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Association of Gestational Age at Birth With Risk of Perinatal Mortality

and Special Educational Need Among Twins

Sarah Murray, PhD; Daniel MacKay, PhD; Sarah Stock, PhD; Jill Pell, MD; Jane Norman, MD

IMPORTANCE Twin pregnancies account for 3% of live births but experience substantially
more perinatal morbidity and mortality than singleton pregnancies. Optimizing the timing of
birth is a key strategy in improving twin pregnancy outcomes. Current UK and US policies are
based on observational studies of perinatal mortality and not on longer-term effects. The
association of timing of birth with long-term childhood outcomes among twins is uncertain.

OBJECTIVE To identify the optimal gestation week for birth of twin infants by calculating the
week of birth associated with the lowest risk of short-term and long-term adverse outcomes
(perinatal mortality and special educational need [SEN] at school).

DESIGN, SETTING, AND PARTICIPANTS This population-based, data-linkage cohort study
included 43 133 twin infants born at a gestational age of 34 weeks onward between January 1,
1980, and December 31, 2015, in Scotland. The data were analyzed from June 1, 2017, to
March 1, 2019.

EXPOSURES Gestational age (in weeks) at the time of birth.

MAIN OUTCOMES AND MEASURES The primary outcomes were extended perinatal mortality
and a record of SEN (=1 of intellectual disabilities, dyslexia, physical or motor impairment,
language or speech disorder, autistic spectrum disorder, and social, emotional, or behavioral
difficulties) at school (children aged 4-18 years). To infer the consequence of the gestational
age at birth, clinical outcomes of twin infants born at each week of gestation from 34 weeks
onward were compared with those of twin infants remaining in utero thereafter.

RESULTS Of the total 43133 twin infants included in the study, 21696 (50.3%) were females.
Although maternity records were available for all infants, 9519 sex-discordant twin children
were linked to their educational data, of whom 1069 (13.8%) had a record of SEN. Compared
with twins remaining in utero (n = 26 172), birth at any gestational age from 34 to 37 weeks
was associated with increased odds of perinatal death (ie, adjusted odds ratio [AOR], 1.99;
95% Cl, 1.53-2.69 at 36 weeks [n = 8056]) and increased risk of SEN at school (AOR, 1.39;
95% Cl, 1.11-1.74, for birth at 36 weeks compared with 37 weeks). In a competing risk analysis,
the risks of stillbirth and neonatal death were balanced at 37 weeks (risk difference, 2.05;
95% Cl, 0.8-3.3).

CONCLUSIONS AND RELEVANCE The findings of this study suggest that, in the absence of a
medical complication, twins should not be routinely delivered before 37 completed weeks of
gestation. These findings may help optimize shared decision-making around the timing of
twin birth.
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he rate of birth of twins has been increasing, in part

owing to assisted reproduction methods, with 24% of

these procedures resulting in twins.»? Twin pregnan-
cies account for only 3% of live births but account for 15% of
neonatal and special care baby unit admissions.® These
admissions and the increased cesarean delivery rate
together result in a greater health care expenditure of twins,
estimated to be 3 times that of singletons.* Twin pregnan-
cies are also associated with higher perinatal mortality,
owing to higher rates of stillbirth (infants born without
signs of life after 24 weeks of gestation) and neonatal death
(infants born alive but who die within 28 days).? Thus, opti-
mizing the timing of birth is a key strategy in reducing peri-
natal mortality and is a research priority.%> The optimum
timing of birth of twins remains uncertain. Randomized
controlled trials on the timing of birth have not been
adequately powered to draw definitive conclusions®7;
therefore, observational studies have been used to inform
current policies for twins (National Institute for Health and
Clinical Excellence in the UK [NICE]? and the Society for
Maternal and Fetal Medicine [SMFM] in the US®). However,
these observational studies have some methodological
weaknesses; many used live births as the denominator
rather than population at risk (which includes ongoing preg-
nancies), and they do not adjust for the clustering of
twins.®1° A systematic review of observational and random-
ized studies concluded that, to minimize perinatal death,
birth should be considered from 37 weeks in dichorionic
pregnancies and 36 weeks in monochorionic pregnancies.

Data from singletons illustrate the need to consider the
association of timing of birth with long-term neurodevelop-
ment outcomes (with performance at school as a surrogate).
In uncomplicated singleton pregnancies, perinatal mortality
is lowest at 38 to 39 weeks,!"* but the odds of having a rec-
ord of special educational need (SEN) at school (intellectual,
physical, or motor impairment) is lowest at 41 weeks of
gestation.!* Hence, although perinatal death could be
reduced by earlier delivery, this may increase neurodevel-
opmental compromise.'®
The present study’s objective was to explore the associa-

tion between gestational age at birth of twins and short- and
long-term childhood outcomes.

Methods

Study Population

This population-based cohort study assessed twin pregnan-
cies delivered at a gestational age of 34 weeks or more be-
tween January 1, 1980, and December 31, 2015. The study was
approved by the NHS (National Health Service) Scotland Pub-
lic Benefit and Privacy Panel for Health and Social Care, and
the South East Scotland Research Ethics Committee. All data
were nonidentifiable, and the Public Benefit and Privacy Panel
for Health and Social Care waived the need for patient con-
sent. A data processing and sharing agreement was produced
between the University of Edinburgh, Edinburgh, Scotland, and
the NHS Information Services Division.
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Key Points

Question What is the association of gestational age at the time of
birth of twins with the risk of perinatal mortality and special
educational need and what is the optimal week for the birth?

Findings This population cohort study of 43 133 twins using
record linkage of their maternity and educational data found that
delivery before 37 weeks of gestation was associated with an
increased risk of perinatal death and special educational need at
school.

Meaning The findings of this study suggest that twin infants
should not be delivered before 37 completed weeks of gestation in
the absence of medical complications.

Databases

Data were obtained from the Scottish Morbidity Record 02
(SMRO02), the Scottish Stillbirth and Infant Death Survey
(SSBID), and the Scottish Exchange of Educational Data
(ScotXed). The study population was derived from the SMRO2
maternity database, which collects data on maternal, obstet-
ric, and neonatal outcomes. The SSBID database contains in-
formation on stillbirths and infant deaths that are registered,
with registration mandated by law. The ScotXed contains de-
tails on the pupil census and has been conducted annually since
2005 by all local authority-run schools. The information in-
cludes whether a child has an SEN. The SMRO2 database is sub-
jected to regular quality assurance checks and has been more
than 99% complete since 1980.'® With the use of SMRO2 data
as the base population, the educational data from the ScotXed
database was record-linked to the SMRO2 by the Information
Services Division. The linkage method has been described
previously.!” The follow-up study of the educational out-
comes was limited to sex-discordant twins because we could
not ascertain whether the correct twin records were linked for
same-sex twins.

Inclusion and Exclusion Criteria

Women were included if they had a twin birth at or after 34
weeks of gestation. Births were excluded if there was a con-
genital anomaly, gestational age at birth was recorded as miss-
ing or as longer than 44 weeks, maternal age was less than 10
years, parity was missing or more than 14, birth weight was
greater than 5000 g, or fetal sex was recorded as missing. For
the follow-up study, we excluded individuals whose age was
recorded as younger than 4 years or older than 19 years.

Outcomes, Exposures, and Covariates

The exposure of interest was gestational age at birth. In SMRO2,
the units for gestational age at birth are completed weeks of
gestation, calculated using the estimated date of delivery. This
variable has been described previously and is considered ac-
curate and of high quality,'* with more than 95% of women
having had gestational age confirmed by ultrasonography since
the early 1990s.'® We compared birth at a particular week of
gestation with ongoing pregnancies (ie, women who go on to
deliver at a later gestation by any mode of onset; this method
has been described previously''3).

jamapediatrics.com
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The 2 primary outcomes were extended perinatal mor-
tality and a record of SEN at school. Extended perinatal
mortality was defined as combined stillbirth or neonatal
death. SEN is defined by the UK Department of Education as
being unable to benefit fully from school without help
beyond that normally given to schoolchildren of the same
age.'® In the present study, SEN was defined as a record of
any of the following: intellectual disabilities, dyslexia,
physical or motor impairment, language or speech disorder,
autistic spectrum disorder, and social, emotional, or behav-
ioral difficulties.

The secondary outcomes studied included neonatal
morbidity (a composite measure of morbidity defined as an
infant with a low Apgar score [<7 at 5 minutes after birth],
who required admission to a neonatal, special care baby, or
neonatal intensive care unit, or who required assisted venti-
lation). An exploratory analysis of academic achievement at
school and leaver destination was performed. Highest aca-
demic attainment was derived from the number of exami-
nations attained at each level of the Scottish Credit and
Qualifications Framework?° and converted into the follow-
ing: poor educational attainment (low [>1 at level 2, <5 at
level 3, or <2 at level 4] and basic attainment [>5 at level 3,
>2 at level 4, or <4 at level 5]), high educational attainment
(broad attainment [>7 at level 4, >5 at level 5, or <3 at level
6], and highest attainment [>1 at level 7 or >3 at level 6]).
School leaver destination was defined as a dichotomous
variable of higher or further education, employment, or
training, or unemployment.

The following variables were considered potential con-
founders and were included in the multivariable regression
analyses: maternal age at birth of twins (<20, 21-30, 31-40,
and >40 years), parity during the index pregnancy (para O or
para =1), year of birth (1981-1985, 1986-1990, 1991-1995,
1996-2000, 2001-2005, 2006-2010, or 2011-2015), area
socioeconomic deprivation quintile of postcode of residence
(defined by Carstairs 2001 quintiles: 1 [most affluent] to 5
[most deprived]?'), gestation-specific and sex-specific birth
weight centiles (<3, 4-10, 11-90, 91-97, or >97), fetal sex
(male or female), smoking status at booking (current smoker
or nonsmoker), and maternal height (<150, 150-154, 155-159,
160-164, 165-169, 170-174, or >175 cm).

Statistical Analyses

The data were analyzed from June 1, 2017, to March 1, 2019.
Summary statistics were derived and compared by the out-
come of perinatal death. To assess the risk of perinatal
death at each week of gestation compared with ongoing
pregnancies, univariate and multivariate generalized esti-
mating equation (GEE) analyses were performed. The user-
written quasi-likelihood under the independence model cri-
terion (QIC) statistic was used to compare different
correlation structures.?? The structure with the lowest trace
QIC was selected. To assess for the consequence of medi-
cally indicated deliveries, an interaction term was included
in the GEE model and compared with the model without
interaction. The indication for delivery is not recorded in
SMRO2, unlike medical conditions in pregnancy (recorded
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using the International Classification of Diseases, Ninth
Revision [ICD-9] and International Statistical Classification
of Diseases and Related Health Problems, Tenth Revision
[ICD-10]).%* Medically indicated delivery was defined as at
least 1 of the following conditions: hypertensive disease
(ICD-10 code 010), diabetes mellitus (ICD-10 code 024),
small for gestational age (ICD-10 code P0O5), thromboem-
bolic disease (ICD-10 code 022), liver disorders (ICD-10 code
026), antenatal investigation of abnormality (ICD-10 code
042), and poor obstetric history (previous stillbirth or
neonatal death ICD-10 code 009). A competing risk analysis
was performed to assess the risk of delivery vs expectant
management at a particular week. The competing risk of
perinatal death at a given gestational week was defined as
the difference between the risk of stillbirth and risk of neo-
natal death for deliveries in that week, thus providing a
direct measure of benefit or harm. Univariate and multivari-
ate GEE analyses were performed to assess the associations
between gestational age at birth and a record of SEN at
school. Leaver status and academic achievement were
analyzed using multivariable logistic regression modeling.

Missing values for maternal height, smoking status, and
deprivation category were created using multiple imputation
by chained equations using ICE in Stata.?* All covariates and
outcomes were included in the imputation, and 30 imputed
data sets were created. The multivariable models were fitted
to each imputed data set, and a pooled result was obtained.
A sensitivity analysis of complete cases against the imputed
data sets was performed.

Chorionicity is not recorded in SMRO2, but because
chorionicity is associated with the risk of perinatal mortality
(2-fold higher perinatal mortality in monochorionic vs
dichorionic twins?®), a subgroup analysis of only dichorionic
twins (identified by sex discordance) was performed.

Population-attributable fractions?® were estimated using
individuals with complete data to assess the proportion of
perinatal death that was potentially explained by gestation at
birth.

Sensitivity Analyses

To assess the consequences of pregnancies complicated by 1
perinatal death that occurred more than 1 week before birth
(ie, a stillbirth in a different week than the delivery week), a
sensitivity analysis was performed excluding pregnancies
with extreme birth weight discordance at birth. Specifically,
if there was 1 fetal death and extreme birth weight discor-
dance (defined as a difference in birth weight of >40%
[calculated using the difference in the mean twin birth
weight in the Scottish population at 28 and 32 weeks in the
cohort]), we assumed that the intrauterine fetal death likely
occurred more than 1 week before birth and that inclusion
of this twin pair would lead to an overestimation of
stillbirth.

A sensitivity analysis was performed excluding
medically indicated deliveries for both perinatal death and SEN.
P values for hypothesis tests were 2-sided and set at P < .05.
All analyses were undertaken using Stata, version 14.1
(StataCorp).

JAMA Pediatrics May 2020 Volume 174, Number 5
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Figure 1. Derivation of the Study Cohort
(Derivation of the Study Populations for the Different Outcomes)

43436 Twin infants (234-wk gestation) identified
in SMR02 database (1980-2015)

303 Excluded
172 Removed for missing parity
70 Unreliable gestational age measurement
61 Outliers (maternal age, fetal sex,
or outcomes of pregnancy)

Study Population 1
43133 Twin infants included

Events (database)
472 Perinatal deaths (SSBID)

|

Study Population 2
14552 Sex-discordant twins included

Events (database)
146 Perinatal deaths (SSBID)

!

Study Population 3
9519 Sex-discordant twins linked to ScotXed included
Events (database)
1069 Special educational needs (ScotXed)

SMRO2 indicates Scottish Morbidity Record 02; SSBID, Scottish Stillbirth and
Infant Death Survey; and ScotXed, Scottish Exchange of Educational Data.

. |
Results

The SMRO2 database contained 43 436 twin infants born in
Scotland between January 1,1980, and December 31, 2015, with
43133 infants eligible for inclusion in the analysis. Of them,
21696 (50.3%) were female infants. A total of 472 perinatal
deaths, 354 stillbirths, and 118 neonatal deaths were re-
corded. The process of deriving the study cohort is outlined
in Figure 1.

The largest proportion of twins were delivered between 37
and 38 weeks’ gestation (21 057 [48.8%]), and 16 961 twin in-
fants (39.3%) were born preterm. In total, 26 578 mothers
(61.1%) were between ages 25 and 35 years at the time of de-
livery, and 24 576 (57.0%) were primigravid. Table 1 gives the
cohort characteristics. Data were missing for deprivation cat-
egory (782 [1.8%]), maternal height (6289 [14.6%]), and ma-
ternal smoking (14 805 [34.3%]).

Short-term Perinatal Outcomes

According to Gestational Age at Birth

Primary Outcome

Outcomes of perinatal mortality by week of gestation com-
pared with ongoing pregnancies are reported in Table 2. Com-
pared with the twins remaining in utero (n = 26 172), birth of
twins at any complete week from 34 to 37 weeks of gestation
was associated with an increased risk of perinatal mortality (ad-
justed odds ratio [AOR], 2.59; 95% CI, 1.99-3.39 at 34 weeks
[n = 3774]; AOR, 2.12; 95% CI, 1.63-2.76 at 35 weeks [n = 5131];
and AOR, 1.99; 95% CI, 1.53-2.69 at 36 weeks [n = 8056]). Birth
at 37, 38, or 39 weeks of gestation was associated with no

JAMA Pediatrics May 2020 Volume 174, Number 5
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increased risk of perinatal mortality compared with that for the
infants remaining in utero (AOR, 1.10; 95% CI, 0.81-1.51 at 37
weeks; AOR, 0.92; 95% CI, 0.61-1.38 at 38 weeks; and AOR, 0.77;
95% CI, 0.41-1.45 at 39 weeks). Gestation at birth before 37
weeks had a population-attributable fraction (PAF) of perina-
tal mortality of 34.2% (Table 2).

In the competing risk analysis, the risk of stillbirth was sig-
nificantly lower than the risk of neonatal death at 34 and 35
weeks of gestation (risk difference, -2.49 at 34 weeks and -2.43
at 35 weeks; Figure 2) but balanced at 37 weeks (risk differ-
ence, 2.05; 95% CI, 0.8-3.3). After 37 weeks, the risk of still-
birth significantly outweighed the risk of neonatal death (risk
difference, 7.80; 95% CI, 4.86-10.55; Figure 2).

Secondary Outcomes

Table 2 provides the neonatal morbidity for twin infants de-
livered and those remaining in utero for each week of gesta-
tion. Twin infants born before 38 weeks had an increased risk
of neonatal morbidity compared with that for infants remain-
ingin utero (AOR, 16.23; 95% CI, 14.23-18.45 at 34 weeks; AOR,
5.67; 95% CI, 5.21-6.17 at 35 weeks; AOR, 2.77; 95% CI, 2.58-
2.99 at 36 weeks; and AOR, 1.50; 95% CI, 1.38-1.63 at 37 weeks).
Birth at 38 and 39 weeks’ gestation had no increased or de-
creased risk of neonatal morbidity compared with that for the
infants remaining in utero.

Sex-Discordant Twins

Results of the subgroup analysis of sex-discordant dichori-
onic twins (n = 14 755) were similar to the results for all twins:
birth before 37 weeks was associated with an increased risk
of perinatal death compared with that for the infants remain-
ing in utero (AOR, 1.81; 95% CI, 1.28-2.55, eTable 1 in the
Supplement).

Long-term Educational Outcomes

According to Gestational Age at Birth

Primary Outcome

Atotal of 9519 sex-discordant twin children were linked to their
educational data, and 1069 (13.8%) had arecord of SEN. Anin-
verse linear association was observed between gestational age
atbirth and SEN (eFigure in the Supplement). Compared with
birth at 37 weeks, children born at each week of gestation be-
fore 37 weeks had an increased risk of SEN at school (AOR, 1.35;
95% CI, 1.01-1.82 at 34 weeks; AOR, 1.35; 95% CI, 1.05-1.74 at
35 weeks; and AOR, 1.39; 95% CI, 1.11-1.74 at 36 weeks, Table 3).
The risk of SEN did not change with birth between 38 and 39
weeks or after 40 weeks (Table 3). The overall rate of SEN and
therate at each gestational week was higher among twins than
that previously reported among singletons'* (eTable 2 in the
Supplement; only nonmedically indicated twin births were in-
cluded in this table to compare with nonmedically indicated
singleton births reported by MacKay et al'%).

Secondary Outcomes

The exploratory analysis of academic attainment included 2551
twins. Gestational age at birth was not associated with low at-
tainment at school (AOR, 1.07; 95% CI, 0.57-2.02 at 34 weeks
compared with birth at 37 weeks; Table 3). The analysis of leaver
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Table 1. Baseline Demographics of the Population of 43 133 Twins Born in Scotland
and the Odds of Perinatal Death

Perinatal Deaths,

Variable No. of Twin Births (%) No. (%) Crude OR (95% CI) P Value
Gestation, wk
34 3774 (8.8) 85(2.2) 3.25(2.38-4.43)
35 5131 (11.9) 85 (1.7) 2.37(1.74-2.34)
36 8056 (18.7) 103 (1.3) 1.82 (1.36-2.45)
37 10925 (25.3) 77 (0.7) 1 [Reference]
38 10132 (23.5) 73(0.7) 1.02 (0.74-1.41) <001
39 3261 (7.6) 29(0.9) 1.26 (0.82-1.94)
240 1854 (4.3) 20(1.1) 1.54 (0.94-2.52)
Missing 0
Sex
Male 21437 (49.7) 247 (1.2) 1.1(0.93-1.33)
Female 21696 (50.3) 225(1.0) 1 [Reference] 23
Missing 0
Parity
Primiparous 18287 (42.2) 202 (1.1) 1.02 (0.85-1.22)
Nulliparous 24576 (57.6) 270(1.2) 1 [Reference] .86
Missing 0
Maternal age, y
<20 2235 (5.2) 29(1.3) 1.27 (0.85-1.90)
20-25 7610 (17.6) 91(1.2) 1.17 (0.89-1.52)
26-30 13336 (30.9) 137 (1.0) 1 [Reference]
31-35 13242 (20.7) 144 (1.1) 1.06 (0.84-1.43) 77
36-40 5915 (13.7) 61(1.0) 1.01(0.74-1.36)
>40 795 (1.8) 10(1.3) 1.23 (0.85-1.90)
Missing 0
Year of birth
1980-1985 6140 (14.2) 131(2.1) 4.31(2.89-6.42)
1986-1990 5692 (13.2) 73(1.3) 2.57(1.68-3.93)
1991-1995 6277 (14.6) 73(1.2) 2.33(1.52-3.56)
1996-2000 6194 (14.4) 65 (1.0) 2.10(1.36-3.24)
2001-2005 5900 (13.7) 42(0.7) 1.42(0.89-2.27) <001
2006-2010 6970 (16.2) 58(0.8) 1.66 (1.07-2.58)
2011-2015 5960 (13.8) 30(0.5) 1 [Reference]
Missing 0
Deprivation quintile®
1 8568 (19.9) 83 (1.0) 1 [Reference]
2 7908 (18.3) 94(1.2) 1.23(0.91-1.65)
3 8199 (19.0) 79 (1.0) 1.00(0.73-1.36)
4 8332 (19.3) 85 (1.0) 1.05(0.78-1.43) 1
5 9344 (21.7) 120(1.3) 1.33(1.03-1.76)
Missing 782 (1.8)
Birth weight, centile
1-3 1337 (3.1) 125 (9.4) 22.9(17.7-29.7)
4-10 3078 (7.1) 66 (2.1) 4.9 (3.6-6.6)
11-20 4360 (10.1) 37(0.8) 1.9(1.3-2.8)
21-80 25900 (60.0) 116 (0.4) 1 [Reference]
81-90 4256 (9.9) 20(0.5) 1.0 (0.7-1.69) <001
91-97 2941 (6.8) 14 (0.5) 1.1(0.6-1.9)
98-100 1261 (2.9) 94 (7.4) 17.9(13.6-23.7)
Missing 0
(continued)
jamapediatrics.com JAMA Pediatrics May 2020 Volume 174, Number 5 44

Downloaded From: https://jamanetwor k.com/ on 02/06/2021


http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317

Research Original Investigation

Gestational Age at Birth and Risk of Perinatal Mortality and Special Educational Need Among Twins

Table 1. Baseline Demographics of the Population of 43 133 Twins Born in Scotland

and the Odds of Perinatal Death (continued)

Perinatal Deaths,

Variable No. of Twin Births (%) No. (%) Crude OR (95% CI) P Value

Smoking status at booking
Smoker 5912 (13.7) 68(1.2) 1.54 (1.16-2.05)
Nonsmoker 22416 (52.0) 168 (0.8) 1 [Reference] .003
Missing 14 805 (34.3)

Maternal height, cm
<150 456 (1.2) 9(2.0) 1.87(0.94-3.71)
150-154 2744 (7.4) 38(1.4) 1.30(0.90-1.88)
155-159 6609 (17.9) 84 (1.3) 1.20(0.90-1.58)
160-164 10982 (29.8) 117 (1.1) 1 [Reference] 03 Abbreviation: OR, odds ratio.
165-169 9265 (25.2) 83(0.9) 0.84(0.63-1.11) 2 Area socioeconomic deprivation
170-174 4923 (13.4) 49 (1.0) 0.93(0.67-1.31) quintile of postcode of residence as
>174 1865 (4.3) 13(0.7) 0.65 (0.37-1.16) defined using Carstairs 2001
Missing 6289 (14.6) quintiles, where 1indicates most

affluent and 5, most deprived.?'

Table 2. Perinatal Mortality, Perinatal Morbidity, and PAF for Perinatal Mortality at Each Week of Gestation Compared With Remaining In Utero?

x\;eek No. With Outcome/Total No. in Group (%) OR (95% CI)

Gestation Ongoing Pregnancies Delivered Unadjusted PValue  Adjusted® P Value PAF

Perinatal Mortality

34 387/39359(1.0) 85/3774(2.2) 2.32(1.80t0 3.00) <.001 2.59(1.99t03.39) <.001 0.101 (0.630t00.138)

35 302/34228(0.9) 85/5131 (1.7) 1.89 (1.45t02.44) <.001 2.12(1.63t02.76) <.001 0.103 (0.543 t0 0.149)

36 199/26 172 (0.8) 103/8056 (1.3) 1.69(1.31t02.18) <.001 1.99(1.53t02.59) <.001 0.138 (0.066 to 0.205)

37 122/15247(0.8) 77/10925 (0.7) 0.88 (0.65t0 1.18) .40 1.10(0.81t01.51) .54 -0.0523 (-0.175t0 0.057)

38 49/5115 (1.0) 73/10132(0.7) 0.75(0.52t0 1.09) 13 0.92(0.61t01.38) .52 -0.197 (-0.485 t0 0.035)

39 20/1854 (1.1) 29/3261(0.9) 0.82 (0.45 to 1.49) .52 0.77(0.41t01.45) .41 -0.126 (-0.575 t0 0.195)

Perinatal Morbidity

34 11712/39359(29.8)  3244/3774 (86.0) 14.45 (12.76 to <.001 16.23 (14.23 to <.001 0.142(0.141t00.142)
16.36) 18.45)

35 8525/34 228 (24.9) 3187/5131(62.1)  4.94(4.56t05.36) <.001 5.67(5.21t06.17) <.001 0.163(0.162 t0 0.164)

36 5431/26 172 (20.8) 3094/8056 (38.4) 2.38(2.22t02.55) <.001 2.77 (2.58t02.99) <.001 0.167 (0.165 t0 0.169)

37 2948/15 247 (19.3) 2483/10925 (22.7) 1.23(1.14t01.33) <.001 1.50(1.38t01.63) <.001 0.068 (0.065 to 0.071)

38 1087/6976 (15.6) 1861/8271 (22.5) 0.83(0.75t00.93) .001 1.01(0.90to1.14) .82 -0.099 (-0.107 to -0.908)

39 398/1404 (28.3) 689/2572 (26.8) 0.98(0.82t01.17) .82 1.05(0.87t01.27) .60 -0.010(-0.023 t0 0.002)

442

Abbreviations: OR, odds ratio; PAF, population-attributable fraction.

@ Perinatal morbidity was defined as a composite of an Apgar score less than 7,
assisted ventilation, or admission to the neonatal unit.

b Adjusted for maternal age and height, parity, sex of the infant, birth order, year
of delivery, deprivation category, birth weight centile, and smoking.

destination included 2531 twins. Birth before 37 weeks was not
associated with unemployment (AOR, 0.77; 95% CI, 0.42-
1.43 at 34 weeks compared with birth at 37 weeks). Birth at 39
weeks was associated with an increased risk of unemploy-
ment compared with that for birth at 37 weeks (AOR, 1.75;
95% CI, 1.06-2.87).

Sensitivity Analyses

The results were similar when the logistic regression models
were run without imputation of missing values (eTable 3 in the
Supplement). There was no evidence of interaction of medi-
cally indicated deliveries compared with all twin deliveries
(likelihood ratio test of interaction, P = .75 at 34 weeks; eTable 4
in the Supplement), and the results were similar to those of
the main study when we ran the regression models excluding
medically indicated deliveries for perinatal death and SEN
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(eTables 4 and 5 in the Supplement). The results were again
similar when we ran the logistic regression models excluding
the twin pairs with 1 perinatal death and extreme birth weight
discordance (eTable 6 in the Supplement).

|
Discussion

The findings of this study suggest that birth at 37 completed
weeks of gestation may be associated with optimal short-
and long-term outcomes for twin infants. These data are in
keeping with current clinical guidelines,?® which are
informed by short-term outcomes but show for the first
time, to our knowledge, that such a policy optimizes long-
term outcomes as well. There is clear evidence that birth of
twins before 37 weeks may be associated with an increased
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risk of perinatal mortality and the twin child having a record
of SEN at school. In contrast to singletons, for whom the risk
of SEN continues to decrease across all gestational ages until
41 weeks and then increases again at 42 weeks,'* among
twins SEN is lowest at 37 weeks, with no statistically signifi-
cant increase beyond that week. As stated previously, the
sample size is limited in the later gestational weeks, and
caution should be exercised in drawing firm conclusions
from these findings.

By estimating how often twin pregnancies are compli-
cated by 1 twin death occurring before the week of birth, these
findings indicate that this situation is not a common problem
and unlikely to alter the results of previous studies.

Findings in the Context of Existing Literature
The results of the competing risk analysis were consistent
with findings of other studies.?” However, those studies
lacked information on adjustment for clustering in twins,
and a proportion of the data were from randomized clinical
trials and therefore different from population-based stud-
ies. A randomized clinical trial on the timing of twin birth is
unlikely to be feasible given the large sample size required®;
therefore, population-based studies remain the mainstay of
investigation. Some studies have recommended birth of cer-
tain twin groups from 34 weeks; however, the present study
does not provide any evidence of benefit from such a
policy.®28

To our knowledge, this is the first nationwide study to
investigate long-term educational outcomes of twins across
the range of gestational age categories. Overall, the popula-
tion rate of SEN was higher in twins (13.77%) than has been
previously estimated in singletons (4.90%),'* and this rate
was higher in twins at each week of gestation (eTable 2 in
the Supplement).

Clinical and Research Implications

The findings of this study suggest that, in terms of short- and
long-term outcomes, uncomplicated twin pregnancies should
not be delivered before 37 completed weeks of gestation and
that there is limited benefit of prolonging pregnancy thereaf-
ter. This information should be considered by women expect-
ing twins and their caregivers when making decisions regard-
ing timing of birth.

Several research priorities exist for twins, which require
further investigation. As shown in the present study, pre-
term birth remains an important problem for twin pregnan-
cies (39.2% of deliveries in this study were between 34 and
37 weeks of gestation), and at present there is no evidence
of benefit of any interventions to reduce preterm birth in
twins. Long-term school outcomes in twins according to
birth order would be important to consider given the estab-
lished increased risk of adverse outcomes for second
twins.?®

Strengths and Limitations

This study has a number of strengths. Use of routinely col-
lected population data ensured that every twin meeting the
inclusion criteria was included, thus reducing selection bias.
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Figure 2. Competing Risk Analysis Results
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Both the obstetric and educational data were derived from rou-
tine population data, thus minimizing recall/ascertainment
bias. The present study had several methodological analysis
benefits over previous studies. First, this study accounted for
the clustering in twins by using GEE analyses. Furthermore,
by using adjusted sex- and gestation-specific birth weight cen-
tiles, the known interaction between birth weight and gesta-
tional age was adjusted for.>°-*! Second, by carrying out a sen-
sitivity analysis, the present study also investigated how often
twin deliveries are complicated by 1 fetal death at an earlier
gestational age than recorded.?? The inclusion of educational
outcomes for twins is novel and provides long-term outcome
data that are crucial to consider when planning the timing of
birth.

The study also has limitations owing to the nature of rou-
tinely collected data. Missing covariates are a limitation and
could reduce study power. Multiple imputation was used to
counteract this problem, and the final results were compared
with a complete case note analysis performed as a sensitivity
analysis. Residual confounding is a potential limitation; 2 po-
tential confounders that were unable to be addressed were cho-
rionicity and conception status (conceived by assisted repro-
duction technologies). A sex-discordant analysis was
performed to represent dichorionic pregnancies. Adjustment
for those born using assisted reproduction technologies was
not possible, but recent studies have suggested that there is
no difference in perinatal outcomes between twins con-
ceived naturally and those conceived with the use of assisted
reproduction technologies.>*-** Medical indication for deliv-
eryisnotrecorded in SMR0O2; however, ICD-10 codes for medi-
cal complications in pregnancy were identified to account for
this. The sample size in some of the analyses is a limitation,
especially in the group born after 38 weeks, which likely re-
sults from the policy of planned delivery around 37 to 38 weeks.
The SEN analysis was limited by data linkage, and only sex-
discordant twins could be used, thus reducing the sample size
further; therefore, results of the SEN analysis may apply only
to dichorionic twins.
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Table 3. Association Between Gestational Age at Birth and Special Educational Need, Leaver Status,

and Academic Attainment

Gestational Age at Birth, wk

No. of Outcomes/
Total No. (%)

OR (95% ClI)

Unadjusted

Adjusted?®

Special educational need
34
35
36
37
38
39
240

Leaver status (not employed at 6 mo)

98/682 (14.4)
148/1005 (14.7)
235/1560 (15.1)
263/2301 (11.4)
239/2184 (10.9)
64/538 (11.9)
22/180 (12.2)

1.30(0.97-1.74)
1.34(1.05-1.71)
1.37 (1.10-1.71)
1 [Reference]

0.95 (0.77-1.18)
1.05(0.75-1.47)
1.08 (0.64-1.82)

0.74 (0.41-1.34)
0.66 (0.38-1.15)
0.87 (0.56-1.36)
1 [Reference]

0.69 (0.45-1.04)
1.43 (0.87-2.36)
1.15(0.60-2.21)

1.14 (0.60-2.15)
0.99 (0.59-1.68)
1.51 (0.88-2.58)
1 [Reference]

1.26 (0.79-2.00)
1.06 (0.59-1.90)
1.11(0.44-2.77)

1.35(1.01-1.82)
1.35(1.05-1.74)
1.39(1.11-1.74)
1 [Reference]

1.00 (0.80-1.24)
1.02 (0.73-1.44)
1.16 (0.69-1.96)

0.77 (0.42-1.43)
0.67 (0.38-1.19)
0.91(0.59-1.43)
1 [Reference]

0.77 (0.51-1.18)
1.75 (1.06-2.87)
1.26 (0.65-2.49)

1.07 (0.57-2.02)
0.95 (0.54-1.65)
1.48 (0.85-2.58)
1 [Reference]

1.17 (0.73-1.90)
0.91 (0.50-1.64)
1.07 (0.43-2.70

Abbreviation: OR, odds ratio.

2 Adjusted for maternal age and
height, parity, sex of the infant, birth
order, year of delivery, social class,
birth weight centile, and smoking.
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34 19/219 (8.7)
35 22/259 (7.8)
36 43/385 (10.0)
37 71/553 (11.4)
38 51/579 (8.1)
39 34/185 (15.5)
240 16/108 (12.9)
Poorer academic attainment

34 19/223 (8.5)
35 28/290 (9.7)
36 30/426 (6.6)
37 62/646 (9.6)
38 48/616 (7.8)
39 20/219 (9.1)
240 7/80(8.8)

|

Conclusions

Twins born in Scotland between 1980 and 2015 were ob-
served to have increased rates of perinatal mortality and SEN
at school if delivered before 37 weeks of gestation. After 37

ARTICLE INFORMATION
Accepted for Publication: December 3, 2019.

Published Online: March 9, 2020.
doi:10.1001/jamapediatrics.2019.6317

Open Access: This is an open access article
distributed under the terms of the CC-BY License.
© 2020 Murray S et al. JAMA Pediatrics.

Author Contributions: Dr Murray had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.

Concept and design: Murray, Norman.

Acquisition, analysis, or interpretation of data:
Murray, Mackay, Stock, Pell.

Drafting of the manuscript: Murray, Pell.

Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Murray, Mackay, Pell.

Obtained funding: Murray.

Administrative, technical, or material support:
Murray.

Supervision: Stock, Pell, Norman.

JAMA Pediatrics May 2020 Volume 174, Number 5

Downloaded From: https://jamanetwor k.com/ on 02/06/2021

weeks, the risks of stillbirth and neonatal death may be bal-

anced, and there may be no increased risk of SEN in deliver-
ies beyond 37 weeks. Neonatal morbidity appeared to be low-

Conflict of Interest Disclosures: Dr Stock reported
receiving grants from the Wellcome Trust, Tommy's
Charity, the National Institute for Healthcare
Research Health Technology and Assessment, and
the Chief Scientist Office, Scotland, during the
conduct of the study and nonfinancial support from
Hologic, Parsagen, and Medix Biochemica outside
the submitted work. Dr Norman reported receiving
grants from the Wellcome Trust during the conduct
of the study and grants from the UK government
and Tommy's Charity, institutional funding for
participation in a data and safety monitoring
committee from GlaxoSmithKline, and institutional
funding for serving as a consultant from Dilafor
outside the submitted work. No other disclosures
were reported.

Funding/Support: Dr Murray is supported by
Wellcome Trust PhD studentship 104490/Z/14/Z.

Role of the Funder/Sponsor: The funding
organization had no role in the design and conduct
of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

est at 38 weeks of gestation; therefore, this study’s findings
suggest that the optimal gestational age for birth of uncom-
plicated twin pregnancies is after 37 completed weeks.

Meeting Presentation: This study was presented
at the British Maternal and Fetal Medicine

21st Annual Conference; March 28, 2019;
Edinburgh, Scotland.

REFERENCES

1. Fields E, Chard J, James D, Treasure T; Guideline
Development Group. Fertility (update): summary of
NICE guidance. BMJ. 2013;346(7896):f650.
doi:10.1136/bm;j.f650

2. Visintin C, Mugglestone MA, James D, Kilby MD;
Guideline Development Group. Antenatal care for
twin and triplet pregnancies: summary of NICE
guidance. BMJ. 2011;343(7825):d5714. doi:10.1136/
bmj.d5714

3. Harrison W, Goodman D. Epidemiologic trends in
neonatal intensive care, 2007-2012. JAMA Pediatr.
2015;169(9):855-862. doi:10.1001/jamapediatrics.
2015.1305

4. Jacklin P, Marceniuk G. Twin Pregnancy Costing:
A Comparative Analysis of the Additional Costs to
the NHS of Twin Pregnancy Relative to a Singleton
Pregnancy. Royal College of Obstetricians &
Gynaecologists; 2017.

jamapediatrics.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2019.6317?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317
https://jamanetwork.com/journals/jamapediatrics/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317#SecOpenAccess
https://dx.doi.org/10.1136/bmj.f650
https://dx.doi.org/10.1136/bmj.d5714
https://dx.doi.org/10.1136/bmj.d5714
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2015.1305?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2015.1305?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317

Gestational Age at Birth and Risk of Perinatal Mortality and Special Educational Need Among Twins

5. Heazell AEP, Whitworth MK, Whitcombe J, et al.
Research priorities for stillbirth: process overview
and results from UK Stillbirth Priority Setting
Partnership. Ultrasound Obstet Gynecol. 2015;46
(6):641-647. doi:10.1002/uog.15738

6. Dodd JM, Crowther CA, Haslam RR, Robinson
JS; Twins Timing of Birth Trial Group. Elective birth
at 37 weeks of gestation versus standard care for
women with an uncomplicated twin pregnancy at
term: the twins timing of birth randomised trial.
BJOG. 2012;119(8):964-973. doi:10.1111/j.1471-0528.
2012.03356.x

7. SuzukiS, Otsubo Y, Sawa R, Yoneyama'Y, Araki T.
Clinical trial of induction of labor versus expectant
management in twin pregnancy. Gynecol Obstet
Invest. 2000;49(1):24-27. doi:10.1159/000010207

8. American College of Obstetricians and
Gynecologists; Society for Maternal-Fetal Medicine.
ACOG practice bulletin No. 144: multifetal
gestations: twin, triplet, and higher-order multifetal
pregnancies. Obstet Gynecol. 2014;123(5):1118-1132.
doi:10.1097/01.A0G.0000446856.51061.3e

9. Kahn B, Lumey LH, Zybert PA, et al. Prospective
risk of fetal death in singleton, twin, and triplet
gestations: implications for practice. Obstet Gynecol.
2003;102(4):685-692.

10. Minakami H, Sato I. Reestimating date of
delivery in multifetal pregnancies. JAMA. 1996;275
(18):1432-1434. doi:10.1001/jama.1996.
03530420060037

1. 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(7857):€2838.
doi:10.1136/bmj.e2838

12. 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(4):304-310.
doi:10.1016/j.aj0og.2019.02.046

13. Knight HE, Cromwell DA, Gurol-Urganci l,
Harron K, van der Meulen JH, Smith GCS. Perinatal
mortality associated with induction of labour versus
expectant management in nulliparous women aged
35 years or over: An English national cohort study.
PLoS Med. 2017;14(11):e1002425. doi:10.1371/
journal.pmed.1002425

jamapediatrics.com

Downloaded From: https://jamanetwor k.com/ on 02/06/2021

14. MacKay DF, Smith GCS, Dobbie R, Pell JP.
Gestational age at delivery and special educational
need: retrospective cohort study of 407,503
schoolchildren. PLoS Med. 2010;7(6):e1000289.
doi:10.1371/journal.pmed.1000289

15. National Institute for Care Excellence. NICE
Clinical Guideline 62. Antenatal Care, NICE; 2010.

16. Cole S. Scottish Maternity and Neonatal
Records. Perinatal Audit and Surveillance. Royal
College of Obstetricians & Gynaecologists;
1980:39-51.

17. Wood R, Clark D, King A, Mackay D, Pell J. Novel
cross-sectoral linkage of routine health and
education data at an all-Scotland level: a feasibility
study. Lancet. 2013;382(S3):510-510. doi:10.1016/
S0140-6736(13)62435-6

18. Campbell S, Soothill P. Detection and
management of intrauterine growth retardation:
a British approach. Ultrasound Obstet Gynecol.
1993;2:1432-1435.

19. Department for Education; Department of
Health. Special Educational Needs and Disability
Code of Practice: O to 25 Years. Published January
2015. Accessed February 5, 2020. https://assets.
publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/398815/
SEND_Code_of_Practice_January_2015.pdf

20. Scottish Credit and Qualifications Framework.
Home page. Accessed February 5, 2020. https://
scqf.org.uk

21. Morris R, Carstairs V. Which deprivation? a
comparison of selected deprivation indexes.

J Public Health Med. 1991;13(4):318-326.

22. CuiJ. QIC program and model selection in GEE
analyses. Stata J. 2007;7(2):209. doi:10.1177/
1536867X0700700205

23. The International Classification of Diseases,
10th Edition (ICD-10) changeover is coming.

Optometry. 2010;81(10):551-553. doi:10.1016/j.optm.

2010.07.020

24. Royston P. Multiple imputation of missing
values: further update of ice, with an emphasis on

interval censoring. Stata J. 2007;7(4):445-464. doi:

10.1177/1536867X0800700401
25. Kilby MD. Management of monochorionic twin

pregnancy: Green-Top Guideline No. 51. BJOG. 2017;

124(1):e1-e45. doi:10.1111/1471-0528.14188

Original Investigation Research

26. Brady AR. Adjusted population attributable
fractions from logistic regression. Stata J. 1998;7
(42):8-12. Accessed February 5, 2020. https://www.
stata-press.com/journals/stbcontents/stb42.pdf

27. Cheong-See F, Schuit E, Arroyo-Manzano D,
et al; Global Obstetrics Network (GONet)
Collaboration. Prospective risk of stillbirth and
neonatal complications in twin pregnancies:
systematic review and meta-analysis. BMJ. 2016;
354:i4353. doi:10.1136/bmj.i4353

28. Spong CY, Mercer BM, D'alton M, Kilpatrick S,
Blackwell S, Saade G. Timing of indicated
late-preterm and early-term birth. Obstet Gynecol.
2011;118(2, pt 1):323-333. doi:10.1097/A0G.
0b013e3182255999

29. Smith GC, Pell JP, Dobbie R. Birth order,
gestational age, and risk of delivery related
perinatal death in twins: retrospective cohort study.
BMJ.2002;325(7371):1004. doi:10.1136/bm;j.325.
73711004

30. Eide MG, @yen N, SkjaervenR, Bjerkedal T.
Associations of birth size, gestational age, and adult
size with intellectual performance: evidence from a
cohort of Norwegian men. Pediatr Res. 2007;62(5):
636-642. doi:10.1203/PDR.0b013e31815586e9

31. Stephens BE, Vohr BR. Neurodevelopmental
outcome of the premature infant. Pediatr Clin North
Am. 2009;56(3):631-646. doi:10.1016/j.pcl.2009.
03.005

32. Smith GC. Estimating risks of perinatal death.
Am J Obstet Gynecol. 2005;192(1):17-22.
doi:10.1016/j.ajog.2004.08.014

33. SuzukiS, Miyake H. Perinatal outcomes of
elderly primiparous dichorionic twin pregnancies
conceived by in vitro fertilization compared with
those conceived spontaneously. Arch Gynecol Obstet.
2010;281(1):87-90. doi:10.1007/s00404-
009-1083-3

34. Helmerhorst FM, Perquin DA, Donker D, Keirse
MJ. Perinatal outcome of singletons and twins after
assisted conception: a systematic review of
controlled studies. BMJ. 2004;328(7434):261.
doi:10.1136/bmj.37957.560278.EE

JAMA Pediatrics May 2020 Volume 174, Number 5

445


https://dx.doi.org/10.1002/uog.15738
https://dx.doi.org/10.1111/j.1471-0528.2012.03356.x
https://dx.doi.org/10.1111/j.1471-0528.2012.03356.x
https://dx.doi.org/10.1159/000010207
https://dx.doi.org/10.1097/01.AOG.0000446856.51061.3e
https://www.ncbi.nlm.nih.gov/pubmed/14550996
https://www.ncbi.nlm.nih.gov/pubmed/14550996
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1996.03530420060037?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1996.03530420060037?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317
https://dx.doi.org/10.1136/bmj.e2838
https://dx.doi.org/10.1016/j.ajog.2019.02.046
https://dx.doi.org/10.1371/journal.pmed.1002425
https://dx.doi.org/10.1371/journal.pmed.1002425
https://dx.doi.org/10.1371/journal.pmed.1000289
https://dx.doi.org/10.1016/S0140-6736(13)62435-6
https://dx.doi.org/10.1016/S0140-6736(13)62435-6
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/398815/SEND_Code_of_Practice_January_2015.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/398815/SEND_Code_of_Practice_January_2015.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/398815/SEND_Code_of_Practice_January_2015.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/398815/SEND_Code_of_Practice_January_2015.pdf
https://scqf.org.uk
https://scqf.org.uk
https://www.ncbi.nlm.nih.gov/pubmed/1764290
https://dx.doi.org/10.1177/1536867X0700700205
https://dx.doi.org/10.1177/1536867X0700700205
https://dx.doi.org/10.1016/j.optm.2010.07.020
https://dx.doi.org/10.1016/j.optm.2010.07.020
https://dx.doi.org/10.1177/1536867X0800700401
https://dx.doi.org/10.1111/1471-0528.14188
https://www.stata-press.com/journals/stbcontents/stb42.pdf
https://www.stata-press.com/journals/stbcontents/stb42.pdf
https://dx.doi.org/10.1136/bmj.i4353
https://dx.doi.org/10.1097/AOG.0b013e3182255999
https://dx.doi.org/10.1097/AOG.0b013e3182255999
https://dx.doi.org/10.1136/bmj.325.7371.1004
https://dx.doi.org/10.1136/bmj.325.7371.1004
https://dx.doi.org/10.1203/PDR.0b013e31815586e9
https://dx.doi.org/10.1016/j.pcl.2009.03.005
https://dx.doi.org/10.1016/j.pcl.2009.03.005
https://dx.doi.org/10.1016/j.ajog.2004.08.014
https://dx.doi.org/10.1007/s00404-009-1083-3
https://dx.doi.org/10.1007/s00404-009-1083-3
https://dx.doi.org/10.1136/bmj.37957.560278.EE
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2019.6317

