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Abstract

Objective

To examine cross-national differences in gestational age over time in the U.S. and across

three wealthy countries in 2020 as well as examine patterns of birth timing by hour of the

day in home and spontaneous vaginal hospital births in the three countries.

Methods

We did a comparative cohort analysis with data on gestational age and the timing of birth

from the United States, England and the Netherlands, comparing hospital and home births.

For overall gestational age comparisons, we drew on national birth cohorts from the U.S.

(1990, 2014 & 2020), the Netherlands (2014 & 2020) and England (2020). Birth timing data

was drawn from national data from the U.S. (2014 & 2020), the Netherlands (2014) and

from a large representative sample from England (2008–10). We compared timing of births

by hour of the day in hospital and home births in all three countries.

Results

The U.S. overall mean gestational age distribution, based on last menstrual period,

decreased by more than half a week between 1990 (39.1 weeks) and 2020 (38.5 weeks).

The 2020 U.S. gestational age distribution (76% births prior to 40 weeks) was distinct from

England (60%) and the Netherlands (56%). The gestational age distribution and timing of

home births was comparable in the three countries. Home births peaked in early morning

between 2:00 am and 5:00 am. In England and the Netherlands, hospital spontaneous vagi-

nal births showed a generally similar timing pattern to home births. In the U.S., the pattern

was reversed with a prolonged peak of spontaneous vaginal hospital births between 8:00

am to 5:00 pm.
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Conclusions

The findings suggest organizational priorities can potentially disturb natural patterns of ges-

tation and birth timing with a potential to improve U.S. perinatal outcomes with organiza-

tional models that more closely resemble those of England and the Netherlands.

Introduction

Some industrial countries, most notably the United States, have reportedly experienced a sig-

nificant shift in the distribution of births by gestational age [1]. Some posit the shift reflects an

underlying physiological change [2], while others suggest an increased level of obstetric inter-

vention as the driving force [3, 4]. Recent developments encouraging more widespread use of

labor induction at 39 weeks may further shorten the length of gestation [5, 6]. Related to dis-

cussions of gestational age distributions are examinations of the timing of births by the hour of

day, with similar debates about the extent to which the organization and delivery of care influ-

ence variations observed [7].

Studies of the timing of birth date back almost 200 years. As birth registration became more

widespread in the twentieth century, studies of birth timing became more feasible, be it by sea-

son [8–10], day of the week [11], or hour of the day [12]. Studies of the hour of birth have been

done to explore patterns by race and hospital type (private/public) [13]; to identify the relation

between birth timing and stillbirths [14, 15]; and to link birth timing to obstetrical interven-

tions [16–20]. Recently, MacFarlane and colleagues, based on data from England and Wales

[7, 21], found wide variations based on day of the week, birth setting, and medical interven-

tions. Most prior studies have been based on data from single hospitals, regional collabora-

tions, national hospitals or vital statistics data from a single country [22].

We use data on gestational age and timing of births in home and hospital births in three

high income countries with different maternity care systems–the United States, the Nether-

lands and England–allowing identification of what may be considered natural birth patterns

and to speculate on the role that the organization of care might have on the birthing process.

While the United States maternity care system primarily relies on obstetricians, the Nether-

lands and England rely primarily on midwives with obstetric consultants for back-up in higher

risk cases [23]. (S1 Table). Notably, the Netherlands and England report perinatal outcomes

significantly better than the United States [23]. Our specific objectives were to: (a) describe the

change in gestational age distributions in the United States from 1990 to 2020; (b) compare

gestational age at birth overall and in home births in the three countries; and (c) describe,

explore, and compare the timing of birth by hour of day in hospital settings for vaginal births

without induction or augmentation of labour with home births, where such interventions do

not occur.

Methods

Data

The data for these analyses are drawn from population-based birth data from all three countries,

and from studies of birth timing and place of birth done in England [24] and the Netherlands

[25]. The numbers of births included in the time of birth analyses for home, all hospital births

and hospital vaginal births without induction or augmentation are summarized in S2 Table.

United States. The U.S. data are based on approximately 3.7 million annual births drawn

from national vital statistics files available through public sources, specifically the public
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website, CDC Wonder [26], and the public use datasets available for download from the

National Center for Health Statistics (NCHS) (https://www.cdc.gov/nchs/data_access/

vitalstatsonline.htm). These data come from the National Standard Certificate of a Live Birth,

an agreement between individual U.S. states that collect the data, and the National Center for

Health Statistics, where agreed upon variables are compiled into a national datafile. A revision

of the Standard Certificate in 2003 added hour of birth to the dataset, but the revised certificate

was not uniformly adopted; it was not until 2016 that all states included hour of birth in their

data collection [27]. The birth timing data are drawn from 2014 for consistency with the

Dutch data and include data from 48 states and the District of Columbia, 98.8% of all U.S.

births that year. For context, the same data for 2020, involving all states, is presented in S1–S3

Figs.

Netherlands. Data from the Netherlands on gestational age were drawn from the 2020

public use datafile of births registered by Perined which includes perinatal data from nearly all

of the approximately 165,000 births in that year [28]. Data on hour of the day were from a

study based on 2014 Perined data. This national data registry merges data collected from three

sources of maternal and perinatal care: primary midwifery care, obstetrician-led care and neo-

natal care. In 2014, 100% of primary care midwifery practices, 99% of obstetric departments

and 88% of neonatal departments submitted their data to Perined [29]. Perined checks the

merged dataset for consistency and validates the data through multiple checks [30]. For this

study, we used results from an earlier analysis of hour of birth for birthing people who gave

birth in the Netherlands in 2014, excluding premature births, multiple gestations, and pre-

labour antepartum deaths. In the Netherlands, about 85% of all pregnant people receive pri-

mary midwifery care at the onset of pregnancy. If risks factors or complications occur, they are

referred to obstetrician-led hospital care [31].

England. Data for gestational age of all births in England in 2019 came from the UK

Office for National Statistics [32]. Data on hour of birth came from the Birthplace national

prospective cohort study which was designed to compare perinatal and maternal outcomes in

births planned in different settings in England [24, 33]. Data on 79,774 births were collected

between 1st April 2008 and 30th April 2010, and include 32,257 births planned to occur in one

of 36 hospital obstetric units that were part of a stratified random sample, 11,666 births

planned in 53 freestanding midwifery units (birth centres on a site separate from a hospital

obstetric unit), 17,582 births planned in 43 alongside midwifery units (birth centres co-located

with a hospital obstetric unit) and 18,269 planned home births from 142 National Health Ser-

vice (NHS) trusts (organizations providing maternity care). Births were eligible for inclusion if

a vaginal birth was planned and some labor care was received from an NHS midwife in her

planned birth setting. Those who had an elective caesarean section or caesarean section before

the onset of labor, presented in preterm labor (<37 weeks’ gestation), had a multiple preg-

nancy, an unplanned home birth, or who were “unbooked” (received no antenatal care) were

excluded, as were those who had a stillbirth before the start of care in labor. All data were col-

lected on study-specific forms, extracted from the medical records, by midwives attending that

labor [33].

Analysis

Data from the three countries were tabulated by completed weeks of gestation for the gesta-

tional age comparisons. Births by hour of day were recorded in 24 hourly increments begin-

ning at midnight and presented as the annual average of these figures. To examine gestational

age distributions in the United States from 1990 to 2020, gestational age was determined using

last menstrual period, because the currently recommended method, obstetrical estimate
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related to ultrasound readings, was not available in 1990 [34]. For the examination of U.S. ges-

tational age by place of birth, we used obstetrical estimate to determine gestational age. Gesta-

tional age was categorized as< 34, 34–36, 37, 38, 39, 40, 41 and 42+ completed weeks. In the

case of England [35, 36] and the Netherlands [37], we used the gestational age reported in their

national databases with both countries relying primarily on an ultrasound based estimate.

We compared gestational age distributions for births in the U.S., [26] England [32] and the

Netherlands [28] using publicly available data from the respective countries. In the case of

home births, we relied on public use datafiles for the Netherlands and U.S., and relied on the

Birthplace study [24] for the distribution in England.

We examined birth timing by hour of day in home and hospital births occurring between

37 and 42 completed weeks in the three countries and repeated this analysis for vaginal births

in hospitals without induction or augmentation of labour.

Regulatory approvals. The Medical Ethics Review Committee of VU University Medical

Center confirmed that the Medical Research Involving Human Subjects (WMO) did not apply

for the Dutch data and therefore an official approval of the study by this committee was not

required (reference number 2020.476). The United States data are publicly available and de-

identified. The IRB reviewed the research and made the determination that it was not human

subjects research and therefore had no requirement to obtain consent. The study from which

the English data were drawn was given approval by the Berkshire Research Ethics Committee

in October 2007 (reference number: 07/H0505/151), with an amendment to the original proto-

col approved by a sub-committee in April 2008. All the data collected were routinely recorded

in the maternity, postnatal or neonatal notes and did not include personally identifiable data.

Results

Gestational age at birth

There was a notable shift in the U.S. distribution of gestational age at birth, based on last men-

strual period, over the 30-year period between 1990 and 2020 (Fig 1a). In 1990, almost half of

all U.S. births (48%) occurred at�40 weeks, with 40 weeks being the modal gestational age. By

2020, less than a third (30%) of births occurred at�40 weeks, with 39 weeks being the most

common gestational age. The mean gestational age in 1990 was 39.1 weeks (S.D. 2.7), while in

2020, using the last menstrual period measure, it was 38.5 weeks (S.D. 2.5). Over the same

period, there was only minor change in the gestational age distribution of home births in the

United States. In 1990 there was no difference in the mean gestational age (39.1 weeks)

between home and hospital births in the U.S., while by 2020, the difference was a full week:

39.5 weeks at home; 38.5 in hospitals.

Fig 1b presents gestational age distributions for 2020 U.S. births by place of birth based on

the now standard obstetrical estimate of gestational age [34]. There was a peak of home births

at 40 weeks (39% of all births), with 59% at�40 weeks and a mean gestational age of 40.2

weeks (S.D. 7.2). Hospital births had a mean gestation of 38.4 weeks (S.D. 2.4), and only 23%

occurred at�40 weeks, with the highest proportion (39%) occurring at 39 weeks.

Fig 2a, drawn from 2020 data from public databases in the respective countries, once again

shows the distinct peak of the U.S. at 39 weeks compared with England (29%) and the Nether-

lands (25%). In the U.S., three-fourths of births (76%) occurred before 40 weeks, compared to

the Netherlands at 56% and England at 60%. Fig 2b, limits the comparison to home births

using 2020 data for the U.S. and Netherlands, and Birthplace study data (2008–10) for

England. Because the English study was limited to full term births, we limited the U.S. and

Dutch data to births at 37+ weeks gestation. It shows a similar pattern in each country with a

clear peak of 40% of births at 40 weeks in all three countries.
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Births by time of day

Fig 3 displays the pattern of home births in the three countries by hour of the day. Because the

English sample excluded births prior to 37 weeks, we made the same exclusion for the U.S. and

the Netherlands. The pattern is similar across all three settings, with a peak in the early morn-

ing hours, roughly between 1:00am and 5:59am, followed by a steady decline bottoming out

between roughly 2:00pm and 4:59pm.

Fig 4a through Fig 4c present comparisons for England, the Netherlands and the U.S.

between the timing of home births and hospital vaginal births without induction or augmenta-

tion [38]. In Fig 4a, the time of birth in England varies little between home and hospital. Like-

wise in the Netherlands (Fig 4b) the patterns are largely similar, though home births show a

higher early morning (4:00–4:59 am) peak. In the case of the U.S. (Fig 4c) however, the pat-

terns in home and hospital births are inverse, with a hospital peak conforming roughly to tra-

ditional business hours (7:00am-5:00pm), even in the case of vaginal births with no induction

or augmentation–interventions that would likely alter the timing pattern. Concern that the

2014 pattern in the U.S. was unique is addressed by the comparison of data from 2014 and

2020 found in the S1 Fig, showing that these distinct patterns have remained consistent over

time. S2 Fig compares the timing of U.S. home births in 2014 and 2020 and birth center births

Fig 1. a. Gestational Age, U. S., All Births, 1990, 2020. Sources: U.S.: National Vital Statistics System, 1990 & 2020

Public Use Datasets. Note: While NCHS recommends use obstetrical estimate of gestational age, it was not available in

1990, thus comparison is based on last menstrual period for consistency between 1990 and 2020 measure. b.

Gestational Age Distribution by Place of Birth, U. S., 2020. Source: National Vital Statistics System. 2020 Public Use

Dataset.

https://doi.org/10.1371/journal.pone.0278856.g001
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in 2020. The timing of home births changes little over the 6 year period. Births in freestanding

birth centers display a comparable pattern, though with a higher rate in the early evening. S3

Fig also includes US data for 2020 on timing of hospital vaginal births with no induction or

augmentation and also without reported anesthesia medication. In that case the pattern was

slightly more similar to the home birth pattern, with a peak between 5:00 am and 8:59 am.

Discussion

Main findings

We found that over the course of 30 years, average gestational age in the U.S. was reduced by

more than one half week. To examine the possible impact of the organization of maternity

care on gestational age at birth, we compared home and hospital births in the U.S. with compa-

rable births in two countries with different organizational models of maternity care: the

Fig 2. a. 2020 Gestational Age Distributions, All Births, England, Netherlands and U.S. Source: U.S.: CDC Wonder. England: Office for National

Statistics. Netherlands: Peristat.nl. b. Gestational Age Distribution� Home Births, England, 2008–2010 & Netherlands & U.S. 2020. � To compare to data

from England, data limited to births at 37+ weeks; “0%” refers to< 0.5%. Sources: U.S.: CDC Wonder. England: Birthplace Study. Netherlands: Peristat.

nl.

https://doi.org/10.1371/journal.pone.0278856.g002
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Netherlands and England. We found that overall, the U.S. obstetrics-centered model had a dis-

tinctly larger proportion of all births at�39 weeks compared with the midwifery-centered

models of England and the Netherlands. Gestational age distributions for home births in the

U.S., the Netherlands and England, however, were very similar, with a modal category of 40

weeks.

We next examined the pattern of births by time of day. In all three countries we found that

home births had strikingly similar diurnal patterns in the timing of birth, with a clear peak in

the hours from 1:00am to 5:59am.

Limiting the hospital births to vaginal births without interventions that could alter the tim-

ing patterns (inductions or augmentation) brought the U.S. differences into sharp relief. In

this restricted sample, the timing of births at home and in hospital in England and the Nether-

lands was largely the same. In the U.S., however, a decidedly different pattern emerged. Vagi-

nal births without induction or augmentation in U.S. hospitals were far more likely to occur

during standard working hours.

A full explanation of the reasons for this difference is beyond the scope of this study and

merits future research. The undercounting of induction [39] and augmentation [40] in U.S.

birth certificate data may contribute to those differences. Possible explanations also include a

greater emphasis on active management of labor and ample access to easily administered Pito-

cin [41] and the potential impact of anesthesia administration, given the finding that the pat-

tern of U.S. births without anesthesia conformed more closely in timing to home births,

combined with the high rate of epidural use in vaginal births (74% in 2020) in the U.S. [26].

The consistency of the data on the timing of home births strongly suggests a natural pattern

whereby birth without intervention is more likely to occur in the early hours of the morning.

That this is the natural pattern of the timing of ‘undisturbed’ birth is consistent with studies of

the timing of births dating from earlier in the twentieth century when there was less medical

intervention in the management of labor [42–44].

For the purposes of hospital organization, the allocation of human resources, and provider

and support staff convenience, the timing of birth, at least in the United States, appears to have

Fig 3. Home births by hour of day, U.S. & Netherlands, 2014 & England 2008–10. Source: U.S.: National Vital Statistics System, 2014 Public Use

Dataset; England: Birthplace Study; Netherlands: Peristat.nl.

https://doi.org/10.1371/journal.pone.0278856.g003
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Fig 4. a. Births by Hour of Day and Place of Birth, (Home & Hospital Vaginal no Induction or Augmentation), England 2008–2010.

Source: Birthplace Study [24]. b. Births by Hour of Day and Place of Birth, (Home & Hospital Vaginal no Induction or

Augmentation), Netherlands, 2014. Source: Peristat.nl. c. Births by Hour of Day and Place of Birth, (Home & Hospital Vaginal no

Induction or Augmentation), U.S. 2014. Source: National Vital Statistics System 2014 Public Use Dataset.

https://doi.org/10.1371/journal.pone.0278856.g004
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evolved into a pattern that is easier for the maternity care system to manage. A variety of stud-

ies of birth outcomes reference an “evening effect” and “weekend effect.” Some of these studies

document poorer outcomes during evening and late night hours for both infants [45–48] and

birthing people [49], as well as poorer outcomes on weekends [50], with organizational limita-

tions in providing care during the night often seen as a contributing factor.

The organization and culture of maternity care practice in a given hospital can have a pro-

found impact on the nature of care provided, including the likelihood and timing of a cesarean

section [18, 51–54]. For example, in the Netherlands differences between provinces were

found in the rates of medical interventions that could not be explained by maternal factors,

most notably in type of medical pain relief and referral to a neonatologist [55]. That study also

found that higher rates of medical interventions were not associated with better maternal or

neonatal outcomes. This finding calls into question the necessity of medical interventions and

the influence of organizational culture in decision making. Similarly, time of day may influ-

ence the decision to perform medical interventions [18].

Strengths and limitations

To our knowledge, this is the first international study using large datasets to compare gesta-

tional age and timing of birth between three high income countries. Nevertheless, this study is

not without limitations. Any study drawing on data from different time periods and different

countries will face limitations based on comparability of measures [56, 57]. Wherever possible,

we used data that allowed us to create comparable categories. For example, since the 1990 U.S.

data used a measure of gestational age based on last menstrual period, we used that measure

again in 2020, in spite of the fact that current practice recommends use of obstetrical estima-

tion [58]. Furthermore, we were unable to use data from the same years across countries. In

terms of birth timing, the English data was drawn from a 2008–2010 study, while the Dutch

data used in the analyses reported here was from 2014 [25]. We had more control over the U.S.

data and used the 2014 period for comparison, although the slow adoption by U.S. states of the

revised National Certificate of a Live Birth–which added time of birth–meant that U.S. data

from 2014 did not include two states accounting for 1.2% of U.S. births, Connecticut and

Rhode Island [27]. However, when we repeated our analyses using data from 2020, we found

no differences from our analyses of 2014 data (S1 Fig). The data from the US and the Nether-

lands were from routinely collected national databases, whereas data from England were col-

lected in a national prospective cohort study that may be more susceptible to biases including,

for example, selection bias. The exclusion of higher risk births as well as planned cesareans

may explain why the timing of spontaneous vaginal hospital births in England we found varied

somewhat from a recent population based study from England [59]. However, the study in

which the data were collected had a high response rate, and data were collected without requir-

ing consent from the birthing person, minimizing the biases commonly associated with this

type of study [33].

Another limitation of comparing home and hospital births is the difference in pregnancy

risk factors and complications, although it is unlikely that these may influence the average tim-

ing of spontaneous onset of labor [31]. Studies of the reliability of the U.S. birth certificate data

on reporting key variables here finds high accuracy in terms of gestational age and method of

delivery and a tendency to undercount inductions and augmentation, which may help explain

the unique timing pattern of U.S. hospital spontaneous vaginal births [40]. Those giving birth

at home also differ in important ways (e.g. parity) from those choosing to give birth in hospi-

tals [60], which may also account for some of the home vs hospital differences in timing. Popu-

lation differences across countries heightens the importance of the striking consistency in the
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timing of home births across three countries. The large differences between gestational ages

among home and hospital births are likely to be the effect of the high rate of medical interven-

tions among hospital births, which contributes to iatrogenic preterm births [61]. Although

fewer medical interventions occur among home births, we found slightly lower gestational

ages for home births in the Netherlands.

Future research on this topic can help resolve some of the questions raised in this paper.

Specifically, comparative, prospective studies that simultaneously explored not only birth tim-

ing in home and hospital births, but also hospital maternity care practices could better identify

differences that might impact timing and outcomes. The recent concern in England that an

emphasis on “normal birth” is negatively impacting outcomes at a time when the cesarean rate

in England is rapidly rising [62] suggest the need for a more comprehensive understanding of

nature of maternity care practice. There is also a need for better documentation of induction

and augmentation in hospital births to assess what impact, if any, they have on birth timing.

Further research could also clarify whether the practice patterns of some Dutch midwives (e.g.

sweeping membranes to start labor) influences timing of birth in the larger population [63].

Conclusion

If there is a medical reason for offering an intervention, it may be beneficial to consider the

natural pattern of labour in planning that intervention. More intentional examination of the

organizational model of maternity care in the United States may benefit from lessons in other

industries (e.g. criminal justice) where resources and operations were adjusted to correspond

to need rather than organizational convenience [64, 65].

England and the Netherlands, both of which have better infant and maternal outcomes

than the U.S., rely heavily on midwives to provide maternity care, which may reflect both a dif-

ference in the allocation of resources and a preference for spontaneous labor over intervention

[23]. The fact that spontaneous non-intervened vaginal hospital births in England and the

Netherlands exhibit a temporal pattern very similar to home births raises the question of

whether U.S. maternity care outcomes might improve from a similar practice.

The positive outcomes associated with births in freestanding birthing centers–where, unlike

lower risk hospital births in the U.S., the timing pattern is similar to home births (S2 Fig)–and,

like home births, the primary attendant is a midwife [66], suggests that there may be an advan-

tage to letting labor take its own course and adapting our institutions to that pattern [67–70].

The question raised by this study is simple: would U.S. maternity outcomes improve if care

were organized to correspond to the natural rhythms of labor and the needs of laboring per-

sons, rather than organizational imperatives?
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30. Méray N, Reitsma JB, Ravelli AC, Bonsel GJ. Probabilistic record linkage is a valid and transparent tool

to combine databases without a patient identification number. J Clin Epidemiol. 2007; 60(9):883–891.

https://doi.org/10.1016/j.jclinepi.2006.11.021 PMID: 17689804

31. de Jonge A, Peters L, Geerts CC, et al. Mode of birth and medical interventions among women at

low risk of complications: A cross-national comparison of birth settings in England and the Nether-

lands. PLoS One. 2017; 12(7):e0180846. https://doi.org/10.1371/journal.pone.0180846 PMID:

28749944

32. Office of National Statistics England. Live births, stillbirths and neonatal deaths by gestational age in

England, 2010 to 2019 (live births). In: Office of National Statistics England, ed. England2020.

33. Birthplace in England Collaborative Group. Perinatal and maternal outcomes by planned place of birth

for healthy women with low risk pregnancies: the Birthplace in England national prospective cohort

study. British Medical Journal (Clinical Research Ed). 2011; 343:d7400. https://doi.org/10.1136/bmj.

d7400 PMID: 22117057

PLOS ONE The natural pattern of birth timing and gestational age in the U.S. compared to England, and the Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0278856 January 18, 2023 12 / 14

https://doi.org/10.1016/0002-9378%2860%2990205-2
http://www.ncbi.nlm.nih.gov/pubmed/14409199
https://doi.org/10.2190/C8CF-GLPC-6LBW-9KWA
https://doi.org/10.2190/C8CF-GLPC-6LBW-9KWA
http://www.ncbi.nlm.nih.gov/pubmed/468439
http://www.ncbi.nlm.nih.gov/pubmed/6541697
https://doi.org/10.1371/journal.pone.0198183
https://doi.org/10.1371/journal.pone.0198183
http://www.ncbi.nlm.nih.gov/pubmed/29902220
https://doi.org/10.1002/ajpa.23483
https://doi.org/10.1002/ajpa.23483
http://www.ncbi.nlm.nih.gov/pubmed/29665070
https://doi.org/10.1111/birt.12504
https://doi.org/10.1111/birt.12504
http://www.ncbi.nlm.nih.gov/pubmed/33124095
https://doi.org/10.1016/j.jclinepi.2006.11.021
http://www.ncbi.nlm.nih.gov/pubmed/17689804
https://doi.org/10.1371/journal.pone.0180846
http://www.ncbi.nlm.nih.gov/pubmed/28749944
https://doi.org/10.1136/bmj.d7400
https://doi.org/10.1136/bmj.d7400
http://www.ncbi.nlm.nih.gov/pubmed/22117057
https://doi.org/10.1371/journal.pone.0278856


34. Martin J, Osterman M, Kirmeyer S, Gregory E. Measuring gestational age in vital statistics data: Transi-

tioning to the obstetric estimate. Hyattsville, MD2015.

35. Coathup V, Boyle E, Carson C, et al. Gestational age and hospital admissions during childhood: popula-

tion based, record linkage study in England (TIGAR study). Bmj. 2020; 371:m4075. https://doi.org/10.

1136/bmj.m4075 PMID: 33239272

36. Moser K, Hilder L. Assessing quality of NHS Numbers for Babies data and providing gestational age sta-

tistics. Health Stat Q. 2008(37):15–23. PMID: 18351024

37. Nederlandse Vereniging Voor. PROTOCOL DATERING VAN DE ZWANGERSCHAP. Versie 2.0.

2018.

38. Son M, Lai Y, Bailit J, et al. Association Between Time of Day and the Decision for an Intrapartum

Cesarean Delivery. Obstet Gynecol. 2020; 135(3):535–541. https://doi.org/10.1097/AOG.

0000000000003707 PMID: 32028489

39. Ziogas C, Hillyer J, Saftlas AF, Spracklen CN. Validation of birth certificate and maternal recall of events

in labor and delivery with medical records in the Iowa health in pregnancy study. BMC Pregnancy Child-

birth. 2022; 22(1):232. https://doi.org/10.1186/s12884-022-04581-7 PMID: 35317778

40. Gregory E, Martin J, Argov E, Osterman M. Assessing the quality of medical and health data from the

2003 birth certificate revision: Results from New York City. 2019.

41. Simpson KR. Considerations for Active Labor Management with Oxytocin: More May Not be Better.

MCN The American journal of maternal child nursing. 2020; 45(4):248. https://doi.org/10.1097/NMC.

0000000000000639 PMID: 32604188

42. Kaiser IH, Halberg F. Circadian Periodic Aspects of Birth. Annals of the New York Academy of Sci-

ences. 1962; 98(4):1056–1068. https://doi.org/10.1111/j.1749-6632.1962.tb30618.x PMID: 13961851

43. Heres MHB, Pel M, Borkent-Polet M, Treffers PE, Mirmiran M. The hour of birth: comparisons of circa-

dian pattern between women cared for by midwives and obstetricians. Midwifery. 2000; 16(3):173–176.

https://doi.org/10.1054/midw.1999.0210 PMID: 10970750

44. Charles E. The Hour of Birth: A Study of the Distribution of Times of Onset of Labour and of Delivery

throughout the 24-Hour Period. British Journal of Preventive and Social Medicine. 1953; 7(2):43–59.

https://doi.org/10.1136/jech.7.2.43 PMID: 13051536

45. Gijsen R, Hukkelhoven C, Schipper CM, Ogbu U, de Bruin-Kooistra M, Westert G. Effects of hospital

delivery during off-hours on perinatal outcome in several subgroups: a retrospective cohort study. BMC

Pregnancy and Childbirth. 2012; 12(1):92. https://doi.org/10.1186/1471-2393-12-92 PMID: 22958736

46. Pasupathy D, Wood AM, Pell JP, Fleming M, Smith GCS. Time of birth and risk of neonatal death at

term: retrospective cohort study. BMJ. 2010; 341:c3498. https://doi.org/10.1136/bmj.c3498 PMID:

20634347

47. Windsperger K, Kiss H, Oberaigner W, et al. Working-hour phenomenon in obstetrics is an attainable

target to improve neonatal outcomes. American Journal of Obstetrics and Gynecology. 2019; 221

(3):257.e251–257.e259. https://doi.org/10.1016/j.ajog.2019.04.034 PMID: 31055029

48. Wagner S, Chen H-Y, Gupta M, Chauhan S. Association of Time of Delivery With Composite Adverse

Outcomes in Low-Risk Pregnancies. Obstet Gynecol. 2020; 135(3):527–534. https://doi.org/10.1097/

AOG.0000000000003675 PMID: 32028497

49. Lyndon A, Lee HC, Gay C, Gilbert WM, Gould JB, Lee KA. Effect of time of birth on maternal morbidity

during childbirth hospitalization in California. American Journal of Obstetrics and Gynecology. 2015;

213(5):705.e701–705.e711. https://doi.org/10.1016/j.ajog.2015.07.018 PMID: 26196454

50. Kim S, Selya AS. Weekend delivery and maternal-neonatal adverse outcomes in low-risk pregnancies

in the United States: A population-based analysis of 3-million live births. Birth. 2022.

51. Plough A, Galvin G, Li Z, et al. Relationship Between Labor and Delivery Unit Management Practices

and Maternal Outcomes. Obstet Gynecol. 2017; 130(2):358–365. https://doi.org/10.1097/AOG.

0000000000002128 PMID: 28697107

52. White VanGompel E, Perez S, Wang C, Datta A, Cape V, Main E. Measuring labor and delivery unit cul-

ture and clinicians’ attitudes toward birth: Revision and validation of the Labor Culture Survey. Birth.

2019; 46(2):300–310. https://doi.org/10.1111/birt.12406 PMID: 30407646

53. Fraser W, Usher RH, McLean FH, et al. Temporal variation in rates of cesarean section for dystocia:

Does “convenience” play a role? American Journal of Obstetrics and Gynecology. 1987; 156(2):300–

304. https://doi.org/10.1016/0002-9378(87)90272-9 PMID: 3826164

54. Hueston WJ, McClaflin RR. Variations in cesarian delivery for fetal distress. In. Journal of Family Prac-

tice. Vol 431996:461+.

55. Seijmonsbergen-Schermers AE, Zondag DC, Nieuwenhuijze M, et al. Regional variations in childbirth

interventions in the Netherlands: a nationwide explorative study. BMC Pregnancy Childbirth. 2018; 18

(1):192. https://doi.org/10.1186/s12884-018-1795-0 PMID: 29855270

PLOS ONE The natural pattern of birth timing and gestational age in the U.S. compared to England, and the Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0278856 January 18, 2023 13 / 14

https://doi.org/10.1136/bmj.m4075
https://doi.org/10.1136/bmj.m4075
http://www.ncbi.nlm.nih.gov/pubmed/33239272
http://www.ncbi.nlm.nih.gov/pubmed/18351024
https://doi.org/10.1097/AOG.0000000000003707
https://doi.org/10.1097/AOG.0000000000003707
http://www.ncbi.nlm.nih.gov/pubmed/32028489
https://doi.org/10.1186/s12884-022-04581-7
http://www.ncbi.nlm.nih.gov/pubmed/35317778
https://doi.org/10.1097/NMC.0000000000000639
https://doi.org/10.1097/NMC.0000000000000639
http://www.ncbi.nlm.nih.gov/pubmed/32604188
https://doi.org/10.1111/j.1749-6632.1962.tb30618.x
http://www.ncbi.nlm.nih.gov/pubmed/13961851
https://doi.org/10.1054/midw.1999.0210
http://www.ncbi.nlm.nih.gov/pubmed/10970750
https://doi.org/10.1136/jech.7.2.43
http://www.ncbi.nlm.nih.gov/pubmed/13051536
https://doi.org/10.1186/1471-2393-12-92
http://www.ncbi.nlm.nih.gov/pubmed/22958736
https://doi.org/10.1136/bmj.c3498
http://www.ncbi.nlm.nih.gov/pubmed/20634347
https://doi.org/10.1016/j.ajog.2019.04.034
http://www.ncbi.nlm.nih.gov/pubmed/31055029
https://doi.org/10.1097/AOG.0000000000003675
https://doi.org/10.1097/AOG.0000000000003675
http://www.ncbi.nlm.nih.gov/pubmed/32028497
https://doi.org/10.1016/j.ajog.2015.07.018
http://www.ncbi.nlm.nih.gov/pubmed/26196454
https://doi.org/10.1097/AOG.0000000000002128
https://doi.org/10.1097/AOG.0000000000002128
http://www.ncbi.nlm.nih.gov/pubmed/28697107
https://doi.org/10.1111/birt.12406
http://www.ncbi.nlm.nih.gov/pubmed/30407646
https://doi.org/10.1016/0002-9378%2887%2990272-9
http://www.ncbi.nlm.nih.gov/pubmed/3826164
https://doi.org/10.1186/s12884-018-1795-0
http://www.ncbi.nlm.nih.gov/pubmed/29855270
https://doi.org/10.1371/journal.pone.0278856


56. Declercq E, Viisainen K. The Politics of Numbers: The Promise and Frustration of Cross-National Analy-

sis. In: De Vries R, Benoit C, van Teijlingen E, Wrede S, eds. Birth by Design. New York: Routledge;

2001:267–279.

57. Joseph KS, Razaz N, Muraca GM, Lisonkova S. Methodological Challenges in International Compari-

sons of Perinatal Mortality. Current epidemiology reports. 2017; 4(2):73–82. https://doi.org/10.1007/

s40471-017-0101-4 PMID: 28680794

58. Martin J, Hamilton B, Osterman M, Driscoll A, Drake P. Births: Final data for 2017. Hyattsville, MD2018.

59. Newburn M, Scanlon M, Plachcinski R, Jill Macfarlane A. Involving service users in the Birth Timing proj-

ect, a data linkage study analysing the timing of births and their outcomes. Int J Popul Data Sci. 2020; 5

(3):1366. https://doi.org/10.23889/ijpds.v5i3.1366 PMID: 34007886

60. MacDorman MF, Declercq E. Trends and state variations in out-of-hospital births in the United States,

2004–2017. Birth. 2019; 46(2):279–288. https://doi.org/10.1111/birt.12411 PMID: 30537156

61. Blencowe H, Cousens S, Chou D, et al. Born too soon: the global epidemiology of 15 million preterm

births. Reprod Health. 2013; 10 Suppl 1(Suppl 1):S2. https://doi.org/10.1186/1742-4755-10-S1-S2

PMID: 24625129

62. de Jonge A, De Vries R, Declercq E. Where the Ockenden report goes wrong: Let us keep calm and fol-

low the evidence. BJOG: an international journal of obstetrics and gynaecology. 2022. https://doi.org/

10.1111/1471-0528.17276 PMID: 35946810

63. De Miranda E, Van Der Bom J, Bonsel G, Bleker O, Rosendaal F. Membrane sweeping and prevention

of post-term pregnancy in low-risk pregnancies: a randomised controlled trial. BJOG: An International

Journal of Obstetrics & Gynaecology. 2006; 113(4):402–408. https://doi.org/10.1111/j.1471-0528.

2006.00870.x PMID: 16489935

64. Bullock K. Community, intelligence-led policing and crime control. Policing and Society. 2013; 23

(2):125–144.

65. Karn J. Policing and Crime Reduction: The Evidence and its Implications for Practice. Washington, DC:

Police Foundation;2013.

66. Osterman M, Hamilton B, Martin JA, Driscoll AK, Valenzuela CP. Births: Final Data for 2020. Feb 2021.

1551–8922.

67. Stapleton SR, Osborne C, Illuzzi J. Outcomes of Care in Birth Centers: Demonstration of a Durable

Model. Journal of Midwifery & Women’s Health. 2013; 58(1):3–14. https://doi.org/10.1111/jmwh.12003

PMID: 23363029

68. National Academies of Sciences E, and Medicine,. Birth Settings in America: Outcomes, Quality,

Access, and Choice. Washington, D.C.2020.

69. Scarf VL, Rossiter C, Vedam S, et al. Maternal and perinatal outcomes by planned place of birth among

women with low-risk pregnancies in high-income countries: A systematic review and meta-analysis.

Midwifery. 2018; 62:240–255. https://doi.org/10.1016/j.midw.2018.03.024 PMID: 29727829

70. Reitsma A, Simioni J, Brunton G, Kaufman K, Hutton EK. Maternal outcomes and birth interventions

among women who begin labour intending to give birth at home compared to women of low obstetrical

risk who intend to give birth in hospital: A systematic review and meta-analyses. EClinicalMedicine.

2020; 21:100319. https://doi.org/10.1016/j.eclinm.2020.100319 PMID: 32280941

PLOS ONE The natural pattern of birth timing and gestational age in the U.S. compared to England, and the Netherlands

PLOS ONE | https://doi.org/10.1371/journal.pone.0278856 January 18, 2023 14 / 14

https://doi.org/10.1007/s40471-017-0101-4
https://doi.org/10.1007/s40471-017-0101-4
http://www.ncbi.nlm.nih.gov/pubmed/28680794
https://doi.org/10.23889/ijpds.v5i3.1366
http://www.ncbi.nlm.nih.gov/pubmed/34007886
https://doi.org/10.1111/birt.12411
http://www.ncbi.nlm.nih.gov/pubmed/30537156
https://doi.org/10.1186/1742-4755-10-S1-S2
http://www.ncbi.nlm.nih.gov/pubmed/24625129
https://doi.org/10.1111/1471-0528.17276
https://doi.org/10.1111/1471-0528.17276
http://www.ncbi.nlm.nih.gov/pubmed/35946810
https://doi.org/10.1111/j.1471-0528.2006.00870.x
https://doi.org/10.1111/j.1471-0528.2006.00870.x
http://www.ncbi.nlm.nih.gov/pubmed/16489935
https://doi.org/10.1111/jmwh.12003
http://www.ncbi.nlm.nih.gov/pubmed/23363029
https://doi.org/10.1016/j.midw.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/29727829
https://doi.org/10.1016/j.eclinm.2020.100319
http://www.ncbi.nlm.nih.gov/pubmed/32280941
https://doi.org/10.1371/journal.pone.0278856

