclampsia, high body mass index and
of a higher age group. The aim of this study was to
describe the development in fetal deaths with this more
proactive birth induction practice, and to identify and
quantify contributing factors for this development.
Design: National cohort study.

Setting: Denmark.

Participants: Delivering women in Denmark, 1
January 2000 to 31 December 2012.

Outcome measures: Stillbirths per 1000 women at
risk (prospective risk of stillbirth) and per 1000
newborn from 37 and 40 gestational weeks,
respectively, through the study period.

Results: During the study period, 829 165 children
were live born and 3770 (0.45%) stillborn. Induction of
labour increased from 12.4% in year 2000 to 25.1% in
2012 (p<0.001), and the percentage of children born
at or after 42 weeks decreased from 8.0% to 1.5%
(p<0.001). Through the same period, the prospective
risk of stillbirth after 37 weeks fell from 0.70 to 0.41/
1000 ongoing pregnancies (p<0.001), and from 2.4 to
1.4/1000 newborn (p<0.001). The regression analysis
confirmed the inverse association between year of birth
and risk of stillbirth. The lowest risk was observed in
the years 2011-2012 as compared with years 2000—
2002 with a fully adjusted HR of 0.69 (95% Cl 0.57 to
0.83). The general earlier induction, the focused earlier
induction of women with body mass index >30, twins,
and of women above 40 years and a halving of
smoking pregnant women were all independent
contributing factors for the decrease.

Conclusions: A gradually more proactive and
differential earlier labour induction practice is likely to
have mainly been responsible for the substantial
reduction in stillbirths in Denmark.

INTRODUCTION

Fetal death is still a dreaded complication of
pregnancy, not least when occurring at term.
The worldwide number of stillborn infants is
estimated at 2.6 million per year, and the

Strengths and limitations of this study

= Complete national data through a 13-year-long
study period.

= Data analysed for all births after 37 weeks and
after 40 weeks, respectively.

= Access to important confounders.

= Complete follow-up on all children born during
the study period.

= A clear clinical message.

causes of a substantial number of these
deaths are yet unknown.' Identified risk
factors include high maternal age, adiposity,
fetal asphyxia, infections and different mater-
nal medical diseases.”” Randomised studies
have suggested a potential for prevention of
fetal deaths by earlier induction of
deliveries.®

Over the past two decades, the discussion
of induction of labour versus expectant man-
agement has been prevalent among obstetri-
cians.” A national Danish guideline in 2009
recommended induction of pregnant women
ensuring  delivery  before 42 weeks.®
Generally, pregnant women have since been
offered labour induction at 42+3-5, while
women at risk (body mass index >30 or age
>40 years) have been offered induction at
41 weeks. Lastly, women at a high risk such as
women with multiple pregnancies, pre-
eclampsia or intrauterine growth restriction
are often recommended induction before
term.

The aim of this study was to describe birth
induction practice in Denmark since 2000,
the corresponding development in post-term
deliveries, and the stillbirth rates from 37
and 40 weeks of gestation, respectively (pro-
spective  stillbirth rate), and per 1000
newborn. Second, to adjust these trends in
rates of stillbirth for important risk factors of
stillbirth.

BM

Hedegaard M, et al. BMJ Open 2014;4:6005785. doi:10.1136/bmjopen-2014-005785 1


http://dx.doi.org/10.1136/bmjopen-2014-005785
http://dx.doi.org/10.1136/bmjopen-2014-005785
http://dx.doi.org/10.1136/bmjopen-2014-005785
http://bmjopen.bmj.com

Open Access 8

METHODS

Design and setting

In a historical cohort design, data were collected from
the Danish Birth Register, covering the period January
2000 through December 2012. The Registry is consid-
ered complete through this period. In order to reduce
random variation, the 13-year study period was subdi-
vided into five subperiods of 3, 3, 3, 2 and 2 years’
length, respectively.

Participants

All live births and stillbirths during the study period
were included. For each gestational day after 37 weeks,
the number and distribution of all newborn and still-
births were assessed. The gestational ages were generally
assessed from first trimester ultrasound examinations.
For the few women not attending this routine offer to
all pregnant women in Denmark, the last menstrual
period was used.

Outcome measures

Rates of stillbirth per 1000 ongoing pregnancies, also
called the prospective risk of stillbirth, were calculated
with a daily update from 37 weeks of gestation, account-
ing for the rapidly declining denominator, especially
after term.” The proportion of deliveries and of still-
births after 37, 40, 41 and 42 weeks/1000 newborn were
calculated annually from 2000 through 2012, and in dif-
ferent subperiods within this study period.

The gestational age was recorded in 99.4% of all
newborn during the study period. Of 146 missing gesta-
tional ages among stillborn infants, we sought in
medical charts and local registers and achieved this
information in 42 women, all of whom had ended their
pregnancy before 37 weeks. Therefore, all with a missing
gestational age were allocated to the premature group.
Gestational ages were, however, achieved for all stillbirths
in 2011 and 2012.

From 2004, a birth has, in Denmark, been defined as
any pregnancy that ends after 22 weeks of gestation and
live born before 22 weeks. Before 2004, only live births
between 22 and 28 weeks were considered as births,
while delivery of dead fetuses before 28 weeks and live
born before 22 weeks were considered as abortions. This
technicality explains a minor increase in stillbirths
before 37 weeks of gestation from 2003 to 2004.

Deaths within the first week after delivery were
assessed for all included live born and rates of death
were calculated in each study year.

In the analytical assessment, analyses of the cumula-
tive risk of stillbirth with increasing gestational age per
1000 ongoing pregnancies were estimated using a
Nelson-Aalen estimator with gestational age (in days) as
the time scale.'” By Cox regression analyses, the HRs of
stillbirth by year of birth were estimated using year
2000-2002 as the reference group. Gestational age was
underlying time scale in these analyses. The following
potential confounders were included in the model:

plurality, parity, maternal age, year, smoking and body
mass index. The regression model aimed to quantify
the contribution from each of the potential confoun-
ders for the association between calendar year and
rates of stillbirth.'” HRs with 95% confidence limits
were calculated, and p values below 0.05 were consid-
ered significant. Logistic regression was used to gener-
ate crude ORs.

The main analysis was carried out on all deliveries
from 37 weeks of gestation. As body mass index was not
routinely recorded in the birth registry until 2004, add-
itional sensitivity analyses were carried out for the sub-
period 2004-2012 in order to quantify specifically the
influence of body mass index on the decreasing stillborn
rate. Finally, sensitivity analyses were conducted
restricted to singletons.

RESULTS
During the study period, 832 935 children were born. Of
these, 3770 (0.45%) were stillbirths and 829 165 (99.55%)
live born. The distribution of newborn and stillborn
infants in different pregnancy weeks, the crude rate of still-
born per 1000 ongoing pregnancies and per 1000
newborn in different gestational weeks, from different ges-
tational ages and in different periods are shown in table 1.
The frequency of birth induction increased from
12.4% in 2000 to 25.1% in 2012, with a steep increase
after 2010 (figure 1). The earlier birth induction
reduced the percentage of children born from 42 weeks
of gestation from 8% in 2000 to 1.5% in 2012 (figure 1).
The increasing induction rate and fall in deliveries from
42 weeks were, however, already observable from 2001.

Stillbirths with increasing gestational age

The background for the new induction paradigm in
Denmark is illustrated for the period 2000-2008 in
figure 2. With increasing gestational age, the risk of fetal
death rises, peaking after 43 weeks of gestation with more
than 14 deaths/1000 ongoing pregnancies, a risk more
than 10 times higher than in the weeks before term.

During the period 2009-2012, the stillborn rates were
reduced 21-39%, and stillbirths from 4243 were elimi-
nated (figure 2).

The crude rates of fetal deaths with increasing gesta-
tional age were reduced by 30-66% when adjusting for
age, year, parity, plurality and smoking (figure 3).
Adjustment for body mass index did not change the esti-
mates significantly.

Stillbirths by time

The rate of stillborn infants from 37 weeks of gestation
decreased from 0.70 (95% CI 0.64 to 0.77) per 1000
ongoing pregnancies (prospective stillbirth rate) during
the period 2000-2002 to 0.41 (0.35 to 0.48) during the
period 2011-2012 (figure 4). The corresponding rate of
stillborn infants from 40 weeks fell from 1.8 (1.6 to 2.1)
during the period 2000-2002 to 0.74 (0.56 to 0.98)

2 Hedegaard M, et al. BMJ Open 2014;4:¢005785. doi:10.1136/bmjopen-2014-005785



8 Open Access

Table 1

Rates* of live born and stillborn in and from different gestational weeks and periods in Denmark 2000—2012

2000-2002 2003-2005 2006-2008 2009-2010 2011-2012 2000-2008 2009-2012 2000-2012

Number of live born and stillborn infants

Born (n) 197 222 194 774 196 023 127 165 117 751 588 019 244916 832 935
Stillborn (n) 835 915 992 539 489 2742 1028 3770
Stillbirths per 1000 ongoing pregnancy weeks (prospective risk of stillbirth)
<37 0.22 0.20 0.21 0.17 0.17 0.21 0.17 0.20
37+0-6 0.39 0.46 0.39 0.27 0.23 0.41 0.25 0.37
38+0-6 0.36 0.51 0.46 0.41 0.34 0.44 0.38 0.42
39+0-6 0.56 0.54 0.63 0.44 0.46 0.57 0.45 0.54
40+0-6 1.20 0.95 0.97 0.93 0.76 1.04 0.85 0.98
41+0-6 2.29 2.40 1.73 1.35 0.54 2.15 0.98 1.82
42+ 15.55 6.09 11.16 6.60 7.83 11.60 6.96 10.86
Total 0.35 0.29 0.28 0.23 0.21 0.30 0.22 0.27
From 37 weeks 0.70 0.67 0.63 0.50 0.41 0.67 0.46 0.61
From 40 weeks 1.84 1.43 1.30 1.10 0.74 1.54 0.93 1.36
From 41 weeks 3.12 2.46 2.09 1.51 0.69 2.60 1.14 2.21
Stillborn per 1000 newborn
From 37 weeks 2.39 2.21 2.07 1.68 1.36 2.23 1.52 2.02
From 40 weeks 2.11 1.59 1.41 1.20 0.77 1.71 0.99 1.50
From 41 weeks 2.43 1.82 1.46 1.04 0.41 1.93 0.73 1.57
From 42 weeks 3.16 1.05 1.55 0.82 0.95 2.04 0.86 1.79

*Absolute numbers are given in online supplementary appendix table S1.

during 2011-2012, a reduction of 60% (p<0.001). The
fall was steepest from 2009-2010 to 2011-2012.

The rate of stillborn infants per 1000 newborn after
37 weeks demonstrated a similar decrease from 2.4 (2.2
to 2.6) during the period 2000-2002 to 1.4 (1.2 to 1.6)
during 2011-2012, a fall of 43% (figure 4). Among chil-
dren born from 40 weeks, the corresponding stillborn
rates fell from 2.1 (1.9 to 2.4) per 1000 newborn to 0.77
(0.58 to 1.0) or by 63% (p<0.001) (figure 4).

Regression analysis
Several conditions that may have influenced the risk of
fetal death changed during the study period (table 2).

Figure 1 Proportion (%) of
induced deliveries and of children
born from 41 and 42 weeks,
respectively, in Denmark from
2000 to 2012. Number of children

born: 832 935.
20

10

0

The mean age of delivering women after 37 weeks of gesta-
tion increased from 30.1 years in 2000-2002 to 30.9 years
in 2011-2012, and the proportion of delivering women
>40 years increased from 2.0% to 3.5% (p<0.001).

The mean body mass index increased from 24.1 kg/m*
in 2003-2005 to 24.4 kg/m2 during 2011-2012, and deli-
vering women with a body mass index above 25 kg/ m?
increased from 32% to 34.4% through the same period
(p<0.001).

While these changes are expected to increase the risk of
fetal death, the proportion of pregnant smokers decreased
from 20.5% in 2000-2002 to 11.5% in 2011-2012, almost a
halving (p<0.001).

%
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Figure 2 Fetal deaths per 1000
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The proportion of primiparous increased slightly from
43% to 44.5% through the study period, while the pro-
portion of multiple pregnancies after 37 weeks was
almost stable: 2.4% in 2000-2002, 2.6% in 2006-2008
and 2.5% in 2011-2012 (table 2). The proportion of
multiple deliveries after 40 weeks of gestation from an
already low 0.12% decreased to 0.04%. Thereby, post-
term multiple deliveries almost disappeared through the
study period.

In the fully adjusted model, the following HRs of fetal
death were demonstrated: smoking 1.4 (1.2 to 1.6), body
mass index >25 kg/m* 1.5 (1.3 to 1.7), decreasing from
1.7 (1.4 to 2.0) during the period 2004-2008 to 1.3 (1.0
to 1.6) in 2009-2012. Primiparous had a relative risk of
stillbirth of 1.2 (1.1 to 1.3) and multiple pregnancy of
51.5 (44.4 to 59.6).

With adjustment for gestational age at delivery, the
decline in stillbirths was reduced from -41.5% to
—35.5% suggesting that the general earlier induction in
it self-accounted for about 15% of the reduction.
Further adjustment for smoking, age at delivery and
parity increased the fall from -35.5% to —-37.6%,
because the decrease in smoking counterbalanced the
influence of the slightly increasing age and proportion
of primiparous by time. By additional adjustment for
plurality, the relative risk of stillbirth by time was
reduced from —-37.6% to —31.4%, suggesting that the

changes in the management of twin pregnancies
accounted for approximately 16% of the decrease.

In the subanalysis covering the period 2004-2012,
during which information about body mass index was
available, the decreasing risk of stillbirth among women
with high body mass index by time implied a further non-
significant 4% reduction in overall stillbirth rates by time.

The rest of the reduction in stillbirths is thus appar-
ently due to the differential induction practice, where
women with high-risk pregnancies are induced more
proactively (earlier) than low-risk pregnancies.

The risk of fetal death in the week after term was
reduced by 33-38% (p<0.01), in the week after 41 weeks by
30-33% (p<0.01) and after 42 weeks by 30-33% (p<0.05)
(figure 2). Thus, the new induction paradigm first moved
deliveries from late weeks with a high risk of stillbirth to
earlier weeks with a lower risk; second, in particular, moved
high-risk pregnancies to earlier induction; and third, also
reduced the risk of fetal death in each post-term week.

The decrease in the rate of stillbirth corresponds to a
reduction in absolute numbers of stillborn infants after
37 weeks from 136 stillbirths per year to now about 75
per year, a reduction of approximately 60 per year
(p<0.001), corresponding to one saved stillborn infant
per 1000 newborn.

During gestational weeks 37-40, the annual number
of stillbirths fell from around 80 per year during the
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period 2000-2008 to 50 per year during 2009-2012. This
reduction coincided with an increase in second trimes-
ter induced abortions on fetal indication from annually
292 during the period 2000-2008 to 410 per year during
the period 2009-2012, an increase of 118 induced abor-
tions per year.11

The risk of dying during the first week of life was
reduced among children born after 37 weeks from 1.7
(1.4-2.0) per 1000 newborn in 2000 to 0.8 (0.6-1.0) per
1000 live born in 2012."

The Caesarean section rate in Denmark has, after a
steady increase over more than 40 years, been stable
throughout the past 10 years at about 20% of all deliver-
ies, even with a slight reduction from 20.4% in 2009 to
19.8% in 2012 (p<0.01)."*

The sensitivity analysis excluding women with
unknown gestational age did not change anything after
37 weeks, but decreased slightly the risk of fetal deaths
before 37 weeks (data not shown).

Sensitivity analyses restricted to singletons enhanced
the fall in stillbirth rates by time. For all deliveries, the
adjusted fall by time was —31% and for singletons —43%.

DISCUSSION
We report a decrease in risk of fetal death after 37 weeks
to 0.14% on a national level, which is the lowest risk ever

== rU e

=0=Adjuste d

Gestational weeks

38 39 40 41 42 43

reported in Denmark. Nor has any similar rate to our
knowledge been published elsewhere.

Ever since the 1990s, there has been an ongoing dis-
cussion of induction of labour versus expectant manage-
ment of women after term.” Through the past 10 years,
a gradually more proactive induction practice has
gained ground over expectant management in several
countries, including Denmark. The decision to make a
Danish guideline in 2009 was stimulated by the NICE
guideline on induction of labour published in 2008 and
the American Congress of Obstetricians and
Gynecologists (ACOG) practice bulletin from 2009.' '*

Before 2009, many women were still not offered induc-
tion until after they passed 42 weeks of gestation. From
2009, the recommended induction regimen prevented
many pregnancies from reaching post-term gestational
weeks of a high risk of fetal death. This change reduced
the number of fetal deaths after term, but should in prin-
ciple not influence the rate of deaths per 1000 ongoing
pregnancies in a certain postterm week. The gestational
age-specific stillbirth rate after 41 weeks was, however,
also reduced. This reduction could not be explained by
the general earlier induction practice, but is, according
to our analyses, a result of an even more proactive induc-
tion practice in women at an increased risk of stillbirth,
such as women with body mass index >30, and women
over 40 years. An increased fetal monitoring after term by
time may also have influenced the decrease.
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Figure 4 Fetal deaths per 1000
ongoing pregnancies (upper), and
per 1000 newborn (lower) after 37
and 40 gestational weeks,
respectively, in different
subperiods from year 2000 to
2012. 95% confidence limits
indicated.
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Through the past 10 years, the majority of Danish ~ Denmark, been widened to all pregnant women from
units have used misoprostol for induction of labour, 2005 to 2006."” Before then, only women 35 years or
either applied vaginally or orally. It has been questioned  older were routinely offered first-trimester screening.
whether induction by misoprostol could increase the  With the new routine, a majority of chromosomal abnor-
risk of uterine hyperstimulation, asphyxia and ultimately =~ malities are detected and pregnancy most often termi-
of neonatal death. In theory, an initiative to reduce the  nated, accounting for the increase of approximately 118
risk of fetal death could lead to neonatal complications  annual second trimester induced abortions. Before the
and neonatal death. It is, therefore, important that the  general screening was fully implemented, some fetuses
reduction in stillbirths was not associated with an  with undetected abnormalities died later in pregnancy.
increase in early neonatal deaths. On the contrary, the  From 20 weeks of gestation until term, 13% of trisomy
early neonatal deaths were halved during the study 21, 75% of trisomy 18 and 35% of trisomy 13 experience
period, a circumstance that undoubtedly was also influ-  fetal death,'® a majority of these before 87 gestational
enced by improved neonatal care through the study  weeks. This circumstance may explain a reduction of

period.

about 15 fetal deaths per year, but only about 7 after

It has been discussed whether induction of labour 37 weeks corresponding to 12% (7/60) of the observed
causes more Caesarean sections.'” Some have argued  reduction in stillborn infants.

that expectant management of labour increases the

During the study period, the quality of screening for

Caesarean section rate due to the risks associated with  structural abnormalities (offered in general throughout

prolonged pregnancy.'® The

reduction in  the period) and Doppler ultrasound improved the moni-

Caesarean sections with the new induction paradigm  toring of fetuses in utero, making it easier to detect
demonstrates that a proactive induction practice does  threatened fetuses and to intervene to avoid further
not necessarily increase the frequency of surgical  complications including fetal death. However, these cir-

interventions.

cumstances are probably of minor importance for the

The offer of first trimester combined screening  decrease in stillbirths, as other countries with the same
(double test and nuchal translucency scan) has, in  technical improvement have not observed a similar

6

Hedegaard M, et al. BMJ Open 2014;4:¢005785. doi:10.1136/bmjopen-2014-005785



Table 2 Characteristics of women giving birth at term and relative risk of stillbirth by time

Open Access

2000-2002 2003-2005 2006-2008 2009-2010 2011-2012

Mean age (years) 30.1 30.6 30.8 30.9 30.9
Mother >40 years 3584 4366 5436 3740 3777
% >40 years 2.0 24 3.0 3.2 3.5
BMI recorded (n) NA 112 635 167 962 111 972 106 201
Mean BMI NA 241 24.2 24.3 24.4
BMI >25 NA 36 076 54 903 37616 36 528
% BMI >25 NA 32.0 32.7 33.6 34.4
BMI >30 NA 12 480 19 683 13 946 13720
% BMI >30 NA 11.1 11.7 12.5 12.9
BMI >35 NA 4032 6813 4880 4689
% BMI >35 NA 3.6 4.1 4.4 4.4
Smoker 37 540 30 782 25 656 14 891 12 527
% smokers 20.5 171 14.2 12.6 11.5
Multiple pregnancies 4353 4617 4727 3116 2747
% multiples 24 2.6 2.6 2.6 25
Stillborn multiples 51 111 61 40 29
% stillborn multiples 1.2 24 1.3 1.3 1.1
Para 0 78718 77 231 77 685 51675 48 584
% Para 0 43.0 42.9 43.0 43.8 44.5
Regression analysis HR* of stillborn (2000-2002 reference)
Crude 1 0.95 0.89 0.72 0.59
Adjusted for GA 1 1.02 0.98 0.78 0.65

95% Cls 0.89to 1.17 0.85t0 1.12 0.66 to 0.92 0.53t0 0.78
Adjusted except pluralityt§ 1 1.03 0.89 0.73 0.62

95% Cls 0.90to 1.18 0.78 to 1.03 0.61 to 0.86 0.52 to 0.75
Fully adjusted| 1 1.07 0.96 0.78 0.69

95% Cls 0.93 to 1.23 0.83 to 1.11 0.65 to 0.92 0.57 to 0.83

*HRs by Cox regression. The crude estimates were calculated by logistic regression and the risk estimates were ORs.

%Adjusted only for age, smoking and parity.
Additionally adjusted for plurality.
BMI, body mass index; NA, not applicable.

decrease in stillbirths. In Sweden, the proportion of
deliveries after 42 weeks was 7.5% in 2000 and 6.5% in
2011. During the same period, the stillbirth rate after 37
gestational weeks was stable between 1.6 and 1.9/1000
newborn.'” In Norway, 4.8% of deliveries occurred at
42 weeks or later and the stillbirth rate after 37 weeks
was 1.47/1000 newborn,% figures close to Danish
figures in 2010.

The earlier induction of multiple pregnancies
explained about 15% of the reduction in stillbirths. The
selective early induction of high-risk pregnancies such as
pregnancies in women with high body mass index,
women above 40 years, and women with multiple preg-
nancies explains why the impact of these risk factors
decreased by time. Worldwide, maternal age at delivery
has increased over the past five decades, and Denmark
is no exception.”’ As high maternal age is associated
with stillbirth, this increase should have increased the
stillbirth rates slightly by time.” #* **

Determining the optimal time to deliver necessarily
involves balancing induction risks and benefits.
According to earlier studies, the risks of post-term deliv-
eries include an increased perinatal mortality, meco-
nium aspiration, macrosomnia, low umbilical cord artery
pH and low Apgar score at 5 min.** Inducing labour too

early, on the other hand, may cause iatrogenic prematur-
ity and respiratory complications.”” *°

When considering the overall risk of either fetal or
infant death, previous studies have suggested the risk of
expectant management to be lower than the risk of
delivery until about 38 weeks. Passing 38 weeks, the risk
of expectant management was found to be higher than
the risk of delivery, and the risk difference increases sub-
stantially after 40 and 41 weeks of gestation, favouring
delivery over expectant management.”’

A Scottish historical cohort study by Stock et al® simi-
larly demonstrated a substantial lower perinatal mortality
in women induced at 41 weeks as compared with expect-
ant management: OR=0.30 (95% CI 0.20 to 0.46).

Among the strengths of this study are the almost com-
plete coverage of deliveries® and access to data, making
possible an evaluation of circumstances that might have
influenced the stillbirth rates. The main limitation is the
observational design and the difficulty to account effect-
ively for all potential confounders. The significant reduc-
tion in fetal deaths seen in Denmark has not been
observed in Sweden, where the handling of post-term
pregnancies has undergone less change.'”

In conclusion, the striking decrease in risk of late fetal
deaths through recent years is likely primarily to be due
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to the earlier and increased induction rate. The add-
itional health costs to save these lives were low, and the
reduction was obtained without an increase in surgical
interventions.

An important issue that needs further studies is the
morbidity in newborn through the same study period to
confirm that the reduced mortality is not at the expense
of an increased morbidity in newborn.

Denmark already had a low stillbirth rate a decade
ago.! With the further reduction in stillbirths, we may
now have achieved the lowest stillbirth rate ever
reported. We see no reason why a similar, more pro-
active induction paradigm could not be implemented in
other countries, with further reduction in late stillbirths
succeeding worldwide.
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