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Abstract
Introduction: Human pregnancy is considered term from 37+0/7 to 41+6/7 weeks. 
Within this range, both maternal, fetal and neonatal risks may vary considerably. This 
study investigates how gestational age per week is related to the components of perina-
tal mortality and parameters of adverse neonatal and maternal outcome at term.
Material and Methods: A registry-based study was made of all singleton term preg-
nancies in the Netherlands from January 2014 to December 2017. Stillbirth and early 
neonatal mortality, as components of perinatal mortality, were defined as primary out-
comes; adverse neonatal and maternal events as secondary outcomes. Neonatal ad-
verse outcomes included birth trauma, 5-minute Apgar score ≤3, asphyxia, respiratory 
insufficiency, neonatal intensive care unit admission and composite neonatal outcome. 
Maternal adverse outcomes included instrumental vaginal birth, emergency cesarean 
section, obstetric anal sphincter injury, postpartum hemorrhage, hypertensive disorders 
of pregnancy and composite maternal outcome. The primary outcomes were evaluated 
by comparing weekly prospective risks of stillbirth and neonatal death using a fetuses-
at-risk approach. Secondly, odds ratios (OR) for perinatal mortality, adverse neonatal and 
maternal outcome using a births-based approach were compared for each gestational 
week with all births occurring after that week.
Results: Data of 581 443 births were analyzed. At 37, 38, 39, 40, 41 and 42 weeks, 
the respective weekly prospective risks of stillbirth were 0.015%, 0.022%, 0.031%, 
0.036%, 0.069% and 0.081%; the respective weekly prospective risks of early neo-
natal death were 0.051%, 0.047%, 0.032%, 0.031%, 0.039% and 0.035%. The OR for 
adverse neonatal outcomes were the lowest at 39 and 40 weeks. The OR for adverse 
maternal outcomes, including operative birth, continuously increased with each ges-
tational week.
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1  |  INTRODUC TION

Human pregnancy is considered term from 37+0/7 to 41+6/7 weeks. 
Within this range, maternal, fetal and neonatal risks vary consider-
ably. In apparently uncomplicated term pregnancies, risks of mater-
nal, fetal or neonatal complications are considered low. Traditionally, 
spontaneous onset of labor is awaited with regular obstetric con-
trols. This policy of expectant management was believed to be asso-
ciated with the highest probability of vaginal birth, the lowest risk of 
intervention, the best maternal and neonatal outcomes, and greater 
women's satisfaction. Induction of labor or planned cesarean section 
is only performed on indication; ie when maternal or fetal risks of 
expectant management are believed to outweigh the risks of these 
interventions.

Recent findings have challenged this physiologic approach to 
childbirth.1 In pregnancies complicated by hypertension, diabe-
tes, growth restriction or macrosomia, induction of labor between 
37+0/7 and 39+6/7 weeks seems to improve maternal and/or neo-
natal outcome without an increase in obstetric interventions.2–4 
In uncomplicated late-term pregnancies, the Dutch INDEX trial 
showed a reduction in adverse perinatal outcome after induction 
at 41 weeks, but a Swedish trial was ended prematurely due to in-
creased intrauterine deaths with expectant management.5–7 In 
uncomplicated full-term pregnancies, several trials have shown ben-
efits of elective induction at 39 weeks when compared with expect-
ant management.8–11 The recently published ARRIVE Trial showed 
fewer cesarean sections and hypertensive complications and in-
creased women's satisfaction after induction at 39+0–4/7 weeks 
in nulliparous American women.10 A subsequent meta-analysis also 
showed a reduction in adverse neonatal outcomes after induction at 
39 weeks.9 In a large Scottish population-based study, elective induc-
tion was associated with decreased odds of perinatal mortality.11 A 
meta-analysis including more than 15 million pregnancies showed an 
increasing risk of stillbirth from 40 weeks of gestation, greater than 
the risk of neonatal death.12 Even in high-income countries where 
the perinatal death rate in apparently uncomplicated term pregnan-
cies seems low, perinatal mortality can still be improved.13–16

Despite all evolutions in perinatal care, one of the most funda-
mental obstetric questions remains unanswered: “What is the opti-
mal time to deliver?” Simply evaluating the benefits over the harms 
is complicated, as several, and sometimes conflicting, maternal, fetal 

and neonatal outcomes have to be considered. Many of these out-
comes, such as stillbirth, early neonatal mortality, perinatal asphyxia, 
and maternal anal sphincter lesions, have a low prevalence but a tre-
mendous impact. It is difficult to achieve enough power to address 
all important outcomes.9,14 Sufficiently large cohort studies allow the 
simultaneous investigation of multiple and rare outcomes. To gain 
more insight into the optimal time to deliver, we investigated whether 
and how gestational age at term is related to the components of peri-
natal mortality and to parameters of neonatal and maternal adverse 
outcome, using data from the Netherlands birth registry.

2  |  MATERIAL AND METHODS

This is a registry study comparing components of perinatal mortality 
and parameters of neonatal and maternal morbidity per gestational 
week in term singleton pregnancies in the Netherlands.

The Netherlands is a high-income country with approximatively 
178 000 births/year. There is one uniform perinatal healthcare 
system, which is described in Appendix  S1. Data on pregnancy, 
birth and neonatal outcomes of all pregnancies beyond 22 weeks 
of gestation are routinely collected prospectively by midwives, 
gynecologists and pediatricians and stored in the national Perined 
registry, which contains information on 99% of all births in the 
Netherlands. A detailed description of the linkage procedures 
can be found on the Perined website (www.perin​ed.nl). Data on 
all registered births between January 2014 and December 2017 
were obtained from the Perined registry. Singleton pregnancies 
with a fetus born in cephalic presentation between 37+0/7 and 
44+6/7 weeks of gestation were included. Neonates with congen-
ital abnormalities were excluded.

Conclusions: The prospective risk of early neonatal death for babies born at 39 weeks 
is lower than the risk of stillbirth in pregnancies continuing beyond 39+6/7 weeks. 
Birth at 39 weeks was associated with the best combined neonatal and maternal out-
come, fewer operative births and fewer maternal and neonatal adverse outcomes 
compared with pregnancies continuing beyond 39 weeks. This information with ap-
propriate perspectives should be included when counseling term pregnant women.

K E Y W O R D S
adverse maternal outcome, adverse neonatal outcome, perinatal mortality, stillbirth; neonatal 
death, term birth

Key message

The risk of stillbirth increases with advancing gestation. 
We assessed the risk of adverse maternal and neonatal 
outcomes per gestational week in term singleton pregnan-
cies. Birth at 39 weeks is associated with lower numbers of 
maternal and neonatal adverse outcomes.
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    |  3CORNETTE et al.

2.1  |  Outcome measures

The components of perinatal mortality encompassing stillbirth 
(fetal: antepartum and intrapartum) and early neonatal mortal-
ity (from birth up to 7 days postpartum) were defined as primary 
outcomes.17

Secondary outcomes included neonatal and maternal ad-
verse outcomes. Neonatal adverse outcomes included birth 
trauma (subdural, subarachnoid or other hemorrhage, tentorial 
tear, paralysis/paresis [plexus lesions] or other birth trauma), 
5-minute Apgar score (5′-Apgar) ≤3, perinatal asphyxia (based on 
the presence of several or all American College of Obstetricians 
and Gynecologists [ACOG] criteria), respiratory insufficiency 
(infant respiratory distress syndrome, aspiration [meconium, 
other], bronchopulmonary dysplasia [requiring O2 after 28 days or 
36 weeks], pneumothorax, pneumomediastinum, pneumopericar-
dium, emphysema [interstitial, subcutaneous], wet lung/transient 
tachypnea, recurrent apnea, pulmonary hemorrhage), neonatal 
intensive care unit (NICU) admission (considered present if NICU 
stay was at least 1 day), and composite neonatal outcome (the oc-
currence of at least one of the previously defined adverse neona-
tal outcomes). Maternal adverse outcomes included instrumental 
vaginal birth (ID; forceps extraction or ventouse birth), emer-
gency cesarean section, obstetric anal sphincter injury (OASIS, 
grade III or IV perineal laceration), postpartum hemorrhage (blood 
loss ≥1000 ml), composite maternal outcome (the occurrence of at 
least one of the previously defined adverse maternal outcomes) 
and hypertensive disorders, including gestational hypertension 
and preeclampsia.18

Appendix S2 includes the maternal and fetal demographics con-
sidered in the descriptive analyses.19

2.2  |  Statistical analyses

Categorical variables are reported as numbers and percentages, 
and continuous variables as means and standard deviations or 
medians and interquartile ranges. The population was stratified 

by week of gestation. Because of the low incidence of births from 
42 weeks onwards, these pregnancies were combined into one 
group (42+ weeks).

First, weekly prospective risks of stillbirth and early neonatal 
mortality and neonatal and maternal adverse outcome were calcu-
lated using a fetuses-at-risk approach.12,20–22 In this approach, the 
number of deaths or events is divided by the number of individuals 
at risk. The number of stillbirths in a particular week was divided 
by the number of pregnancies at the beginning of the week. The 
number of neonatal deaths in a particular week was divided by the 
number of liveborn children in that same week. Perinatal mortality 
was analyzed by balancing the risks of stillbirth against the risks of 
neonatal death.

Secondly, differences in perinatal mortality, neonatal and mater-
nal adverse outcomes were compared per week of gestation with all 
births occurring after this week (eg all births between 37+6/7 with 
all deliveries occurring from 38+0/7 to 42+ weeks, etc.). For this pur-
pose, the stillbirth rate and the early neonatal mortality rate were 
calculated according to a births-based approach, which entails the 
number of events being divided by the number of births in that time 
period.20 Analyses were performed using binary logistic regression 
providing odds ratios (OR) with P-values. To correct for differences 
in case mix, the models were adjusted for the covariates maternal 
age, parity, birthweight centiles and ethnicity. To estimate the pro-
portion of small-for-gestational age (SGA) fetuses, neonatal birth-
weight percentiles were assessed for every fetal death. Data were 
analyzed using IBM SPSS Statistics version 24 with a P-value <0.05 
as the limit of significance.

Data were missing in less than 0.5% for most variables. 
Birthweight centiles could not be assessed in 0.7%, mainly because 
the neonate's sex was unknown. Data on ethnicity was missing in 
1.1%. Asphyxia was reported only in case of pediatric consultation 
or admission, and was therefore missing in 76.5% of neonates. For 
the calculation of OR, we presumed asphyxia to be absent in births 
without pediatric consultation or admission. Given the limited pro-
portions of missing data and the consideration that data were not 
missing at random, we opted not to use imputation, and handled 
missing data by list-wise deletion.

F I G U R E  1  Flowchart study population.
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4  |    CORNETTE et al.

TA B L E  1  Maternal and neonatal characteristics

n % Missing Mean Median SD
IQR (25th–75th 
percentile)

Number (n) 581 443 100

Maternal age (years) 23 30.6 4.75 27–34

Maternal age >35 years 121 373 20.9 23

Gravidity 101 2 1.4 1–3

Parity (nulliparous) 250 328 43.1 210 1 1.02 0–1

Maternal mortality 14 0.0

Gestational age

37 weeks 43 016 7.4

38 weeks 94 611 16.3

39 weeks 152 951 26.3

40 weeks 177 244 30.5

41 weeks 104 995 18.1

42+ weeks 8626 1.5

Gender (male) 297 731 51.2

Ethnicity (Caucasian) 492 175 84.6 6314

Birthweight (g) 3498 476.49 3180–3810

Birthweight percentile (Hoftiezer) 4249 49.5 29.03 24.00–75.00

5-minute Apgar score 10 0.83 10–10

Pediatric involvement

Pediatric consultation 95 267 16.4

Pediatric admission 129 420 22.3

Type of birth (start labor and birth mode)

Spontaneous + spontaneous 357 762 61.5

Spontaneous + instrumental vaginal birth 34 458 5.9

Spontaneous + cesarean section 27 344 4.7

Induction + spontaneous 100 415 17.3

Induction + instrumental vaginal birth 12 434 2.1

Induction + cesarean section 18 438 3.2

Planned cesarean section 30 592 5.3

Place of birth

Home 84 687 14.6

Birth facility 17 928 3.1

Hospital (primary care) 75 398 13.0

Hospital (secondary care) 402 673 69.3

Referral primary to secondary care

Before labor 20 073 34.5

During labor 147 003 25.3

Postpartum 11 539 2.0

Outcome measures

Perinatal mortality 748 0.13

Stillbirth 534 0.09

Early neonatal mortality 214 0.04

Composite neonatal outcome 17 353 3.0

Respiratory insufficiency 6854 1.2

5-minute Apgar score ≤3 1452 0.2 275

NICU admission 3491 0.6
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    |  5CORNETTE et al.

2.3  |  Ethics statement

Approval to use the data for this purpose was obtained from the 
Perined review board (Perined 19.21) on May 30, 2019.

3  |  RESULTS

From January 2014 to December 2017, data of 726 653 births had 
been registered in the Dutch Perinatal registry database, of which 
581 443 met our inclusion criteria (Figure 1).

Maternal and neonatal characteristics are shown in Table 1. The 
mean maternal age was 30 years; the mean birthweight was 3498 g. 
Perinatal mortality occurred in 748 cases (perinatal mortality rate 
0.13%), of which 534 (71.4%) were stillbirths. The composite neo-
natal outcome was present in 3.0% of all births. Both respiratory in-
sufficiency and birth trauma occurred in 1.2% of neonates, 5′-Apgar 
≤3 in 0.2%, perinatal asphyxia in 0.3%, and NICU admission in 0.6%. 
Maternal mortality occurred in 14 cases (maternal mortality rate 

of 2.4/100 000). Composite maternal outcome was present in 
22.2% of births, and emergency cesarean section, ID, OASIS and 
postpartum hemorrhage occurred in 7.5%, 8.1%, 2.1%, and 6.2%, 
respectively.

The weekly prospective risks of stillbirth, early neonatal mor-
tality, and neonatal and maternal adverse outcome are presented 
in Table  2. The weekly prospective risks of stillbirth and neonatal 
mortality are also depicted in Figure 2. At 37 and 38 weeks' gesta-
tional age, the risks of neonatal death were higher than the risks of 
stillbirth. As from 40 weeks onwards, the risk of stillbirth was higher 
than the risk of neonatal death.

In Table 3, perinatal mortality and composite neonatal and ma-
ternal outcomes are stratified according to the gestational week in 
which women delivered and are compared with all births occurring 
in the following weeks. The OR of overall perinatal mortality were 
above 1 at 37, 38 and 39 weeks. The OR for composite neonatal out-
comes were significantly increased at 37 and 38 weeks, and became 
significantly decreased from 39 weeks in comparison with later gesta-
tional weeks. At 39 weeks, respiratory insufficiency, NICU admissions 

n % Missing Mean Median SD
IQR (25th–75th 
percentile)

Birth trauma 7180 1.2

Asphyxia 1991 0.3 444 700

Composite maternal outcome 129 299 22.2

Emergency cesarean birth 43 758 7.5

Instrumental vaginal birth 47 107 8.1

Obstetric anal sphincter injury 12 501 2.1

Postpartum hemorrhage 36 184 6.2

Abbreviations: IQR, interquartile range; SD, standard deviation.

TA B L E  1  (Continued)

TA B L E  2  Weekly prospective risks of stillbirth, early neonatal mortality, adverse neonatal outcome and adverse maternal outcome (%)

Perinatal mortality: weekly prospective risks of stillbirth and neonatal death

37 weeks 38 weeks 39 weeks 40 weeks 41 weeks 42+ weeks

Stillbirth (n)a 88/581 443 119/538 427 136/443 816 105/290 865 79/113 621 7/8626

Prospective risk of stillbirth (%) 0.015% 0.022% 0.031% 0.036% 0.069% 0.081%

Early neonatal mortality (n)b 22/42 928 44/94 492 49/152 815 55/177 139 41/104 916 3/8619

Prospective risk of early neonatal 
mortality (%)

0.051% 0.047% 0.032% 0.031% 0.039% 0.035%

Composite adverse neonatal 
outcome (n)b

2043/42 928 3006/94 492 3886/152 815 4667/177 139 3394/10 491 357/8619

Prospective risk of composite 
adverse neonatal outcome (%)

4.759% 3.181% 2.543% 2.635% 3.235% 4.142%

Composite adverse maternal 
outcome (%)c

8999/43 016 18 094/94 611 27 780/152 951 39 580/177 244 31 182/104 995 3664/8626

Prospective risk of composite 
adverse maternal outcome (%)

20.920% 19.125% 18.163% 22.331% 29.699% 42.476%

Note: The number of events are presented as a fraction with the numerator indicating the number of events and denominators indicating the number 
of fetusesa (pregnancies), neonatesb (live births) or mothers c(births) at risk for each gestational week.
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6  |    CORNETTE et al.

and perinatal asphyxia were significantly less prevalent than in later 
gestational weeks, at 40 weeks birth trauma and 5′-Apgar ≤3 were 
significantly less prevalent than in later gestational weeks.

All maternal adverse outcomes were significantly less prevalent 
at each gestational week from 37 weeks onwards, as compared with 
later gestational ages, with a most prominent reduction at 38 and 
39 weeks. Hypertensive disorders complicated 10  905 (3.7%) of 
pregnancies delivered beyond 39+6/7 weeks.

4  |  DISCUSSION

In this study, we assessed the components of perinatal mortality 
as well as the neonatal and maternal adverse outcomes according 
to gestational week of birth in term singleton pregnancies in the 
Netherlands over a recent 4-year period.

Our analysis shows that weekly prospective risks of stillbirth are 
lower than those of early neonatal death before 39 weeks, are similar 
at 39 weeks and surpass them after 39 weeks. The odds for neonatal 
adverse outcomes decrease from 37 weeks onwards, are lowest at 
39 weeks, and then rise. The odds of maternal adverse outcomes and 
operative birth continuously increase with each gestational week. 
The data suggest a tipping point for best combined neonatal and 
maternal outcome at 39 weeks, where birth is associated with less 
perinatal mortality, less neonatal and maternal morbidity and fewer 
operative births, as compared with pregnancies continuing beyond 
39+6/7 weeks of gestation.

The strength of our study lies in the inclusion of a large pop-
ulation, which enabled us to assess both rare and more common 
outcomes in mother and child. It adds to current knowledge by 
providing a more complete evaluation of maternity care at term in 
a single, homogeneous and contemporary population. While con-
firming separate findings from the different trials, it also provided 
new information on other rare but important outcomes (OASIS, 
postpartum hemorrhage, ID), permitting a more balanced evaluation 
of different maternal, fetal and neonatal risks. The selected out-
comes may all have substantial short-term or long-term health and/
or socioeconomic impacts.19,23–25 We analyzed the outcomes using 
a fetuses-at-risk and a births-based approach, both leading to similar 
conclusions, indicating the robustness of the findings.1,20 Our data 

were derived from the Dutch perinatal registry, with all the inherent 
benefits and limitations of national registration programs. The regis-
tration is embedded in routine perinatal care, the information is pro-
vided by healthcare professionals and managed by database experts 
and missing data are limited. Most adverse perinatal outcomes are 
provided by the obstetric as well as pediatric part of the registra-
tion, thereby limiting the risk of underreporting of events. We are 
therefore confident that our results accurately reflect Dutch peri-
natal outcomes. Limitations include our assumption of the absence 
of asphyxia in cases without pediatric consultation or admission and 
the limited number of pregnancies continuing beyond 41 weeks. In 
addition, the registry data is not sufficiently specific to correct for all 
maternal and fetal risk factors. Furthermore, it is debatable whether 
ID and emergency cesarean section are to be labeled as maternal ad-
verse outcomes. When these interventions are used appropriately, 
they may reduce maternal and neonatal morbidity. Still, they are 
relevant birth outcomes associated with increased risks. In analogy 
with other literature, we opted to label them as maternal adverse 
outcomes, so as to allow comparison. Lastly, the observational na-
ture of our study did not permit assessment of the impact of elective 
induction on outcomes.

When considering perinatal mortality, the risk of early neonatal 
death for babies born at 39 weeks is lower than the risk of stillbirth 
in pregnancies continuing beyond 39+6/7 weeks. Our findings are 
in line with those of a recent systematic review on perinatal mor-
tality at term, showing a continuously increasing risk of stillbirth 
from 37 weeks, with a steeper rise from 40 weeks, surpassing the 
risk of neonatal death at 38 weeks.12 In the present study, the risk 
of stillbirth surpassed the risk of early neonatal death 1 week later, 
at 39 weeks.

During the study period, 191 fetal deaths occurred in pregnan-
cies continuing beyond 39+6/7 weeks. The prospective risk of still-
birth after 39+6/7 weeks was 0.066% (1 per 1523 pregnancies) and 
was double the risk of early neonatal death of 0.032% (1 per 3119 
births) for children born at 39 weeks. None of these fetuses had con-
genital abnormalities and most would likely have had an excellent 
chance of survival if only born a few days earlier. While apparently 
low in absolute numbers, these figures can be put into perspective 
by comparing them with other national health outcomes. In the pe-
riod 2014–2017, the Dutch Central Bureau of Statistics reported 186 

F I G U R E  2  Perinatal mortality: weekly 
prospective risk of stillbirth and neonatal 
death (%).
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cases of accidental death (traffic accident, fall, poisoning, drowning, 
and other) in the 2 803 712 children aged between 0 and 15 years—
corresponding with a risk of 0.0066% (1 per 15 073).26 Thus, for chil-
dren the risk of intrauterine death is 10 times higher during the few 
days that pregnancy continues beyond 39+6/7 weeks than the risk 
of accidental death during their first 15 years of life. This perspec-
tive is probably different from that of most obstetric professionals, 
pregnant women, parents and policy makers, as are the efforts and 
investments in safety measures to prevent these rare but dramatic 
events. For the affected parents, the emotional impact of losing a 
term unborn child is probably similar to that of the loss of a liveborn 
child. Societal recognition often remains different.23,27

In 2010, the Dutch obstetric healthcare system enrolled a na-
tional program to reduce perinatal mortality, resulting in improve-
ments according to the 2018 Euro-Peristat report.28 This global 
plan aimed at improving maternity care and included guidelines 
recommending induction of labor in pregnancies found at risk (hy-
pertensive disorders, SGA, reduced fetal movements, etc.) before 
40 weeks, or upon recognition thereafter. Despite these measures, 
our data demonstrate that current methods of prenatal surveillance 
are still insufficient to ensure fetal well-being at term. Considering 
the limited proportion of “missed” SGA fetuses—only 27% of the 
stillborns were SGA—and the challenges of accurate detection of 
intrauterine compromise, it is questionable whether strategies of in-
tensified prenatal surveillance can prevent most of the stillbirths.29 
With important improvements unlikely in the near future, birth may 
be a safer alternative. Most of the neonatal adverse outcomes and all 
maternal outcomes were significantly lower for births at 39 weeks as 
compared with pregnancies continuing beyond 39+6/7 weeks. The 
odds for ID and emergency cesarean section also increased in preg-
nancies continuing beyond 39+6/7 weeks. This can be explained on 
physiological grounds, as fetal growth continues linearly in the last 
few weeks of pregnancy.30,31 Despite increased fetal demands, the 
relative uterine perfusion and thus placental supply diminishes.32 
The augmenting fetal size and reduction in fetal reserve increase 
the risk of dystocia and fetal compromise. This reflects our inability 
to ensure most optimal outcomes and birth beyond a certain gesta-
tional age, irrespective of expertise, complexity of care or setting.

Our results support the increasing evidence for improved neona-
tal outcomes and increased chance of vaginal birth after elective in-
duction of labor as compared with expectant management.8–11,33,34 
In these trials, the benefits are often limited in magnitude or number 
of outcomes, with sometimes conflicting results between different 
parameters or between mother and child. The difficulty, even for 
professionals, of balancing the rare but important outcomes based on 
the limited evidence of comparative trials is reflected in the ambiva-
lence in recommendations of several obstetric societies on elective 
induction. Following the ARRIVE trial, these evolved from discour-
agement to cautious consideration.35–39 For pregnant women, the 
evaluation may even be more complex. Our population consisted 
of all term singleton pregnancies in the Netherlands between 2014 
and 2017. Most pregnancies with known risks were likely to be de-
livered before 40+0/7 weeks. Most pregnancies continuing beyond 

39+6/7 weeks were presumed not to be at risk. Despite a poten-
tial healthy survivor effect in this group, our results showed lower 
odds for all fetal, neonatal and maternal adverse outcomes, ID, and 
emergency cesarean section in births at 39 weeks as compared with 
pregnancies continuing beyond 39+6/7 week, thereby revealing 
the potential benefits of birth at 39 weeks and potential risks of ex-
pectant management on a national level. We believe this informa-
tion should be included with perspectives in the counseling of all 
term pregnant women, along with genuine discussion of the incon-
veniences of induction and attention to women's expectations and 
preferences in order to come to an individualized shared decision. 
This would encourage women to be involved in making informed 
choices for their birthing plan by including their choice on when to 
deliver, besides how and where. By doing so, women preferring elec-
tive induction could feel comforted in their choice.10,40 It could help 
them to cope with the annoyances of induction and improve their 
satisfaction about birth. Women opting for expectant management 
would be allowed to make a truly informed choice, which, along with 
appropriate attention and support, could also increase their satis-
faction and outcome. Views on childbirth may be very different be-
tween individuals and cultures. Still, they should continuously evolve 
along with socioeconomic changes and new insights. This highlights 
the importance of continuing research on this topic. When strong 
evidence fails to provide sufficient answers to questions on delicate 
matters, personal feelings, obstetric ideologies and organizational 
constraints prevail in the debate, whereas the discussion should be 
about the best, safest and most enjoyable way to deliver for mother 
and child.41 In the light of value-based healthcare, we advocate high-
quality trials combining clinical outcomes with patient-reported 
outcomes and experiences as well as women's preferences on induc-
tion, labor and birth.40,42 Standardized follow-up should be included 
to evaluate the impact on long-term health and well-being.25,43–46 
Encouragement trial designs would ensure that women with clear 
preferences on elective induction are not excluded and would invite 
others to reflect on the issue. Such trials could contribute to the re-
finement of obstetric healthcare systems from a women's and child's 
perspective.47

5  |  CONCLUSION

Our results show that the risk of stillbirth exceeds the risk of neonatal 
death after 39+6/7 weeks. Additionally, the odds for combined 
neonatal and maternal adverse outcome are the lowest for births 
at 39 weeks as compared with both earlier and later gestational 
weeks in the term period. We believe that this information should 
be included in the counseling of term pregnant women. Still, more 
research on patient-reported experiences and outcomes is needed 
to determine the best role for elective induction.

AUTHOR CONTRIBUTIONS
JC conceived the study with involvement of CJS and LCMB. CJS and 
LCMB collected the data and analyzed them along with JC. JC, CJS 

 16000412, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14467 by U

niversiteit A
ntw

erpen, W
iley O

nline L
ibrary on [14/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  9CORNETTE et al.

and EW performed the literature search. All authors were involved 
in interpreting the data. JC and CJS wrote the draft article and all 
authors provided input at the writing stage. All authors read and 
approved the final version of the article.

ACKNOWLEDG MENT
We thank Ko Hagoort for editorial assistance.

CONFLIC T OF INTERE S T
The authors have stated explicitly that there are no conflicts of 
interest in connection with this article.

ORCID
Jérôme Cornette   https://orcid.org/0000-0001-8482-5138 
Catharina J. van der Stok   https://orcid.org/0000-0002-4887-3930 
Irwin K. M. Reiss   https://orcid.org/0000-0002-9474-6895 
Arie Franx   https://orcid.org/0000-0001-8801-5546 
Yves Jacquemyn   https://orcid.org/0000-0003-3172-5672 
Eric A. P. Steegers   https://orcid.org/0000-0001-6658-9274 
Loes C. M. Bertens   https://orcid.org/0000-0003-0897-0709 

R E FE R E N C E S
	 1.	 Walker KF, Thornton JG. Delivery at term: when, how, and why. Clin 

Perinatol. 2018;45:199-211.
	 2.	 Boers KE, Vijgen SM, Bijlenga D, et al. Induction versus expectant 

monitoring for intrauterine growth restriction at term: randomised 
equivalence trial (DIGITAT). BMJ. 2010;341:c7087.

	 3.	 Koopmans CM, Bijlenga D, Groen H, et al. Induction of labour 
versus expectant monitoring for gestational hypertension or mild 
pre-eclampsia after 36 weeks' gestation (HYPITAT): a multicentre, 
open-label randomised controlled trial. Lancet. 2009;374:979-988.

	 4.	 Magro-Malosso ER, Saccone G, Chen M, Navathe R, Di Tommaso 
M, Berghella V. Induction of labour for suspected macrosomia at 
term in non-diabetic women: a systematic review and meta-analysis 
of randomized controlled trials. BJOG. 2017;124:414-421.

	 5.	 Alkmark M, Keulen JKJ, Kortekaas JC, et al. Induction of labour at 
41 weeks or expectant management until 42 weeks: a systematic 
review and an individual participant data meta-analysis of ran-
domised trials. PLoS Med. 2020;17:e1003436.

	 6.	 Keulen JK, Bruinsma A, Kortekaas JC, et al. Induction of labour at 
41 weeks versus expectant management until 42 weeks (INDEX): 
multicentre, randomised non-inferiority trial. BMJ. 2019;364:l344.

	 7.	 Wennerholm UB, Saltvedt S, Wessberg A, et al. Induction of labour at 
41 weeks versus expectant management and induction of labour at 
42 weeks (SWEdish Post-term Induction Study, SWEPIS): multicentre, 
open label, randomised, superiority trial. BMJ. 2019;367:l6131.

	 8.	 Darney BG, Snowden JM, Cheng YW, et al. Elective induction of 
labor at term compared with expectant management: maternal and 
neonatal outcomes. Obstet Gynecol. 2013;122:761-769.

	 9.	 Grobman WA, Caughey AB. Elective induction of labor at 39 weeks 
compared with expectant management: a meta-analysis of cohort 
studies. Am J Obstet Gynecol. 2019;221:304-310.

	10.	 Grobman WA, Rice MM, Reddy UM, et al. Labor Induction versus 
Expectant Management in Low-Risk Nulliparous Women. N Engl J 
Med. 2018;379:513-523.

	11.	 Stock SJ, Ferguson E, Duffy A, Ford I, Chalmers J, Norman JE. 
Outcomes of elective induction of labour compared with expectant 
management: population based study. BMJ. 2012;344:e2838.

	12.	 Muglu J, Rather H, Arroyo-Manzano D, et al. Risks of stillbirth and 
neonatal death with advancing gestation at term: a systematic 

review and meta-analysis of cohort studies of 15 million pregnan-
cies. PLoS Med. 2019;16:e1002838.

	13.	 de Bernis L, Kinney MV, Stones W, et al. Stillbirths: ending prevent-
able deaths by 2030. Lancet. 2016;387:703-716.

	14.	 Flenady V, Wojcieszek AM, Middleton P, et al. Stillbirths: recall to 
action in high-income countries. Lancet. 2016;387:691-702.

	15.	 Stillbirth Collaborative Research Network Writing Group. Causes 
of death among stillbirths. JAMA. 2011;306:2459-2468.

	16.	 Nicholson JM, Kellar LC, Ahmad S, et al. US term stillbirth rates 
and the 39-week rule: a cause for concern? Am J Obstet Gynecol. 
2016;214(621):e1-e9.

	17.	 Royal College of Obstetricians and Gynaecologists. Late intrauter-
ine fetal death and stillbirth. Green–top Guideline 2010. No. 55.

	18.	 American College of Obstetricians and Gynecologists' Task 
Force on Neonatal Encephalopathy and Cerebral Palsy American 
College of Obstetricians and Gynecologists American Academy 
of Pediatrics. Neonatal Encephalopathy and Cerebral Palsy: Defining 
the Pathogenesis and Pathophysiology. American College of 
Obstetricians and Gynecologists; 2003.

	19.	 Hoftiezer L, Hof MHP, Dijs-Elsinga J, Hogeveen M, Hukkelhoven 
C, van Lingen RA. From population reference to national stan-
dard: new and improved birthweight charts. Am J Obstet Gynecol. 
2019;220(383):e1-e17.

	20.	 Joseph KS, Kramer MS. The fetuses-at-risk approach: survival analysis 
from a fetal perspective. Acta Obstet Gynecol Scand. 2018;97:454-465.

	21.	 Kramer MS, Liu S, Luo Z, et al. Analysis of perinatal mortality and its 
components: time for a change? Am J Epidemiol. 2002;156:493-497.

	22.	 Kramer MS, Zhang X, Platt RW. Analyzing risks of adverse preg-
nancy outcomes. Am J Epidemiol. 2014;179:361-367.

	23.	 Heazell AEP, Siassakos D, Blencowe H, et al. Stillbirths: economic 
and psychosocial consequences. Lancet. 2016;387:604-616.

	24.	 Eunson P. The long-term health, social, and financial burden 
of hypoxic-ischaemic encephalopathy. Dev Med Child Neurol. 
2015;57(Suppl 3):48-50.

	25.	 O'Shea MS, Lewicky-Gaupp C, Gossett DR. Long-term sexual 
function after obstetric anal sphincter injuries. Female Pelvic Med 
Reconstr Surg. 2018;24:82-86.

	26.	 Central Bureau for Statistics. Statistics Netherlands: deaths; under-
lying cause of death (shortlist), sex, age [Data file]. 2020. Accessed 
July 1, 2020. https://opend​ata.cbs.nl/#/CBS/nl/datas​et/7052_95/
table

	27.	 Homer CSE, Malata A, Ten Hoope-Bender P. Supporting women, fam-
ilies, and care providers after stillbirths. Lancet. 2016;387:516-517.

	28.	 Broeders L, Achterberg PW, Waelput AJM, et al. Afname van foe-
tale en neonatale sterfte in Nederland. [Decrease in foetal and 
neonatal mortality in The Netherlands; comparison with other 
Euro-Peristat countries in 2004, 2010 and 2015]. Ned Tijdschr 
Geneeskd. 2019;163:D3667.

	29.	 Page JM, Silver RM. Interventions to prevent stillbirth. Semin Fetal 
Neonatal Med. 2017;22:135-145.

	30.	 de Jong CL, Francis A, van Geijn HP, Gardosi J. Fetal growth 
rate and adverse perinatal events. Ultrasound Obstet Gynecol. 
1999;13:86-89.

	31.	 Mongelli M, Benzie R, Condous G. Average fetal weekly weight 
gain: a novel measure of fetal growth velocity. J Matern Fetal 
Neonatal Med. 2016;29:676-679.

	32.	 Turner JM, Mitchell MD, Kumar SS. The physiology of intrapartum 
fetal compromise at term. Am J Obstet Gynecol. 2020;222:17-26.

	33.	 Gibson KS, Waters TP, Bailit JL. A risk of waiting: the weekly inci-
dence of hypertensive disorders and associated maternal and neo-
natal morbidity in low-risk term pregnancies. Am J Obstet Gynecol. 
2016;214(389):e1-e12.

	34.	 Walker KF, Dritsaki M, Bugg G, et al. Labour induction near 
term for women aged 35 or over: an economic evaluation. BJOG. 
2017;124:929-934.

 16000412, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14467 by U

niversiteit A
ntw

erpen, W
iley O

nline L
ibrary on [14/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-8482-5138
https://orcid.org/0000-0001-8482-5138
https://orcid.org/0000-0002-4887-3930
https://orcid.org/0000-0002-4887-3930
https://orcid.org/0000-0002-9474-6895
https://orcid.org/0000-0002-9474-6895
https://orcid.org/0000-0001-8801-5546
https://orcid.org/0000-0001-8801-5546
https://orcid.org/0000-0003-3172-5672
https://orcid.org/0000-0003-3172-5672
https://orcid.org/0000-0001-6658-9274
https://orcid.org/0000-0001-6658-9274
https://orcid.org/0000-0003-0897-0709
https://orcid.org/0000-0003-0897-0709
https://opendata.cbs.nl/#/CBS/nl/dataset/7052_95/table
https://opendata.cbs.nl/#/CBS/nl/dataset/7052_95/table


10  |    CORNETTE et al.

	35.	 Nederlandse Vereniging voor Obstetrie en Gynaecologie. Electieve 
inductie. Federatie Medisch Specialisten Richtlijnendatabase; 2020.

	36.	 National Institute for Health and Care Excellence. Inducing labour: 
induction of labour for prevention of prolonged pregnancy, draft 
for consultation NICE guideline number CG70 (update). 2021.

	37.	 The American College of Obstetricians and Gynecologists. Clinical 
guidance for integration of the findings of the ARRIVE trial: labor 
induction versus expectant management in low-risk nulliparous 
women. 2018.

	38.	 Society of Maternal-Fetal Medicine. SMFM statement on elec-
tive induction of labor in low-risk nulliparous women at term: the 
ARRIVE trial. Am J Obstet Gynecol. 2019;221:B2-B4.

	39.	 Alkmark M, Wennerholm UB, Saltvedt S, et al. Induction of labour 
at 41 weeks of gestation versus expectant management and induc-
tion of labour at 42 weeks of gestation: a cost-effectiveness analysis. 
BJOG. 2021. doi:10.1111/1471-0528.16929 (Epub ahead of print).

	40.	 Nilver H, Wessberg A, Dencker A, et al. Women's childbirth experi-
ences in the Swedish Post-term Induction Study (SWEPIS): a multi-
centre, randomised, controlled trial. BMJ Open. 2021;11:e042340. 
doi:10.1136/bmjop​en-2020-042340

	41.	 Cornette JMJ. Electief inleiden van de baring bij 39 weken. [Elective 
induction of labour at 39 weeks; better than expectant manage-
ment in low-risk women]. Ned Tijdschr Geneeskd. 2020;164:D4494 
(In Dutch).

	42.	 Nijagal MA, Wissig S, Stowell C, et al. Standardized outcome mea-
sures for pregnancy and childbirth, an ICHOM proposal. BMC 
Health Serv Res. 2018;18:953.

	43.	 Halle TK, Salvesen K, Volløyhaug I. Obstetric anal sphincter injury 
and incontinence 15-23 years after vaginal delivery. Acta Obstet 
Gynecol Scand. 2016;95:941-947.

	44.	 Werner EF, Schlichting LE, Grobman WA, Viner-Brown S, Clark 
M, Vivier PM. Association of term labor induction vs expectant 
management with child academic outcomes. JAMA Netw Open. 
2020;3:e202503.

	45.	 Sengupta S, Carrion V, Shelton J, et al. Adverse neonatal  
outcomes associated with early-term birth. JAMA Pediatr. 2013;167:​
1053-1059.

	46.	 Coathup V, Boyle E, Carson C, et al. Gestational age and hospital 
admissions during childhood: population based, record linkage 
study in England (TIGAR study). BMJ. 2020;371:m4075.

	47.	 Gallagher PJ, Liveright E, Mercier RJ. Patients' perspectives re-
garding induction of labor in the absence of maternal and fetal in-
dications: are our patients ready for the ARRIVE trial? Am J Obstet 
Gynecol MFM. 2020;2:100086.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Cornette J, van der Stok CJ, Reiss 
IKM, et al. Perinatal mortality and neonatal and maternal 
outcome per gestational week in term pregnancies: A 
registry-based study. Acta Obstet Gynecol Scand. 2022;00:1-
10. doi:10.1111/aogs.14467

 16000412, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14467 by U

niversiteit A
ntw

erpen, W
iley O

nline L
ibrary on [14/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/1471-0528.16929
https://doi.org/10.1136/bmjopen-2020-042340
https://doi.org/10.1111/aogs.14467

	Perinatal mortality and neonatal and maternal outcome per gestational week in term pregnancies: A registry-­based study
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Outcome measures
	2.2|Statistical analyses
	2.3|Ethics statement

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	REFERENCES




