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Temporal changes in fetal death risk in pregnancies with preeclampsia:
Does offspring birthweight matter? A population study
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A B S T R A C T

Objectives: To study the associations of preeclampsia with fetal death risk within percentiles of offspring
birthweight, and whether these associations have changed during 1967–2014.
Study design: In this population study, we included all singleton pregnancies in the Medical Birth Registry
of Norway during 1967–2014 (n = 2 607 199). Odds ratios (ORs) for fetal death associated with
preeclampsia were estimated within percentiles of birthweight by applying logistic regression analyses.
We estimated ORs for the study period as a whole, and for the years 1967–1983 and 1984–2014.
Results: During the study period as a whole, preeclampsia increased the risk of fetal death, OR 2.73 (95% CI
2.57–2.89), and the fetal death risk associated with preeclampsia differed across percentiles of offspring
birthweight. The overall risk of fetal death decreased during our study period, and the decrease was most
prominent in preeclamptic pregnancies with low offspring birthweight (<1 percentile). Thus, in recent
years, the risk of fetal death in pregnancies with low offspring birthweight was lower in preeclamptic
than in non-preeclamptic pregnancies, OR 0.22 (95% CI 0.12-0.41). Only in pregnancies with offspring
birthweight within the 10–90 percentiles, the risk of fetal death associated with preeclampsia remained
significantly increased throughout the study period.
Conclusions: The decline in fetal death risk was most prominent in preeclamptic pregnancies with low
offspring birthweight. The introduction of a national screening program for preeclampsia in the 1980s,
and identification of growth restricted offspring by fetal ultrasonography, may explain our findings.
© 2019 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Preeclampsia is characterized by maternal hypertension and
proteinuria, and is a leading cause of maternal mortality
worldwide [1]. Preeclampsia is also associated with complications
such as fetal growth restriction and fetal death [2,3].

In pregnancies with preeclampsia, the prevalence of fetal
growth restriction is increased [4,5], and it is well known that fetal
growth restriction is associated with increased risk of fetal death
[6,7]. Thus, if fetal growth restriction is diagnosed in a
preeclamptic pregnancy, the offspring may be delivered to prevent
intrauterine death. Most infants born to preeclamptic mothers
have birthweight appropriate for gestational age, and birthweight
may also be increased in pregnancies with preeclampsia [8,9].
Reliable knowledge about the risk of fetal death in normal,
and in large for gestational age offspring in pregnancies with
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preeclampsia is important for clinical decisions about interven-
tion in such pregnancies.

During the last decades, the fetal death rate has declined
significantly in the Western world [10], and the decline has been
more prominent in preeclamptic as compared to non-preeclamptic
pregnancies [11,12]. It is not known whether the decline in fetal
death rate in preeclamptic pregnancies has differed by offspring
birthweight.

Therefore, we studied the temporal changes in fetal death risk
in pregnancies with and in pregnancies without preeclampsia
within categories of offspring birthweight. We included all
singleton pregnancies in Norway during the years 1967–2014.

Materials and methods

We used data from the Medical Birth Registry of Norway. This
registry includes information about all births in Norway from
16+0 weeks of gestation and beyond since 1967 [13]. The
reporting of births to the Medical Birth Registry is compulsory
by law and is performed by the midwife or the doctor attending
the delivery.
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Study population

We aimed at including all singleton pregnancies in Norway
during the years 1967–2014 (n = 2 747 844) (Fig. 1). We excluded
pregnancies with missing information about gestational age of the
offspring at birth and pregnancies with gestational age at birth less
than 23+0 weeks. We also excluded pregnancies with missing
offspring birthweight, offspring sex or maternal age. Of the
remaining, we excluded pregnancies with outlying values on
gestational age at birth (�46+0 weeks) or offspring birthweight
(<250 g or >6500 g). A total of 2 607 199 pregnancies could be
included in our data analyses.

Study factors

Our main outcome measure was fetal death (yes/no). Fetal
death was defined as no sign of life at birth in offspring born in
pregnancy week 23+0 or beyond. A total of 65.5% of the fetal deaths
were reported to have occurred antepartum, 11.4% intrapartum,
and for 23.1% the time of death was not reported. Induced
abortions are not performed in pregnancy week 23+0 or beyond,
according to the Norwegian Act on Induced Abortion (https://
lovdata.no/dokument/NL/lov/1975-06-13-50).

Preeclampsia (yes/no) included pregnancies with preeclampsia
and/or eclampsia. Preeclampsia was defined as blood pressure
�140/90 mmHg and proteinuria with dip-stick �1, whereas
eclampsia was defined as preeclampsia with maternal seizures.
This definition of preeclampsia has been used in Norway
throughout our study period.

Birthweight was reported in grams. Since offspring birthweight
varies by gestational age, and gestational age at birth may vary by
maternal preeclampsia status, we made adjustment for gestational
age at birth by using birthweight z-scores in ourdata analyses [14]. We
Fig. 1. Flow chart of t
calculated z-scores by using means and standard deviations of
birthweightbygestationalweekinthestudysampleasawhole[15].Z-
scores were calculated separately for male and female offspring. The
distribution of z-scores was grouped into percentiles as follows: <1,1–
2.5, 2.5–10,10–90, 90–97.5,97.5–99 and>99 percentileof birthweight.

During the years 1967–1999, gestational age at birth was
calculated from the date of the last menstrual period. After 1999,
the gestational age at birth estimate was based on fetal size at
routine fetal ultrasonographic examination in pregnancy week 17-
19. Such examination was performed for 97.3% of all pregnancies
after 1999.

Statistical analyses

We calculated the absolute risk of fetal death (in percent) in
pregnancies with and in pregnancies without preeclampsia. The
absolute risk was calculated for the study sample as a whole, and
within categories of offspring birthweight (categories described
above). The relative risk of fetal death in pregnancies with
preeclampsia compared to pregnancies without preeclampsia was
estimated as crude and adjusted odds ratios (OR) with 95%
confidence intervals (CI) in the sample as a whole, and within
categories of offspring birthweight. Non-preeclamptic pregnancies
were used as the reference group within each birthweight
category. We made adjustments for maternal age (in years at
the time of delivery), parity (previous deliveries in pregnancy week
16+0 or beyond, coded 0 or �1) and maternal diabetes (type 1 or
type 2 diabetes mellitus, gestational diabetes, or use of anti-
diabetic medication during pregnancy, coded yes or no).

We repeated the above analyses for births during the years:
1967–1983 and 1984–2014, and in supplementary analyses, we
further sub-grouped the year of birth into: 1967–1973, 1974–1983,
1984–1993, 1994–2003 and 2004-2014. To test for consistency of
he study sample.

https://lovdata.no/dokument/NL/lov/1975-06-13-50
https://lovdata.no/dokument/NL/lov/1975-06-13-50


Table 1
Characteristics of the study sample, 2 607 199 singleton pregnancies in Norway during the period 1967–2014.

Preeclampsia Fetal death

Characteristics Yes No Yes No Total

Maternal age (years, mean) 27.7 27.8 27.8 27.8 27.8
Number of previous deliveries (mean) 0.6 0.9 1.1 0.9 0.9
Gestational age of offspring at birth (days, mean) 270.8 280.6 240.1 280.5 280.3
Offspring birthweight (grams, mean) 3154.2 3537.7 2040.4 3535.7 3526.5
Offspring birthweight z-score (mean) �0.262 0.008 �0.794 0.005 0.000
Total number of pregnancies (% of total) 76 066 (2.9) 2 531 133 (97.1) 16 105 (0.6) 2 591 094 (99.4) 2 607 199 (100)
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our findings, we studied pregnancies with delivery in pregnancy
week 28+0 or beyond separately. In these analyses, only fetal deaths
that were reported to have occurred antepartum were used as
outcome.

All statistical analyses were conducted by using IBM SPSS
Statistics for Windows, Version 21.0 (Armonk, NY, USA).

Ethical approval

Use of the Medical Birth Registry of Norway for research is
approved by the Norwegian Data Inspectorate. The advisory
committee for the Medical Birth Registry has recommended this
study (Reference number 07/944/236).

Results

A total of 16 105 fetal deaths occurred during the years 1967–
2014, representing 0.6% of all births from 23+0 weeks of gestation
and beyond (Table 1). Preeclampsia occurred in 76 066 pregnancies
Table 2
Risk of fetal death according to presence of preeclampsia within percentiles of birthweigh
with 95% confidence intervals. Non-preeclamptic pregnancies represent the reference gr
study period 1967–2014, during the years 1967-83 and during the years 1984–2014.

Preeclampsia

Yes 

Birthweight percentiles Total (n) Fetal death % (n) Live birth % (n) 

During the total study period, 1967–2014
<1 26 085 7.0 (182) 93.0 (2425) 

1–2.5 39 280 4.0 (105) 96.0 (2547) 

2.5–10 194 965 2.5 (230) 97.5 (8959) 

10–90 2 086 067 1.2 (658) 98.8 (53 641) 

90–97.5 195 468 0.3 (13) 99.7 (4974) 

97.5–99 39 277 0.6 (8) 99.4 (1266) 

>99 26 057 1.2 (13) 98.8 (1045) 

Total 2 607 199 1.6 (1209) 98.4 (74 857) 

During 1967–1983
<1 13 739 12.5 (172) 87.5 (1199) 

1–2.5 17 623 8.7 (90) 91.3 (950) 

2.5–10 81 466 6.6 (187) 93.4 (2653) 

10–90 733 127 2.8 (383) 97.2 (13 200) 

90–97.5 61 053 0.4 (5) 99.6 (1242) 

97.5–99 11 812 1.3 (4) 98.7 (306) 

>99 7 653 3.2 (8) 96.8 (239) 

Total 926 473 4.1 (849) 95.9 (19 789) 

During 1984–2014
<1 12 346 0.8 (10) 99.2 (1226) 

1–2.5 21 657 0.9 (15) 99.1 (1597) 

2.5–10 113 499 0.7 (43) 99.3 (6306) 

10–90 1 352 940 0.7 (275) 99.3 (40 441) 

90–97.5 134 415 0.2 (8) 99.8 (3732) 

97.5–99 27 465 0.4 (4) 99.6 (960) 

>99 18 404 0.6 (5) 99.4 (806) 

Total 1 680 726 0.6 (360) 99.4 (55 068) 

cOR, crude odds ratio; aOR, adjusted odds ratio; CI, confidence interval.
* Adjusted for gestational age at birth, offspring sex, maternal age, parity and matern
(2.9% of all pregnancies). Mean birthweight was 3154.2 g in
pregnancies with preeclampsia, and 3537.7 g in pregnancies
without preeclampsia (Student’s t-test, P < 0.001). Preeclamptic
pregnancies were on average 9.8 days shorter than non-
preeclamptic pregnancies (Student’s t-test, P < 0.001).

During the study period as a whole, the absolute risk of fetal
death was higher in preeclamptic compared to non-preeclamptic
pregnancies (1.6% vs 0.6%) (Table 2). The crude OR for fetal death
associated with preeclampsia was 2.73 (95% CI 2.57–2.89).

The absolute risk of fetal death was highest in pregnancies
with the lowest offspring birthweight (<1 percentile) (Table 2,
Fig. 2), and in these pregnancies there was little difference in fetal
death risk in pregnancies with preeclampsia compared to
pregnancies without preeclampsia (7.0% vs 6.3%, crude OR 1.12,
95% CI 0.96–1.32). In pregnancies with offspring birthweight
within the 10–90 percentiles, fetal death occurred in 1.2% of
pregnancies with preeclampsia, and in 0.5% of pregnancies
without preeclampsia (crude OR 2.45, 95% CI 2.26–2.65). In
pregnancies with the highest offspring birthweight (>99
t. Risks are presented as absolute risks (percent) and crude and adjusted odds ratios
oup. Results are presented for all singleton pregnancies in Norway during the total

No

Fetal death % (n) Live birth % (n) cOR (95% CI) aOR* (95% CI)

6.3 (1472) 93.7 (22 006) 1.12 (0.96-1.32) 1.13 (0.96-1.32)
1.9 (679) 98.1 (135 949) 2.18 (1.77-2.69) 2.22 (1.80-2.75)
1.1 (2063) 98.9 (183 713) 2.29 (1.99-2.62) 2.27 (1.97-2.61)
0.5 (10 127) 99.5 (2 021 641) 2.45 (2.26-2.65) 2.40 (2.22-2.60)
0.2 (347) 99.8 (190 134) 1.43 (0.82-2.49) 1.15 (0.66-2.02)
0.2 (91) 99.8 (37 912) 2.63 (1.28-5.44) 2.13 (1.01-4.47)
0.5 (117) 99.5 (24 882) 2.65 (1.49-4.71) 2.05 (1.13-3.70)
0.6 (14 896) 99.4 (2 516 237) 2.73 (2.57-2.89) 2.63 (2.48-2.79)

8.7 (1071) 91.3 (11 297) 1.51 (1.27-1.80) 1.50 (1.26-1.79)
2.6 (434) 97.4 (16 149) 3.53 (2.78-4.47) 3.45 (2.71-4.39)
1.5 (1171) 98.5 (77 455) 4.66 (3.98-5.47) 4.28 (3.64-5.03)
0.7 (5150) 99.3 (714 394) 4.03 (3.62-4.47) 3.74 (3.36-4.16)
0.3 (173) 99.7 (59 633) 1.39 (0.57-3.38) 1.15 (0.47-2.82)
0.4 (46) 99.6 (11 456) 3.26 (1.17-9.10) 2.65 (0.92-7.63)
0.7 (50) 99.3 (7356) 4.93 (2.31-10.50) 4.31 (1.98-9.39)
0.9 (8095) 99.1 (897 740) 4.76 (4.43-5.11) 4.34 (4.04-4.67)

3.6 (401) 96.4 (10 709) 0.22 (0.12-0.41) 0.22 (0.12-0.41)
1.2 (245) 98.8 (19 800) 0.76 (0.45-1.28) 0.76 (0.45-1.28)
0.8 (892) 99.2 (106 258) 0.81 (0.60-1.10) 0.81 (0.60-1.11)
0.4 (4977) 99.6 (1 307 247) 1.79 (1.58-2.02) 1.74 (1.54-1.97)
0.1 (174) 99.9 (130 501) 1.61 (0.79-3.27) 1.28 (0.62-2.63)
0.2 (45) 99.8 (26 456) 2.45 (0.88-6.83) 1.92 (0.67-5.48)
0.4 (67) 99.6 (17 526) 1.62 (0.65-4.04) 1.29 (0.51-3.28)
0.4 (6801) 99.6 (1 618 497) 1.56 (1.40-1.73) 1.49 (1.34-1.66)

al diabetes.



Fig. 2. Prevalence (%) of fetal death in pregnancies with and in pregnancies without
preeclampsia within birthweight percentile categories in Norway during the years.
a) 1967–2014, b) 1967–1983 and c) 1984–2014.
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percentile, fetal death occurred in 1.2% of pregnancies with
preeclampsia, and in 0.6% of non-preeclamptic pregnancies (crude
OR 2.65, 95% CI 1.49–4.71).

Changes over time

During the years 1967–1983, the prevalence of preeclampsia
was 2.2% (Table 2). Fetal death occurred in 4.1% of all pregnancies
with preeclampsia, and in 0.9% of non-preeclamptic pregnancies
(crude OR 4.76, 95% CI 4.43–5.11).

In pregnancies with the lowest offspring birthweight (<1
percentile), fetal death occurred in 12.5% of pregnancies with
preeclampsia, and in 8.7% of non-preeclamptic pregnancies (crude
OR 1.51, 95% CI 1.27–1.80) (Table 2, Fig. 2). In pregnancies with
offspring birthweight within the 10–90 percentiles, fetal death
occurred in 2.8% of pregnancies with preeclampsia, and in 0.7% of
pregnancies without preeclampsia (crude OR 4.03, 95% CI 3.62–
4.47). Similar figures were seen in pregnancies with the highest
offspring birthweight (>99 percentile), (3.2% vs 0.7%, crude OR
4.93, 95% CI 2.31–10.50).
During the years 1984–2014, the absolute risk of fetal death was
greatly reduced compared to the years 1967–1983, particularly in
preeclamptic pregnancies (Table 2). Thus, during the years 1984–
2014, fetal death occurred in 0.6% of pregnancies with preeclamp-
sia, and in 0.4% of pregnancies without preeclampsia (crude OR
1.56, 95% CI 1.40–1.73). The prevalence of preeclampsia during
these years was 3.3%.

The reduction in fetal death risk was most prominent in
pregnancies with the lowest offspring birthweight (<1 percentile),
and in these pregnancies, the risk of fetal death during the years
1984–2014 was lower in preeclamptic pregnancies compared to
non-preeclamptic pregnancies (0.8% vs 3.6%, crude OR 0.22, 95% CI
0.12-0.41) (Table 2, Fig. 2). Only in pregnancies with offspring
birthweight within the 10–90 percentiles, the risk of fetal death
was significantly higher in pregnancies with preeclampsia
compared to non-preeclamptic pregnancies (0.7% vs 0.4%, crude
OR 1.79, 95% CI 1.58–2.02). In pregnancies with the highest
offspring birthweight (>99 percentile), fetal death occurred in 0.6%
of pregnancies with preeclampsia, and in 0.4% of non-preeclamptic
pregnancies (crude OR 1.62, 95% CI 0.65–4.04).

The overall decline in fetal death risk occurred gradually during
our study period (Supplementary material, Table S1). However, in
pregnancies with preeclampsia and offspring birthweight <1
percentile, there was a distinct decline from 1974–1983 to 1984–
1993. In 1974–1983, fetal death occurred in 8.3% of pregnancies
with preeclampsia, and in 7.5% of pregnancies without preeclamp-
sia (crude OR 1.13, 95% CI 0.84–1.52). In the next decade, 1984–
1993, the corresponding figures were 0.7% and 3.9% (crude OR 0.17,
95% CI 0.06-0.45). After 1994, the point OR estimate for fetal death
has been lower in pregnancies with preeclampsia compared to
pregnancies without preeclampsia in pregnancies with offspring
birthweight < 10 percentile.

We repeated our main analyses among pregnancies with
delivery in pregnancy week 28+0 and beyond, and we used
antepartum fetal death as outcome measure (54.6% of all fetal
deaths in our main analyses). The results remained essentially
unchanged (Supplementary material, Table S2).

Discussion

Main findings

In this population study of more than 2.5 million singleton
pregnancies in Norway, the risk of fetal death associated with
preeclampsia declined during the years 1967–2014, particularly in
pregnancies with very small for gestational age offspring.

Strengths and limitations

The major strength of our study is the large sample size, which
has provided statistical power to study temporal changes in fetal
death risk in preeclamptic and non-preeclamptic pregnancies
within categories of birthweight. We included all singleton
pregnancies in Norway. It is therefore unlikely that a skewed
selection of study participants has biased our results.

The definition of fetal death has remained unchanged over time.
Also, the definition of preeclampsia has not changed notably in
Norway during the study period [16]. Thus, it is unlikely that
changes in the definitions of our main study factors have
influenced our estimates.

The likelihood of reporting fetal deaths and preeclampsia to the
Medical Birth Registry may have changed during our study period.
For instance, in the first part of our study period, it is possible that
preeclampsia was more likely to be reported if fetal death had
occurred. However, we found little difference in the prevalence of
preeclampsia according to offspring vital status in pregnancies
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with very small offspring in the first part of our study period
among pregnancies with very small offspring. This observation
does not support differential reporting or diagnosing of pre-
eclampsia.

We made supplementary analyses of pregnancies with delivery
in pregnancy week 28+0 or beyond. In these analyses, we excluded
pregnancies where fetal death had occurred intrapartum or the
time of fetal death was not reported, since fetal death during labor
may be unrelated to preeclampsia. The results remained essen-
tially the same.

We made adjustments for risk factors of preeclampsia that have
increased in prevalence over time, such as high maternal age, being
a first time mother and maternal diabetes [2], but the estimated
associations of preeclampsia with fetal death remained essentially
unchanged. We also made adjustment for differences in gestation-
al age at birth by using birthweight z-score.

The occurrence of fetal death could possibly influence birth-
weight [17,18]. Nevertheless, it is unlikely that such changes are
differential by maternal preeclampsia status, birthweight or year of
birth.

Interpretation

During the first part of our study period (1967–1983), we
found that preeclampsia increased the risk of fetal death within
all categories of offspring birthweight. Although the absolute risk
of fetal death was highest in very small for gestational age
offspring, the relative risk of fetal death associated with
preeclampsia was highest in pregnancies with normal or high
offspring birthweight. This finding suggests that there are other
factors than fetal growth restriction that cause fetal death in
preeclamptic pregnancies.

There has been an overall decline in fetal death rate during the
past decades [21], and this decline has been most prominent in
pregnancies with preeclampsia [11,12]. Interestingly, we found
that the temporal decline in fetal death rate was particularly
pronounced in preeclamptic pregnancies with small for gestational
age offspring. In fact, the risk of fetal death in small for gestational
age offspring was lower in preeclamptic than in than non-
preeclamptic pregnancies in the last part of our study period. Only
in pregnancies with offspring birthweight within the 10–90
percentiles, we found a persistent increased risk of fetal death
in pregnancies with preeclampsia throughout the study period.

Identification of high risk pregnancies and timely intervention
are preconditions for prevention of fetal death. Preeclampsia is a
well-known risk factor for fetal death, and in 1984, a public
screening program for preeclampsia was implemented in primary
antenatal health care in Norway. At least ten routine clinical
examinations were recommended [22], and antenatal and obstet-
ric health care is free of charge. It is assumed that virtually all
pregnant women who live in Norway follow the program [23,24].
Women with clinical signs of preeclampsia are referred to hospitals
with specialized obstetric health care for further clinical exami-
nations.

Both small and large for gestational age offspring are known to
be at increased risk of fetal death [19,20], and ultrasonography has
made it possible to identify pregnancies with abnormal fetal
growth. Fetal ultrasonography was gradually introduced in Norway
after 1975, and by 1985, almost all deliveries in the country (96%)
took place in maternity wards where ultrasonographic examina-
tions could be performed [25]. Since women with preeclampsia are
routinely referred to obstetric health care, abnormal fetal growth
is more likely to be diagnosed in these pregnancies than in
non-preeclamptic pregnancies. In non-preeclamptic pregnancies,
fetal ultrasonographic examinations are not routinely performed,
except for in pregnancy week 17–19, which is prior to the
occurrence of preeclampsia. Interestingly, after 1984, we found a
marked decrease in fetal death risk in preeclamptic pregnancies
with a small for gestational age offspring. This marked decrease
strongly suggests that the introduction of screening for pre-
eclampsia, in combination with fetal ultrasonographic examina-
tions, have been important for preventing fetal death in small for
gestational age offspring.

Conclusion

Inthisstudyofall pregnancies inNorway, wefoundthattherisk of
fetal death associated with preeclampsia was greatly reduced during
the years 1967–2014, particularly in pregnancies with a small for
gestational age offspring. In pregnancies with a normal weight
offspring, the risk of fetal death in pregnancies with preeclampsia is
still higher than in non-preeclamptic pregnancies. This increased
risk may not be sufficiently acknowledged, and it is likely that there
still is a potential for further prevention of fetal death inpreeclamptic
pregnancies with normal offspring birthweight.

Conflict of interest

The authors have no conflicts of interest to declare.

Acknowledgements

We thank the South-Eastern Regional Health Authority in
Norway for funding this study, grant number 2014008. This study
has used data from the Medical Birth Registry of Norway. The
interpretation and reporting of these data is the sole responsibility
of the authors, and no endorsement by the Medical Birth Registry
of Norway is intended nor should be inferred.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.eurox.2019.100009.

References

[1] Khan KS. WHO analysis of causes of maternal death: a systematic review.
Lancet 2006;367:1066–74.

[2] Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet 2005;365:785–99.
[3] Lawn JE, Blencowe H, Pattinson R, Cousens S, Kumar R, Ibiebele I, et al.

Stillbirths: Where? When? Why? How to make the data count?. Lancet
2011;377:1448–63.

[4] Bujold E, Roberge S, Lacasse Y, Bureau M, Audibert F, Marcoux S, et al.
Prevention of preeclampsia and intrauterine growth restriction with aspirin
started in early pregnancy: a meta-analysis. Obstet Gynecol 2010;116:402–14.

[5] Ødegård RA, Vatten LJ, Nilsen ST, Salvesen KA, Austgulen R. Preeclampsia and
fetal growth. Obstet Gynecol 2000;96:950–5.

[6] Gardosi J, Madurasinghe V, Williams M, Malik A, Francis A. Maternal and fetal
risk factors for stillbirth: population based study. BMJ 2013;346:f108.

[7] Piper JM, Xenakis EM, McFarland M, Elliott BD, Berkus MD, Langer O. Do
growth-retarded premature infants have different rates of perinatal morbidity
and mortality than appropriately grown premature infants? Obstet Gynecol
1996;87:169–74.

[8] Vatten LJ, Skjærven R. Is pre-eclampsia more than one disease? BJOG
2004;111:298–302.

[9] Dypvik J, Strøm-Roum EM, Haavaldsen C, Vatten LJ, Eskild A. Preeclampsia in
pregnancies with and without diabetes: the associations with placental
weight. A population study of 655 842 pregnancies. Acta Obstet Gynecol Scand
2016;95:217–24.

[10] GBD. Child Mortality Collaborators. Global, regional, national, and selected
subnational levels of stillbirths, neonatal, infant, and under-5 mortality, 1980-
2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet
2015;2016(388):1725–74.

[11] Ahmad AS, Samuelsen SO. Hypertensive disorders in pregnancy and fetal
death at different gestational lengths: a population study of 2 121 371
pregnancies. BJOG 2012;119:1521–8.

[12] Basso O, Rasmussen S, Weinberg CR, Wilcox AJ, Irgens LM, Skjærven R. Trends
in fetal and infant survival following preeclampsia. JAMA 2006;296:1357–62.

[13] Irgens LM. The Medical Birth Registry of Norway. Epidemiological research and
surveillance throughout 30 years. Acta Obstet Gynecol Scand 2000;79:435–9.

https://doi.org/10.1016/j.eurox.2019.100009
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0005
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0005
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0010
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0015
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0015
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0015
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0020
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0020
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0020
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0025
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0025
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0030
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0030
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0035
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0035
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0035
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0035
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0040
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0040
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0045
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0045
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0045
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0045
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0050
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0050
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0050
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0050
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0055
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0055
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0055
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0060
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0060
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0065
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0065


6 C. Haavaldsen et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology: X 2 (2019) 100009
[14] Thompson JM, Irgens LM, Skjærven R, Rasmussen S. Placenta weight percentile
curves for singleton deliveries. BJOG 2007;114:715–20.

[15] Kirkwood BR, Sterne JAC. Analysis of numerical outcomes: The normal
distribution. Essential medical statistics. 2nd ed. Malden, Massachusetts:
Blackwell Pub; 2003. p. 42–9.

[16] North RA, Taylor RS, Schellenberg JC. Evaluation of a definition of pre-
eclampsia. BJOG 1999;106:767–73.

[17] Janssen W. Postmortem changes (histothanathology). Forensic histopathology.
Berlin: Springer Verlag; 1984. p. 14–53.

[18] Strachan GI. The pathology of foetal maceration: a study of 24 cases. Br Med J
1922;2:80–2.

[19] Bukowski R, Hansen NI, Willinger M, Reddy UM, Parker CB, Pinar H, et al. Fetal
growth and risk of stillbirth: a population-based case-control study. PLoS Med
2014;11:e1001633.

[20] Fretts RC, Boyd ME, Usher RH, Usher HA. The changing pattern of fetal death,
1961-1988. Obstet Gynecol 1992;79:35–9.
[21] Sarfraz AA, Samuelsen SO, Eskild A. Changes in fetal death during 40 years-
different trends for different gestational ages: a population-based study in
Norway. BJOG 2011;118:488–94.

[22] NOU. 1984:17 Perinatal omsorg i Norge. Oslo: Sosial og Helsedepartementet;
1984 (Norwegian).

[23] Norwegian Directorate of Health. Nasjonale faglige retningslinjer for
svangerskapsomsorgen. 2005 (Norwegian) Available from: https://
helsedirektoratet.no/Lists/Publikasjoner/Attachments/393/nasjonal-faglig-
retningslinje-for-svangerskapsomsorgen-fullversjon.pdf/ [12 June 2018].

[24] Thomsen LC, Klungsøyr K, Roten LT, Tappert C, Araya E, Bærheim G, et al.
Validity of the diagnosis of pre-eclampsia in the Medical Birth Registry of
Norway. Acta Obstet Gynecol Scand 2013;92:943–50.

[25] Grytten J, Skau I, Sørensen R, Eskild A. Does the use of diagnostic technology
reduce fetal mortality? Health Serv Res 2018, doi:http://dx.doi.org/10.1111/
1475-6773.12721.

http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0070
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0070
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0075
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0075
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0075
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0080
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0080
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0085
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0085
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0090
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0090
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0095
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0095
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0095
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0100
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0100
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0105
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0105
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0105
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0110
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0110
https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/393/nasjonal-faglig-retningslinje-for-svangerskapsomsorgen-fullversjon.pdf/
https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/393/nasjonal-faglig-retningslinje-for-svangerskapsomsorgen-fullversjon.pdf/
https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/393/nasjonal-faglig-retningslinje-for-svangerskapsomsorgen-fullversjon.pdf/
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0120
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0120
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0120
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0125
http://refhub.elsevier.com/S2590-1613(19)30045-6/sbref0125
http://dx.doi.org/10.1111/1475-6773.12721

	Temporal changes in fetal death risk in pregnancies with preeclampsia: Does offspring birthweight matter? A population study
	Introduction
	Materials and methods
	Study population
	Study factors
	Statistical analyses
	Ethical approval

	Results
	Changes over time

	Discussion
	Main findings
	Strengths and limitations
	Interpretation

	Conclusion
	Conflict of interest
	Acknowledgements
	Appendix A Supplementary data
	References


