BM) Paediatrics Open

BMJ Paediatrics Open is committed to open peer review. As part of this commitment we make the peer
review history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Paediatrics Open is an open access journal and the full, final, typeset and author-corrected version
of record of the manuscript is available on our site with no access controls, subscription charges or pay-
per-view fees (http://bmijpaedsopen.bmj.com).

If you have any questions on BMJ Paediatrics Open’s open peer review process please email
info.bmjpo@bmj.com

yBuAdoo Aq paroalold 1senb Aq £20z ‘6 Iudy uo /wod'lwg uadospaediway/:dny woly papeojumod ‘€20z Arenuer £2 Uo $5/T00-2202-0dlwa/9eTT 0T se paysignd isiy :odfug


http://bmjpaedsopen.bmj.com/
mailto:info.bmjpo@bmj.com
http://bmjpaedsopen.bmj.com/

BMJ Paediatrics Open

BMJ Paediatrics Open

Effects of antenatal corticosteroids on neonatal outcomes in
very-low-birth-weight infants are not different by plurality:

a nationwide cohort study

Journal:

BMJ Paediatrics Open

Manuscript ID

bmjpo-2022-001754

Article Type:

Original research

Date Submitted by the
Author:

06-Nov-2022

Complete List of Authors:

Bae, Seong Phil; Soon Chun Hyang University Hospital, Pediatrics;
Soonchunhyang University School of Medicine, Department of Pediatrics
Hahn, Won-Ho; Soonchunhyang University Seoul Hospital, Department
of Pediatrics; Soonchunhyang University School of Medicine, Department
of Pediatrics

Park, Suyeon; Soonchunhyang University Seoul Hospital, Department of
Biostatistics; Chung-Ang University, Department of Applied Statistics
Jung, Young Hwa; Seoul National University Children's Hospital,
Department of Paediatrics; Seoul National University College of Medicine,
Department of Pediatrics

Park, Jee Yoon; Seoul National University Bundang Hospital, Department
of Obstetrics and Gynecology

Oh, Kyung Joon; Seoul National University Bundang Hospital,
Department of Obstetrics and Gynecology

Choi, Chang Won; Seoul National University Bundang Hospital,
Department of Pediatrics; Seoul National University College of Medicine,
Department of Pediatrics

Keywords:

Mortality, Twins, Neonatology

ONE™

https://mc.manuscriptcentral.com/bmjpo

yBuAdoo Aq paroalold 1senb Aq 20z ‘6 Iudy uo /wod' g uadospaediway/:dny wody papeojumod ‘€20z Arenuer £2 Uo $5/T00-2202-0dlwa/9eTT 0T se paysignd 1siy :odfug


http://bmjpaedsopen.bmj.com/

Page 1 of 83

oNOYTULT D WN =

BMJ Paediatrics Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

https://mc.manuscriptcentral.com/bmjpo

T


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjpaedsopen.bmj.com/

oNOYTULT D WN =

BMJ Paediatrics Open

Title page

Original article

Effects of antenatal corticosteroids on neonatal outcomes in very-low-birth-weight infants

are not different by plurality: a nationwide cohort study

Seong Phil Bae!?, M.D., Won-Ho Hahn'2, M.D., Ph.D., Suyeon Park*#, MS., Young Hwa
Jung>%, M.D., Ph.D., Jee Yoon Park’, M.D., Kyung Joon Oh’, M.D., Ph.D., Chang Won Choi>9,

M.D., Ph.D.

'Department of Pediatrics, Soonchunhyang University Seoul Hospital, Seoul, Republic of Korea

“Department of Pediatrics, Soonchunhyang University School of Medicine, Asan, Republic of

Korea

3Department of Biostatistics, Soonchunhyang University Seoul Hospital, Seoul, Republic of

Korea

“Department of Applied Statistics, Chung-Ang University, Seoul, Republic of Korea

*Department of Pediatrics, Seoul National University Bundang Hospital, Seongnam, Republic of

Korea

https://mc.manuscriptcentral.com/bmjpo

Page 2 of 83

yBuAdoo Aq paroalold 1senb Aq £20z ‘6 Iudy uo /wod'lwg uadospaediway/:dny woly papeojumod ‘€20z Arenuer £2 Uo $5/T00-2202-0dlwa/9eTT 0T se paysignd isiy :odfug


http://bmjpaedsopen.bmj.com/

Page 3 of 83

oNOYTULT D WN =

BMJ Paediatrics Open

®Department of Pediatrics, Seoul National University College of Medicine, Seoul, Republic of

Korea

"Department of Obstetrics and Gynecology, Seoul National University Bundang Hospital,

Seongnam, Republic of Korea

Correspondence to

Chang Won Choi, M.D., Ph.D.

Department of Pediatrics, Seoul National University Bundang Hospital, 82 Gumi-ro 173 Beon-

gil, Bundang-gu, Seongnam-si, Gyeonggi-do, Republic of Korea, E-mail: choicw(@snu.ac.kr

Word count: 2356

https://mc.manuscriptcentral.com/bmjpo

yBuAdoo Aq paroalold 1senb Aq £20z ‘6 Iudy uo /wod'lwg uadospaediway/:dny woly papeojumod ‘€20z Arenuer £2 Uo $5/T00-2202-0dlwa/9eTT 0T se paysignd isiy :odfug


mailto:choicw@snu.ac.kr
http://bmjpaedsopen.bmj.com/

oNOYTULT D WN =

BMJ Paediatrics Open

ABSTRACT
Objective

To investigate whether effects of antenatal corticosteroids on neonatal outcomes in preterm

infants with very-low-birth-weight were different by plurality.
Design

Nationwide prospective cohort study

Setting

Not applicable

Patients

Twins and singletons with very-low-birth-weight (< 1,500 g) who were born between 23 and
33%6 weeks of gestation and registered in the Korean Neonatal Network from January 2014 to

December 2019

Main outcome measures

Morbidity and mortality before discharge from neonatal intensive care unit
Results

Among a total of 9,531 preterm infants with very-low-birth-weight, there were 2,364 (24.8%)

twins and 7,167 (75.2%) singletons. While 83.9% of singletons were exposed to at least one dose

of antenatal corticosteroids, so were 87.9% of twins.
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Interaction analysis demonstrated that there was no significant difference in the effect of
antenatal corticosteroids on morbidities or mortality between twins and singletons in either

gestational age group (23 to 28 weeks or 29 to 33 weeks).

Antenatal corticosteroids significantly decreased the risk of surfactant use, high-grade
intraventricular hemorrhage, periventricular leukomalacia, and mortality in the gestational age
group of 23 to 28 weeks. In the gestational age group of 29 to 33 weeks, antenatal corticosteroids

significantly decreased the risk of surfactant use and mortality but increased the risk of sepsis.

Conclusion

This study demonstrates that effect of antenatal corticosteroids on neonatal outcomes of preterm

infants with very-low-birth-weight does not differ significantly by plurality (twin or singleton

pregnancy).

Keywords: antenatal corticosteroids, preterm delivery, mortality, morbidity, twins, very low

birth weight infant

Key messages

Why is already known on this topic?
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Antenatal corticosteroids (ACS) administered before preterm delivery can decrease neonatal
morbidity and mortality in singleton pregnancies. However, data about such effects of ACS in

multiple pregnancies are still limited.

What this study adds?

The effect of antenatal corticosteroids administered before preterm delivery on neonatal

morbidity and mortality does not differ by plurality (twin or singleton pregnancy).
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Introduction

Antenatal corticosteroid (ACS) has been established as the standard therapy for pregnant
women at risk of preterm delivery within 7 days between 2470 and 33*¢ weeks of gestation.!
Currently, ACS is equally recommended for twin and singleton pregnancies with the same
regimen based on previous studies.>* A recent study has shown that a complete course of ACS
administered before preterm twin delivery is associated with a significant decrease in neonatal
mortality, short-term respiratory morbidity, and severe neurological injury in a magnitude similar
to those observed for a singleton pregnancy.? However, data that demonstrate comparable effects

of ACS therapy in twin pregnancies are limited.

As a result of increasing childbirth age and use of assisted reproductive technology, twin
pregnancies are increasing in many countries, including Korea.’ ® However, twin pregnancies are
more likely to have preterm birth, low birth weight, and longer hospital stays than singleton
pregnancies.’ 3 In addition, mono-chorionicity, birth weight discordance, and obstetric

complications associated with multiple pregnancies may result in adverse perinatal outcomes.”!!

Recently, the mortality of extreme preterm multiples has decreased to a level comparable to
that of singletons born at the same gestational age along with increased use of ACS therapy.!?
However, many studies have reported conflicting results regarding equivalent effects of ACS on
neonatal outcomes of twins and singletons.? 13-18 To date, there have been no clinical trials
designed to investigate the effect of ACS in twins. A meta-analysis on ACS therapy has also

highlighted the need for additional studies on multiple pregnancies.*
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Thus, the purpose of this study was to investigate whether effects of ACS administered before

preterm delivery on neonatal outcomes of twins and singletons were comparable.

Materials and Methods

Study design and participants

Information on the study population is presented in Figure 1. Data collected prospectively
through the Korean Neonatal Network (KNN), a nationwide very low birth weight (VLBW,
<1,500 g) infant registry participated by 61 neonatal intensive care units across South Korea,!”
were used for this study. A total of 11,121 infants with VLBW born preterm (between 23 and
33%6 weeks of gestation) between January 2014 and December 2019 were enrolled. Exclusion
criteria were: high-order multiple gestations (> triplets), birth outside the hospital, major
congenital anomalies, transfer to other hospitals, no or unreliable information on ACS. Finally,
2,364 twins and 7,167 singletons were analyzed. ACS therapy was defined if the pregnant
women had received at least one dose of any kind of corticosteroids before preterm delivery.
Variables collected included gestational age, birth weight, small for gestational age (SGA), sex,
maternal age, maternal diabetes mellitus (DM), maternal hypertension, chorioamnionitis,
premature rupture of membrane, cesarean section, in vitro fertilization (IVF), surfactant use,
sepsis, high-grade intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL),
surgically treated patent ductus arteriosus (PDA), bronchopulmonary dysplasia (BPD), advanced

retinopathy of prematurity (ROP), and mortality. Definitions for different variables are provided

https://mc.manuscriptcentral.com/bmjpo
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in Supplemental Materials. The analysis of neonatal morbidity was performed for infants who

survived before discharge, while the analysis of mortality was performed for the total population.

Statistical methods

Rates of neonatal outcomes between infants exposed to ACS and infants without such exposure
are presented along with risk difference and 95% Cls. To investigate whether associations
between ACS and neonatal outcomes were altered by plurality (twins versus singletons), the
interaction effect between ACS and twin pregnancies on neonatal outcomes was evaluated by
adding interaction terms (ACS X twins) in Poisson regression models that included potential
confounders, such as gestational age, birth weight, sex, maternal age, maternal diabetes mellitus,
maternal hypertension, premature rupture of membrane, cesarean section, and in vitro
fertilization. Missing values for chorioamnionitis were substantial (17.6% in twins and 14.5% in
singletons). They were excluded from the analyses. In the second model excluding the
interaction term to investigate the individual effect of ACS and twins, crude and adjusted relative
risk (RR) and 95% CI were calculated by Poisson regression analyses with selection of variables
that showed minimal QIC (Quasi-likelihood under the Independence model Criterion) for each
outcome. These models were fitted with generalized estimation equations (GEE) approach for
the correlation between a pair of twins from a mother. The level of significance was set at p <
0.05. All statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY,
USA) and R package version 3.3.1 (The R Foundation for Statistical Computing, Vienna,

Austria).
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Ethic approval

Registration of data in the KNN was approved by the Institutional Review Board (IRB) of each
participating center. Informed consent was obtained from parents of each infant prior to
participation in the KNN registry. This study was approved by the IRB of Seoul National

University Bundang Hospital (approval number: B-1305-202-005).

Results

Exposure to antenatal corticosteroids

Among 2,364 twins, 2,078 (87.9%) infants were exposed to at least one dose of ACS before
preterm delivery. Among 7,167 singletons, 6,013 (83.9%) infants were exposed to at least one

dose of ACS before preterm delivery (Figure 1).

Comparisons of perinatal baseline characteristics between infants exposed to antenatal

corticosteroids and infants without ACS exposure

Twins exposed to ACS were born at a significantly later gestational age compared to those
without ACS exposure (Table 1). However, there was no significant difference in gestational age
or birth weight between singletons exposed to ACS and those without ACS exposure. Singletons
exposed to ACS had significantly higher rates of maternal DM, maternal hypertension, and

cesarean section than those without exposure. In both twins and singletons, infants exposed to

https://mc.manuscriptcentral.com/bmjpo
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1

2 ~

3 Table 1. Comparisons of perinatal baseline characteristics between infants exposed to ACS and infants withoBt ACS exposure

4 Twins Singletons 8

5 (n=2,364) n=7167) N

6 ACS-exposed ACS-unexposed P value ACS-exposed ACS-unexposed P value

7 (n=2,078) (n = 286) (n=6,013) (n=1,154) 3

8 Infant 3

9 Gestational age (weeks), 28.08 (2.19) 27.75 (2.50) 0.034 28.49 (2.52) 2839 2.78)5 0.256

10 mean (SD) N

11 Birth weight (g), mean 1,059 (274) 1,034 (301) 0.186 1,060 (281) 1,073 (289) 0.138
(SD) 2

}i SGA, n (%) 147 (7.1) 22 (7.7) 0.704 1080 (18.0) 199 (17.2) § 0.560

14 Male, n (%) 1079 (51.9) 143 (50.0) 0.541 3074 (51.1) 597 (51.7)8 0.708

15 Maternal e

16 ?g?)t;:mal age (years), mean  33.41 (3.80) 31.91 (4.66) <0.001 33.44 (4.43) 32.82 (4.92§ <0.001

1; M(a(l;e)rnal diabetes mellitus, 238 (11.5) 26 (9.1) 0.221 597 (9.9) 89(7.7) 0.019
n (7 =

;g ?Aatemal hypertension, n 196 (9.5) 22 (7.7) 0.329 1749 (29.1) 286 (24.8)5 0.003

% o]

21 Chz)rioamnionitisa, n (%) 516 (29.9) 63 (28.0) 0.551 2084 (40.2) 351 37.0) & 0.064

22 Premature rupture of 787 (38.1) 84 (29.9) 0.007 2334 (38.9) 312 (27.5)§ <0.001

23 membrane, n (%) e

24 Cesarean section, n (%) 1837 (88.4) 244 (85.3) 0.132 4634 (77.1) 807 (69.9) & <0.001

25 In vitro fertilization, n (%) 1152 (56.6) 128 (45.1) <0.001 494 (8.2) 51(4.4) = <0.001

26 Data are presented as mean (SD) or n (%). S

;; Abbreviations: ACS, antenatal corticosteroids; SGA, small for gestational age; [VH, intraventricular hemor@age; PDA,

29 patent ductus arteriosus; ROP, retinopathy of prematurity. 2z

30 aValues were missing for 415 infants in the group of twins and 1039 infants in the group of singletons. %

31 B

32 1 X

33 g

34 Q

35 3

36 -

37 %

38 %

39 =1

40 10 g

41 g

42 =

43 S

44 '
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ACS were more likely to have higher rates of premature rupture of membrane and be conceived

through IVF from older mothers than those without exposure.

Interaction between ACS and twins pregnancies on neonatal outcomes

We investigated whether effects of ACS on neonatal outcomes differed between twins and
singletons. Because neonatal outcomes are substantially dependent on gestational age,
comparison of ACS effects on neonatal outcomes by plurality was performed by stratifying the
study population into two gestation age groups: an age group of 23 to 28 weeks and an age group

of 29 to 33 weeks group.

Among infants in the age group of 23 to 28 weeks, exposure to ACS for twins was significantly
associated with a lower rate of mortality, but not with morbidity. However, exposure to ACS for
singletons was significantly associated with a lower mortality and a lower morbidity including
surfactant use, high-grade IVH, and PVL (Table 2). Among infants in the age group of 29 to 33
weeks, exposure to ACS for twins was significantly associated with lower rates of mortality and
surfactant use (Table 3). Exposure to ACS for singletons was significantly associated with a
lower rate of mortality, but a higher rate of sepsis. In interaction analyses, there was no
significant difference in the association of ACS therapy with any neonatal outcomes between

twins and singletons in either gestational age group.

11
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1
2 ~
3 Table 2. Comparisons of neonatal outcomes between infants exposed to ACS and infants without ACS exposlire in infants born
: at 23 to 28 weeks of gestational age %
6 Infants who survived before ACS-exposed ACS-unexposed . . 2 P value for
7 discharge (n = 4160) (n=36]z)6) (n=55£) Risk difference, % (95 CI) P valuet g interaction®
8 Surfactant use, n (%) S
9 Total 3468/3606 (96.2%) 546/554 (98.6%) -2.4(-3.6 t0 -1.2) 0.005 XN
10 Twin 952/991 (96.1%) 108/109 (99.1%) -3.0(-5.2t0 -0.9) 0.110 & 0.199
11 Singleton 2516/2615 (96.2%) 438/445 (98.4%) -2.2 (-3.6 t0 -0.8) 0.018 o ’
12 Sepsis, n (%) 2
13 Total 985/3606 (27.3%) 166/554 (30.0%) -2.7(-6.7t0 1.4) 0.195 o
14 By numbers of fetus §
15 Twin 273/991 (27.5%) 32/109 (29.4%) -1.8 (-10.8 to 7.2) 0.689 ; 0.706
16 Singleton 712/2615 (27.2%) 134/445 (30.1%) -2.9(-7.5t0 1.7) 0.209 S '
17 High-grade IVH, n (%) =
18 Total 313/3606 (8.7%) 79/554 (14.3%) -5.6 (-8.6 to -2.5) <0.001 ©
19 By numbers of fetus >
20 Twin 115/991 (11.6%) 15/109 (13.8%) -2.2(-8.9t0 4.6) 0.508 %- 0.224
21 Singleton 198/2615 (7.6%) 64/445 (14.4%) -6.8 (-10.2 to -3.4) <0.001 3 ’
22 Periventricular §
23 leukomalacia, n (%) B
24 Total 327/3606 (9.1%) 74/554 (13.4%) -43(-7.3t0-1.3) 0.001 Z
25 By numbers of fetus 3
26 Twin 86/991 (8.7%) 14/109 (12.8%) -4.2 (-10.7 to 2.4) 0.151 g 0.749
27 Singleton 241/2615 (9.2%) 60/445 (13.5%) -4.3 (-7.6 t0 -0.9) 0.005 3 '
28 Surgically treated PDA, n S
2 (%) >
30 Total 616/3606 (17.1%) 99/554 (17.9%) -0.8 (-4.2 t0 2.6) 0.647 %
31 By numbers of fetus o
32 Twin 175/991 (17.7%) 23/109 (21.1%) -3.4 (-11.5 to0 4.6) 0375 Q 0.400
33 Singleton 441/2615 (16.9%) 76/445 (17.1%) -0.2 (-4.0 t0 3.6) 0911 g_ ’
34 Necrotizing enterocolitis, Z
o, c
35 n (%) 2
36 Total 268/3606 (7.4%) 36/554 (6.5%) 0.9 (-1.3t03.2) 0432 =~
37 By numbers of fetus 6-?
38 Twin 72/991 (7.3%) 8/109 (7.3%) -0.07 (-5.2 to 5.1) 0.978 o) 0.479
39 Singleton 196/2615 (7.5%) 28/445 (6.3%) 1.2 (-1.3t0 3.7) 0.368 g ’
40 12 ‘<:
4 3
42 =
43 %
44 '
45 https://mc.manuscriptcentral.com/bmjpo
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Singleton

716/3331 (21.5%)

201/646 (31.1%)

9.6 (-13.5 to -5.8)

<0.001

Data are presented as n (%).

o
3
3
)
o
N
N
)
o
[y
\‘
Bronchopulmonary g
dysplasia, n (%) S
Total 1664/3606 (46.1%) 269/554 (48.6%) 2.4 (-6.91t02.1) 0.290 N
By numbers of fetus S
Twin 437/991 (44.1%) 51/109 (46.8%) -2.7(-12.6 t0 7.2) 0.591 2 0.986
Singleton 1227/2615 (46.9%) 218/445 (49.0%) -2.1(-7.1t03.0) 0.419 §<’3 )
Advanced ROP, n (%) N
Total 769/3602 (21.3%) 113/554 (20.4%) 1.0 (2.7 t0 4.6) 0.610 N
By numbers of fetus O
Twin 232/990 (23.4%) 31/109 (28.4%) -5.0(-13.9t0 3.9) 0.245 2 0.158
Singleton 537/2612 (20.6%) 82/445 (18.4%) 2.1(-1.8t06.1) 0301 = )
. ACS No ACS . . o 2 P value fi
All infants (n = 5407) (n=4587) (n0=820) Risk difference, %(95 CI) P value E in t\fl:?atiio?lr*
Mortality, n (%) 3
Total 981/4587 (21.4%) 266/820 (32.4%) -11.1 (-14.5 to -7.6) <0.001 3
By numbers of fetus _g
Twin 265/1256 (21.1%) 65/174 (37.4%) -16.3 (-23.8 to -8.7) <0.001 S 0.458
g .
e}
QD
(9]
&

aTests for risk difference within each subgroup.

b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values foﬁlnteractlon were
obtained from multivariable Poisson regression models adjusted for gestational age, birthweight, sex, matersal age, maternal
diabetes mellitus, maternal hypertension, premature rupture of membrane, cesarean section, and in vitro fe
generalized estimation equations.
Abbreviations: ACS, antenatal corticosteroid; SGA, small for gestational age; IVH, intraventricular hemorrlgige PDA, patent
ductus arteriosus; ROP, retinopathy of prematurity.

Table 3. Comparisons of neonatal outcomes between infants exposed to ACS and infants without ACS expo

at 29 to 33 weeks of gestational age

ization using the
O

re in infants born

Infants who survived before

discharge (n = 4,019)

ACS-exposed
(n=3428)

ACS-unexposed
(n=591)

Risk difference, % (95 CI)

P-value?

P-value for
interaction®
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Surfactant use, n (%)
Total
By numbers of fetus
Twin
Singleton
Sepsis, n (%)
Total
By numbers of fetus
Twin
Singleton
High-grade IVH, n (%)
Total
By numbers of fetus
Twin
Singleton
Periventricular
leukomalacia, n (%)
Total
By numbers of fetus
Twin
Singleton
Surgically treated PDA, n
(%)
Total
By numbers of fetus
Twin
Singleton
Necrotizing enterocolitis,
n (%)
Total
By numbers of fetus
Twin
Singleton
Bronchopulmonary
dysplasia, n (%)
Total
By numbers of fetus

2240/3428 (65.3%)

583/801 (72.8)

1657/2627 (63.1)

376/3428 (11.0)

90/801 (11.2)
286/2627 (10.9)

53/3426 (1.5)
10/801 (1.2)
43/2625 (1.6)
179/3427 (5.2)
71/801 (8.9)
108/2626 (4.1)
95/3428 (2.8)
19/801 (2.4)
76/2627 (2.9)
85/3427 (2.5)
21/801 (2.6)

64/2626 (2.4)

524/3423 (15.3)

BMJ Paediatrics Open

402/591 (68.0%)

86/104 (82.7)
316/487 (64.9)

41/591 (6.9)

8/104 (7.7)
33/487 (6.8)

14/591 (2.4)
2/104 (1.9)
12/487 (2.5)
30/591 (5.1)
6/104 (5.8)
24/487 (4.9)
18/591 (3.0)
4/104 (3.8)
14/487 (2.9)
11/591 (1.9)

4/104 (3.8)
7/487 (1.4)

93/591 (15.7)

14

2.7 (-6.8 to 1.4)

9.9 (-17.8 to -2.0)

1.8 (-6.4 t0 2.8)
4.0 (1.7 t0 6.3)

3.5(-2.0t09.1)
4.1 (1.6 t0 6.6)

-0.8 (-2.1 t0 0.5)
0.7 (-3.4 t0 2.1)
-0.8 (-2.3 t0 0.6)
0.2 (-1.8t02.1)
3.1 (-1.8 t0 8.0)
0.8 (-2.9 to 1.3)
0.3 (-1.8 to 1.2)
1.5 (-5.3 t0 2.4)
0.02 (-1.6 to 1.6)
0.6 (-0.6 to 1.8)
1.2 (-5.1 t0 2.6)

1(-0.2t02.2)

-0.4 (-3.6 t0 2.8)

https://mc.manuscriptcentral.com/bmjpo

0.206

0.030
0.446

0.003

0.274
0.006

0.150

0.572

0.204

0.882

0.287

0.412

0.709

0.369

0.982

0.363

0.474

0.175

0.790
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0.955

0.492
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Twin 114/797 (14.3) 16/104 (15.4) -1.1 (-8.4 t0 6.3) 0.768 0.834
Singleton 410/2626 (15.6) 77/487 (15.8) -0.2 (-3.7t0 3.3) 0912 ’
Advanced ROP, n (%)
Total 45/3426 (1.3) 10/591 (1.7) -0.4 (-1.5t0 0.7) 0.465
By numbers of fetus
Twin 13/800 (1.6) 3/104 (2.9) -1.3(-4.6 t0 2.1) 0.359 0.202
Singleton 32/2626 (1.2) 7/487 (1.4) -0.2 (-1.4t0 0.9) 0.690 )
All infants (n = 4,124) (nff;) " I(‘L":‘QZCO? Risk difference, %(95 CI) P value 51 tvej;‘éfli‘r’f*
Mortality, n (%)
Total 76/3504 (2.2) 29/620 (4.7) -2.5(-4.2t0 -0.8) <0.001
By numbers of fetus
Twin 21/822 (2.6) 8/112 (7.1) -4.6 (-9.5t00.3) 0.009 0.722

Singleton

55/2682 (2.1)

21/508 (4.1)

2.1 (-3.9 to-..6 -0.3)

0.005

Data are presented as n (%).
aTests for risk difference within each subgroup.

(/:dny wpiy papeojumoq “gzpz Arenuer £z uo +52100-zz0z-odlwg/

b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values fogmteractlon were
obtained from multivariable Poisson regression models adjusted for gestational age, birthweight, sex, matergal age, maternal

diabetes mellitus, maternal hypertension, premature rupture of membrane, cesarean section, and in vitro fert%llzatlon using the
generalized estimation equations.
Abbreviations: ACS, antenatal corticosteroid; SGA, small for gestational age; IVH, intraventricular hemorrl?age PDA, patent

ductus arteriosus; ROP, retinopathy of prematurity.

15

https://mc.manuscriptcentral.com/bmjpo

"1ybuAdoo Ag paroairoid 1senb Ag 120z ‘6 1idy uo jwod [wgE


http://bmjpaedsopen.bmj.com/

Page 17 of 83

oNOYTULT D WN =

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

BMJ Paediatrics Open

Independent effects of ACS and twins on neonatal outcomes

In the second model excluding the interaction term, we calculated adjusted RR and 95% CI for
individual effects of ACS and twins on each neonatal outcome. In the age group of 23 to 28
weeks, exposure to ACS was significantly associated with a lower risk of surfactant use
(adjusted RR (aRR): 0.972 [95% CI: 0.961 — 0.984]), high-grade intraventricular hemorrhage
(aRR: 0.621 [95% CI: 0.487 — 0.794]), periventricular leukomalacia (aRR: 0.728 [95% CI: 0.556
— 0.954]), and mortality (aRR: 0.758 [95% CI: 0.679 — 0.846]) (Figure 2A). Twin were
associated with higher risks of high-grade IVH (aRR: 1.466 [95% CI: 1.178 — 1.825]) and

advanced ROP (aRR: 1.193 [95% CI: 1.069 — 1.331]) than singletons.

In the age group of 29 to 33 weeks, exposure to ACS was significantly associated with lower
risks of surfactant use (aRR: 0.914 [95% CI: 0.861 — 0.970]) and mortality (aRR: 0.409 [95% CI:
0.269 — 0.624]), but a higher risk of sepsis (aRR: 1.416 [95% CI: 1.018 — 1.969]) (Figure 2B).
Twins showed a lower risk of BPD (aRR: 0.798 [95% CI: 0.648 — 0.982]), but a higher risk of

PVL (aRR: 1.735 [95% CI: 1.256 — 2.396]) than singletons.

Discussion

In this nationwide cohort study, we demonstrated that effects of ACS therapy administered
before preterm birth on neonatal outcomes were not significantly different by plurality. Mortality
and surfactant use were reduced by ACS exposure in both gestational age groups. ACS exposure
was associated with decreased risks of high-grade IVH and PVL in infants born at 23 to 28

16
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weeks of gestational age, but increased the risk of sepsis in infants born at 29 to 33 weeks of

gestational age.

ACS therapy for mothers at risk of impending preterm delivery is the most effective evidence-
based strategy to reduce the mortality and morbidity of their preterm offspring. However,
previous studies that investigated the association between ACS therapy and neonatal outcomes in

twin pregnancies not only reported conflicting results, but also lacked quantity.

A recent meta-analysis has reported that ACS therapy is associated with decreased neonatal
death, RDS, and intraventricular hemorrhage in singleton pregnancies, but not in multiple
pregnancies.* Furthermore, a randomized controlled trial on 311 twin infants who were delivered
before 34 weeks of gestation age showed that ACS therapy had no association with RDS or
composite neonatal morbidity.?° However, large population-based cohort studies from the mid-
2000s reported positive ACS effects in multiple pregnancies.?!->3 A study of 750 twin infants
from France has reported that a complete course of ACS therapy administered within 7 days
before birth is associated with decreased rates of brain injury and mortality.?! Another study of
8,274 multiples from Italian Neonatal Network reported that ACS therapy reduced the risk of
severe IVH and mortality, although it was less effective in multiple pregnancies than in singleton
pregnancies.?? A study of 2,516 twin infants from Canadian Neonatal Network has reported that
twins can benefit from a complete course of ACS therapy as good as singletons in short-term
respiratory morbidity, severe brain injury, and mortality.?* Consistent with results of these large
cohort studies, our study using the latest data from KNN revealed that the effectiveness of ACS

therapy in twins was comparable to that of singletons. Moreover, its benefits on mortality and
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morbidity were shown to be different by gestational groups.

Additionally, we found that twins had a higher rate of morbidity than singletons in this study.
Twins were associated with higher risks of high-grade IVH and advanced ROP in infants born at
23 to 28 weeks of GA and PVL in infants born at 29 to 33 weeks of GA than singletons.
Although twins are more likely to be delivered preterm than singletons, whether twin pregnancy
alone has such adverse effects on neonatal outcomes in preterm infants remains unknown.?* In a
large study of infants born between 23 and 35 weeks of gestation, twins and singletons had
comparable average birth weights up to 32 weeks of gestation and similar neonatal outcomes.?’
One study from Australian and New Zealand Neonatal Network has found higher mortality, but
not morbidities, in twins than in singletons.'> Furthermore, two national cohort studies have
reported comparable risks for neonatal outcomes except for RDS between twins and singletons.?
27 However, a population-based European cohort study showed that twins had higher risk for
mortality and high-grade IVH in infants born at 24 to 27 weeks of GA.!* Other studies have
revealed disparities in the rate of morbidity such as BPD and ROP between twins and

singletons.? 28

Possible reasons for conflicting findings in twins include study design and changes in population
characteristics over time.?? We found that twins had lower rates of antenatal complications such
as maternal hypertension and chorioamnionitis, and higher rates of obstetric interventions,
including IVF, ACS, and cesarean section than singletons in both gestational age groups
(Supplemental Table 1). This trend has also been observed across other recent studies.'? 3% The

higher rate of IVF in twins reflect the current trend of childbirth in Korea.> The reason for higher
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ACS exposure in twins is currently unclear. However, more medical attention for twin
pregnancies might be one possible cause.?! One noteworthy result was that the cesarean section
rate for twins born between 23 and 28 weeks of GA was 87.2%, which was higher in Korea than
in other countries. For similar gestational age, the cesarean section rate for twins was 74.4% in

the USA and 61.8% in Australia and New Zealand.!? 15

Despite the fact that these difference in characteristics between twins and singletons are observed
in other studies, an increase in the proportion of the population exposed to ACS along with
variation in practice of neonatal care in each country might have complexly contributed to the
interaction between ACS and plurality as well as the inherent risk of a twin pregancy.3? Although
we adjusted potential confounders which were different between twins and singletons in the
analyses, different population characteristics between twins and singletons and/or between

studies should be considered when interpreting our results.

Our study has several limitations. Firstly, the KNN registry had no information about
chorionicity in multiple pregnancies. Thus, we were unable to investigate the difference in the
effect of ACS therapy on neonatal outcomes according to chorionicity in twins. Secondly,
although we used prospective cohort data of preterm infants with VLBW for this study, antenatal
information including ACS administration was collected retrospectively because preterm infants
were enrolled after they were born. Therefore, it was unknown why ACS was not or
incompletely administered in infants who did not receive a complete course of ACS therapy.
Notably, the percentage of singletons without exposure to ACS was higher in this study than in

other studies.?? 3* Moreover, information on the total amount of ACS administered was not
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available in the KNN registry database. Information on total amount of ACS administered will
enable a more quantitative analysis of effects of ACS therapy on neonatal outcomes. Lastly, in
our cohort, 56.6% of twins were conceived via IVF whereas only 7.1% of singletons were
conceived via IVF. Although preterm infants conceived via IVF are known to have comparable
morbidity and mortality with their peers conceived via natural pregnancy?, higher proportion of

IVF cases among twins should be taken into account when interpreting our results.

Conclusion

Despite differences in demographic and clinical characteristics according to plurality, ACS
therapy administered before birth had comparable positive effects on neonatal outcomes of

preterm infants with VLBW regardless of plurality.
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Figure Legends

Figure 1. Flow chart showing the selection of study population.

ACS, antenatal corticosteroid; VLBW, very low birth weight.

Figure 2. Forest plot showing results of logistic regression for effects of antenatal corticosteroids

and twins on neonatal outcomes.

(A) 23 to 28 weeks of gestataional age. (B) 29 to 33 weeks of gestational age.

For each neonatal outcome, solid dots represent the aOR and lateral lines represent the 95% CI.
aAdjusted relative risk (RR) and 95% CI were obtained from Poisson regression models adjusted
for gestational age, birthweight, sex, maternal age, maternal diabetes mellitus, maternal
hypertension, premature rupture of membrane, cesarean section, and in vitro fertilization using

generalized estimation equations..

Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; IVH, intraventricular

hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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25 Figure 1. Flow chart showing the selection of study population.
26 ACS, antenatal corticosteroid; VLBW, very low birth weight.
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Figure 2. Forest plot showing results of logistic regression for effects of antenatal corticosteroids and twins
on neonatal outcomes.
(A) 23 to 28 weeks of gestataional age. (B) 29 to 33 weeks of gestational age.

For each neonatal outcome, solid dots represent the aOR and lateral lines represent the 95% CI. aAdjusted
relative risk (RR) and 95% CI were obtained from Poisson regression models adjusted for gestational age,
birthweight, sex, maternal age, maternal diabetes mellitus, maternal hypertension, premature rupture of

membrane, cesarean section, and in vitro fertilization using generalized estimation equations..
Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; IVH, intraventricular hemorrhage;

PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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45 Figure 2. Forest plot showing results of logistic regression for effects of antenatal corticosteroids and twins

46 on neonatal outcomes.

47 (A) 23 to 28 weeks of gestataional age. (B) 29 to 33 weeks of gestational age.

48 For each neonatal outcome, solid dots represent the aOR and lateral lines represent the 95% CI. aAdjusted
relative risk (RR) and 95% CI were obtained from Poisson regression models adjusted for gestational age,

49 birthweight, sex, maternal age, maternal diabetes mellitus, maternal hypertension, premature rupture of

50 membrane, cesarean section, and in vitro fertilization using generalized estimation equations..

51 Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; IVH, intraventricular hemorrhage;

52 PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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Supplemental Table 1. Comparison of baseline characteristics between twins and singletons

[%Z uo #5/T00-2z0z-od!

23 — 28 weeks of gestational age 29 — 33 weeks of gestationd] age
Twin Singleton P value Twin Singleton & P value
(n = 1,430) (n=3,977) (n=934) (n=3,190) §
Infant i
Gestational age (weeks), 26.63 (1.64) 26.60 (1.58) 0.471 30.19 (0.91) 30.80 (1.34 0.001<
mean (SD) w
Birth weight (g), mean 917 (235) 913 (246) 0.581 1,268 (188) 1,248 (203)%0J 0.005
(SD) s
SGA, n (%) 75(5.2) 380 (9.6) 0.001< 94 (10.1) 899 (28.2) 8 0.001<
Male, n (%) 775 (54.2) 2,107 (53.0) 0.434 447 (47.9) 1,564 (49.0& 0.529
Maternal =
Maternal age (years), mean 33.05 (4.04) 33.33 (4.51) 0.031 33.51 (3.79) 33.36 (4.52g 0.305
(SD) =
Maternal diabetes mellitus, 138 (9.7) 348 (8.8) 0.268 126 (13.5) 338 (10. 6)'§ 0.013
n (%) S
Maternal hypertension, n 74 (5.2) 678 (17.0) 0.001< 144 (15.5) 1357 (42. S)E 0.001<
(%) @
Chorioamnionitis?, n (%) 446 (37.2) 1701 (49.9) 0.001< 133 (17.7) 734 (27.0 § 0.001<
Premature rupture of 524 (37.0) 1770 (44.8) 0.001< 347 (37.4) 876 (27.6)3 0.001<
membrane, n (%) g.
Cesarean section, n (%) 1247 (87.2) 2823 (71.0) 0.001< 834 (89.3) 2618 (82.1)3. 0.001<
In vitro fertilization, n (%) 768 (54.8) 348 (8.8) 0.001< 512 (55.8) 197 (6.2) 8 0.001<
Antenatal corticosteroid, n 1256 (87.8) 3331 (83.8) 0.001< 822 (88.0) 2,682 (84.18. 0.003
(%) S
Data are presented as mean (SD) or n (%). %?

Abbreviations: ACS, antenatal corticosteroid; SGA, small for gestational age; IVH, intraventricular hemonhage PDA,

20¢e

patent ductus arteriosus; ROP, retinopathy of prematurity.

2 Values were missing for 797 infants in the group with 23 to 28 weeks of gestational age and 657 infants 1 i the group with

29 to 33 weeks of gestational age.
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Supplemental text 1. The definition of variables
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Small for gestational age (SGA) was defined as birth weight below the 10% percentile for

10 gestational age according to the Fenton growth chart.! Sepsis was defined as a case of

12 positive blood culture and requiring systemic antibiotics treatment for more than five days.
Chorioamnionitis was defined as histologic findings of acute inflammation in the chorion-

17 decidua, amnion, umbilical cord, and chorionic plate by pathologist at each participating

19 facility using the criteria of Salafia et al.> modified by Yoon et al.> Maternal hypertension

21 included pre-existing hypertension and/or pregnancy-induced hypertension. Maternal
diabetes mellitus (DM) included pre-existing and/or pregnancy-induced DM. High-grade

26 intraventricular hemorrhage (IVH) was defined as grade 3 or 4 IVH according to Papile’s

28 criteria.* Periventricular leukomalacia (PVL) was diagnosed based on brain ultrasound or
magnetic resonance imaging obtained at term-equivalent age. Only cystic lesions were

33 counted. Surgically treated patent ductus arteriosus (PDA) was defined as surgical ligation or
35 division of symptomatic PDA. Necrotizing enterocolitis (NEC) was diagnosed and staged
according to modified Bell’s criteria.> Only NEC of stage 2 or higher was counted.

40 Bronchopulmonary dysplasia (BPD) was defined as a need for supplementary oxygen at 36
42 weeks postmenstrual age (PMA) or discharge according to the National Heart, Lung, and

44 Blood Institute (NHLBI) workshop definition.® Advanced retinopathy of prematurity (ROP)
was defined as stage 3 or higher according to the International Classification for Retinopathy
49 of Prematurity’ or having an operation (cryotherapy, laser photocoagulation, or vitrectomy),

51 or intravitreal injection with anti-vascular endothelial growth factor.®
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First of all, we would like to thank the reviewers for their constructive criticism of our paper. Based on the
advice of reviewers, the paper was revised by enlarging the study population and adopting a new analysis
method. We also answered the comments from the reviewers.

Reviewer: 1

Comments to the Author

Thank you for the opportunity to review this manuscript from Bae et al and the Korean Neonatal Netwo
rk. I follow the ACS literature closely and I appreciate the authors scholarship and efforts. I quite enjoy d
atabase scouring for useful insights, thus the authors are to be credited.

The manuscript is generally clear and well-
written in translation, and the references are good except in a few instances.

This is a good manuscript but I believe can become a more helpful manuscript with some reasonable modif
ications. This will strengthen its utility for discerning ADC readers, especially those of us who rely on larg
e data sets to guide potentially better practice selections, and those of us increasingly concerned by ACS m
isuse and misunderstanding.

1. The KNN database is unusual in one obvious aspect -

a strikingly low ACS usage rate overall. The KNN ACS usage is far below that of the Vermont Oxford N
etwork and the NICHD Neonatal Network. Figure 1 documents this -

1316 of 2786 twins got either no or incomplete ACS,....and 3774 of 7788 singletons got either no or inco
mplete ACS. The authors need to address this more explicitly and reference the VON and NICHD ACS rat
es 2014 to the present. In the VON collaborative our NICUs participate in the ACS rate in VLBWs is >90
%.

This KNN report is a "natural experiment" 2014-2019 - i.e., "What Does Low ACS Use Look Like".

: Thank you for your comments.

As you mentioned, a recent study of 187,187 VLBW infants born from 2014 to 2018 enrolled in the VON
database reported that infant who received ACS therapy was about 86.7%. (Katherine Culbreath et al. Impact
of concomitant necrotizing enterocolitis on mortality in very low birth weight infants with intraventricular
hemorrhage, PMID: 35715599). In a study using the database of the Eunice Kennedy Shriver National
Institute of Child Health and Human Development Neonatal Research Network from 2013 to 2018, Bell et
al. reported that 9,571 (88.1%) of 10,867 infants born between 22 weeks and 28 weeks of GA were exposed
to ACS. (Bell et al., Mortality, In-Hospital Morbidity, Care Practices, and 2-Year Outcomes for Extremely
Preterm Infants in the US, 2013-2018, PMID : 35040888). And, In a study of Australia and New Zealand,
exposure rate of ACS in epoch 3 (2007-2012) was 89.4% (19,014/21,606, Improving incidence trends of
severe intraventricular haemorrhages in preterm infants < 32weeks gestation: Yeo eta al, a cohort study, PMID :
31201252).

Especially in multiple gestations, the study using data from NICHD reported that the ACS administration
rate was 88% (6094/6925) in infants born at 22 to 28 weeks of gestational age (Boghossian et al.,
Association of Antenatal Corticosteroids with mortality, morbidity, and neurodevelopmental outcomes in
extremely preterm multiple gestation infants, PMID : 27088897). This result was comparable with our data
(shown in supplemental table 1, 87.8% (1,256/1,430) in twins born at 23 to 28 weeks of GA).

However, in singletons born at 23 to 33 weeks of GA, infants who exposed to ACS were 83.9%
(6,013/7,167) in our study. This rate was lower than those of the studies mentioned above.

As you suggested, we described the possible reasons for the difference in exposure to ACS between twins
and singletons in the discussion section (page number 18-19), and mentioned that the proportion of
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singletons exposed to ACS was lower in this study compare to other studies in the limitation section (page
number 19).

2. A tremendous addition to their analysis, the issue in most parts of the "First World" is not too little ACS,
it's too much, i.e., way too many fetuses are exposed to supra-

physiologic levels of corticosteroids (1/2 of all ACS-

exposed fetuses deliver >36 weeks). Mounting evidence has been published that ACS adversely effect neu
rodevelopment The (Ninan JAMA Pediatrics April 2022).

This KNN report would have added insight if they would stratify their outcomes analyses by GA -
especially by just excluding 31 and 32 week infants where the benefits of ACS are actually quite small. 1
would like to see their data and forest plots with 31 and 32 week infants excluded.

: We completely agree with your opinion. We are also aware that alternative ACS dosage regimens are being
tried and reviewed due to concerns about the neurodevelopmental disorders in preterm infants (Schmitz et
al. Neonatal outcomes for women at risk of preterm delivery given half dose versus full dose of antenatal
betamethasone: a randomised, multicentre, double-blind, placebo-controlled, non-inferiority trial, PMID:
35988568).

As you mentioned, we re-analyzed the outcomes by stratifying the total study population into two
gestational age groups (group of 23 to 28 weeks GA and group of 29 to 33 weeks GA). In addition, we
revised our analytical approach in response to reviewer 2’s comments, and the findings from this new
analysis are shown in Figure 2.

3. Page 6 - "rapider" is not an English word. More rapid is better.

: As we revised the paper this time, that sentence was deleted.

4. page 7 - Was complete ACS course ">24 hours and <7 days"?

: In the KNN manual of operations, a complete course of ACS therapy was defined as four doses of
intramuscular dexamethasone at 12-hour intervals or two doses of intramuscular betamethasone at 24-hour
intervals administered within 7 days before preterm birth. KNN did not collect the time interval from the
administration of the last dose of ACS to delivery. In this revised paper, an ACS therapy was defined as
the administration of any dose of ACS before preterm delivery, regardless of the type of drug, completion
of the course, or timing of dosing.

5. Page 8 - the definitions in "Supplemental text 1" contain several tautologies -

maternal diabetes is defined as pre-

existing maternal diabetes, ditto maternal hypertension,......and hypotension is defined by treatment which i
s of course error-prone and not scalable.

: In this study, the definition of maternal diabetes included both pre-existing diabetes and gestational
diabetes. In the same way, the definition of maternal hypertension included both pre-existing hypertension
and pregnancy-induced hypertension. We excluded hypotension from the outcomes because it is error-
prone and not scalable as you commented.

6. Reference 6 is not the NICHD reference listed in the Supplemental text 1.
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: We corrected the sentence
according to the National Institute of Child Health and Human Development Workshop definition

-> according to the National Heart, Lung, and Blood Institute (NHLBI) workshop definition

7. The manuscript would be more informative to ADC readers if the authors would make reasoned comme
nts about some striking differences in Table 1 compared to USA and European data sets. Examples -

high C/Section rates (even in singletons), PVL rates that are double, triple the VON and NICHD rates, wh
y maternal age effects ACS use (quite perplexing), why maternal hypertension and chorioamnionitis are m
ore common in singletons (I don't believe I have ever seen that in a large data set).

: As you advised, we mentioned a higher rate of cesarean section delivery compared to that of other studies
in discussion. (page number 19). And we presented rates of all outcomes, including PVL, for twins and
singletons in each gestational age group so that the reader may compare the results of this study with those
of other studies (Table 2 and 3).

While the birth rate has dramatically decreased in Korea since 2000s, both childbirth age of mother and
use of assisted reproductive technology were increased. In this study, the rate of IVF was significantly
higher in twins (54.1%, 1,280/2364) than in singletons (7.6%, 545/7,167), and the rate of twin pregnancies
through IVF was higher than US, even in singleton pregnancies (Sunderam et al., Assisted Reproductive
technology surveillance-United States, 2018., PMID : 35176012). Why older maternal age was associated
with higher ACS coverage in our study is not clear. However, older mothers were more often conceived by
IVF and delivered via cesarean section. These older mothers usually might have sought more medical
attention because of their concern for adverse pregnancy outcome. These characteristics of old mothers
might be associated with higher ACS coverage.

As for higher rates of maternal hypertension and chorioamnionitis in singletons, we reviewed the rates of
obstetric complications (hypertension and chorioamnionitis) between twins and singletons in the other
trials.

In a population-based cohort study of infants born before 32 weeks of GA, maternal hypertension was less
frequent in twin pregnancies than in singleton pregnancies. (Papiernik et al, Difference in outcome
between twins and singletons born very preterm: results from a population-based European cohort. PMID
—20118116) In addition, a study from Israeli showed that the rate of maternal hypertension in twins (9.7%)
was lower than in singletons (26.4%). (Shinwell et al. Excess risk of mortality in very low birthweight
triplets: a national, population based study, PMID — 12496224). A study from Australia and New Zealand
also reported a higher rate of pregnancy induced hypertension in singletons than multiples (Yeo eta al.,
Trends in Morbidity and Mortality of Extremely Preterm Multiple Gestation Newborns, PMID: 26169427)

In matched cohort study comparing twin and singleton pregnancies complicated by PPROM, twins had
less clinical and histologic chorioamnionitis than singletons. (Ehsanipoor et al., Twin versus singleton
pregnancies complicated by preterm premature rupture of membranes, PMID — 21736498) Similarly, one
study comparing twins and singletons with PPROM reported that twin were less likely to have clinical
chorioamnionitis or placental abruption. (Kibel et al., The natural history of preterm premature rupture of
membranes in twin pregnancies, PMID : 27550343)

I am aware of the work and diligence it takes to examine large data sets and share insights that might be he
Ipful to others and advance the efforts of evidence-

based medicine and quality, thus I admire the authors' intentions and scholarship. But lumping 23 to 32 we
ek infants together without more discriminant analyses by GA is crucial,......23 and 24 week infants are not
comparable to 30-31-

32 week infants, presenting them together (even with logistic regression) is misleading and obscures insigh
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ts in the extremely premature infant especially.

: Thank you for your comments. As we mentioned above, we performed the re-analyses and presented the
results for each gestational age group (GA 23 to 28 weeks group and GA 29 to 33 weeks group). We
believe that our findings can be helpful for understanding on the effect of ACS in twins.

Reviewer: 2

Comments to the Author

This is an interesting study about the effect of a complete course of ACS in preterm twins less than 1500 g
birth weight, conducted within the Korean Neonatal Network, comparing the results with singletons. As a s
econdary aim, the authors also tested the hypothesis that the effects of ACS are the same in boys and girls.
They found no (statistically significant) differences either between twins and singletons or between boys a
nd girls.

I found 3 major problems that must be addressed before accepting the results presented by the Authors.

The first is the choice of comparing neonates who received a complete course of ACS vs. no treatment.
Once started ACS, the course is complete or partial not for a pre-

defined decision but depending on how well the timing of delivery is estimated, how rapid the course of la
bour or the need for obstetrical intervention is, or simply on when the woman presents to the hospital. Ther
efore, excluding women with partial treatment can produce bias as this is associated with baseline imbalan
ces of groups, ie mixes a possible different effect of ACS with something that is extraneous. And this is wh
at actually occurs: twins and singletons differ. The distribution of women receiving complete, partial, and
no ACS is different between twins and singletons [page 9, lines 40-45]: the chi-

square yields a p<0.001. By excluding partial ACS, although fewer twins received a complete course (44.4
% vs 47.3% in singletons), the ratio of complete/no ACS infants is reversed (3.7 for twins vs. 2.9 for single
tons).

As the authors acknowledge, singletons and twins are 2 different populations, with different gestational ag
es, pregnancy complications and backgrounds, so simply comparing the results between the 2 groups make
$ 1o sense.

To try to mimic as well as possible a trial, they should try to have groups as balanced at baseline as possibl
e and should analyze any ACS treatment vs no treatment —

leaving the current comparison (complete vs no treatment) as a sensitivity analysis or comparing the 3 con
ditions (no ACS, partial and complete treatments).

: Thank you for your comments. We agree with your opinion and re-analyzed the data

At this time, we included infants born from mothers who received a partial ACS treatment in addition to
infants born from mothers who received a complete ACS treatment. So ACS therapy was re-defined as at
least one dose of any kind of corticosteroids before preterm delivery.

Additionally, we performed the re-analyses by stratifying the total study population into two gestational
age group (23 to 28 weeks group and 29-33 weeks group) in response to reviewer 1’s comment. We
compared the antenatal baseline characteristics between ACS exposed and ACS-unexposed groups in
twins and singletons. Variables that showed a significant (p <0.10) difference between twins and
singletons groups, and potential confounders were used as covariates in Poisson regression models.

The second point is that when one finds negative (i.e., non-
significant) results, one should try to see what the power of the study was. Here the sample size is not large
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(for instance, only 286 untreated twins), so non-significant results are not a surprise.

Thus, I do not think that the authors can claim that their results show that the effect of ACS are the same be
tween groups because some OR are strikingly different though not statistically significant. A non-
significant difference between treated and not treated groups is no evidence of no effect.

Linked to this, the “standard” way to assess whether the effect of ACS is the same in the 2 groups if one ha
s the individual data as in this study, is not to run different logistic models, extract the coefficients, and sta
ndard errors and compare them by a z-

test [page 8, line 48], but rather to include the information of the group [singleton/twin; boy/girl) in a gener
al model and test for interaction.

Especially for the comparison boys/girls, we are not interested in whether ACS work, but if their effect is d
ifferent!

I would therefore suggest that the authors change and simplify their analysis.

Thank you for your comments. Although we did not calculate the statistical power of this study, as you
advised, we got a new results by applying a more advanced statistical method.

To investigate whether associations between ACS and neonatal outcomes were altered by plurality (twins
versus singletons), the interaction effect between ACS and twin pregnancies on neonatal outcomes was
evaluated by adding the interaction terms (ACS % twins) in Poisson regression models that included
potential confounders (page number 8). Similar to the results of the previous version of our paper, there
was no statistically significant interaction between ACS and twin pregnancies in this revision (Table 2, 3).
Furthermore, in the second model excluding the interaction term, we calculated adjusted RR and 95% CI
for the individual effect of ACS and twins on each neonatal outcome (Figure 2A, 2B).

The last point is that the literature search on the effects of ACS in twins is inaccurate. The authors cite only
a handful of original papers to support their starting point and results, but the literature is much vaster, and
their study does not fall into a void. For instance, the sentence “Currently, ACS is equally recommended f

or twin pregnancies [...] based on a retrospective study [2,3]” [page 6, lines 13-15] is inaccurate.

Below is a meta-
analysis on this topic (antenatal steroids in twins) published in Obstet Gynecol, that can be of interest to th
e Authors if they have to rearrange their study for publication.

Antenatal Corticosteroids and Neonatal Outcomes in Twins: A Systematic Review and Meta-analysis.
Socha P, McGee A, Bhattacharya S, Young C, Wang R.

Obstet Gynecol. 2022 Jul 1;140(1):20-30. doi: 10.1097/A0G.0000000000004835. Epub 2022 Jun 7.
PMID: 35849452

: We appreciate your comments. The studies cited by the ACG Committee on the use of ACS in multiple
pregnancies were referenced in the sentence you pointed out. As you mentioned, there have been a huge
number of studies on the effects of ACS. But, effect of ACS in twins have been reported with conflicting
results among studies.

As you advised, we tried to present various research results by citing several studies, such as original
papers and meta-analyses, dealing with the ACS effect in twins at this time. By comparing the various
findings of numerous large-scale studies, we attempted to show as much unbiased information as possible.
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ABSTRACT

Objective

To investigate whether effects of antenatal corticosteroids on neonatal outcomes in preterm

infants with very-low-birth-weight were different by plurality.

Design

Nationwide prospective cohort study

Retrospective cohort study
Setting

Not applicable

Patients

Twins and singletons with very-low-birth-weight (< 1,500 g) who were born between 23" and

33%¢ weeks of gestation and registered in the Korean Neonatal Network from January 2014 to

December 2019
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Main outcome measures

Morbidity and mortality before discharge from neonatal intensive care unit

Results

Among a total of 9.531 preterm infants with very-low-birth-weight, there were 2.364 (24.8%)

twins and 7,167 (75.2%) singletons. While 83.9% of singletons were exposed to at least one dose

of antenatal corticosteroids, so were 87.9% of twins.

Interaction analysis demonstrated that there was no significant difference in the effect of

antenatal corticosteroids on morbidities or mortality between twins and singletons in either

gestational age group (23 to 28 weeks or 29 to 33 weeks).

Antenatal corticosteroids significantly decreased the risk of surfactant use, high-grade

intraventricular hemorrhage. periventricular leukomalacia, and mortality in the gestational age

group of 23 to 28 weeks. In the gestational age group of 29 to 33 weeks, antenatal corticosteroids

significantly decreased the risk of surfactant use and mortality but increased the risk of sepsis.
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Conclusion

This study demonstrates that effect of antenatal corticosteroids on neonatal outcomes of preterm

infants with very-low-birth-weight does not differ significantly by plurality (twin or singleton

pregnancy).

Keywords: antenatal corticosteroids, preterm delivery, mortality, morbidity, twins, very low

birth weight infant

Key messages

Why is already known on this topic?

Antenatal corticosteroids (ACS) administered before preterm delivery can decrease neonatal

morbidity and mortality in singleton pregnancies. However, data about such effects of ACS in

5
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multiple pregnancies are still limited.

What this study adds?

The effect of antenatal corticosteroids administered before preterm delivery on neonatal

morbidity and mortality does not differ by plurality (twin or singleton pregnancy).
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Introduction

Antenatal corticosteroid (ACS) has been established as the standard therapy for pregnant
women at risk of preterm delivery within 7 days between 2470 and 33 weeks of gestation. !

Currently, ACS is equally recommended for twin and singleton pregnancies twin-pregraneies-

with the same regimen based on a retrospective cohort study. 23 A recent study has shown that b
that-stady;-a complete course of ACS was associated with a significant decrease in neonatal
mortality, short-term respiratory morbidity, and severe neurological injury in a magnitude similar

to those observed for singletons.> However, data that demonstrate comparable effects of ACS

therapy in twin pregnancies are limited data-en-effects-of ACS-therapy-onneonatal-outcomes-
’ cotal | 1 lackingdS

As a result of increasing childbirth age and use of assisted reproductive technology, twin

pregnancies are increasing in many countries including Korea. ¢ 7 However, twin pregnancies are

more likely to have preterm birth, low birth weight, and longer hospital stays than singleton

pregnancies

weight-than-singletonpregnaneies.?® In addition, mono-chorionicity, birth weight discordance,

and obstetric complications associated with multiple pregnancies may result in adverse perinatal

Recently, the mortality of extreme preterm multiples has decreased to a level comparable to

that of singletons born at the same gestational age along with increased use of ACS therapyin-
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have reported conflicting results regarding equivalent effects of ACS on neonatal outcomes of

twins and singletons.

clinical trials designed to investigate the effect of ACS in twins. A meta-analysis on ACS therapy

has also highlighted the need for additional studies on multiple pregnanciesGiven-that-preterm-

Thus, the purpose of this study was to investigate whether effects of ACS administered before

preterm delivery on neonatal outcomes of twins and singletons were comparable.

Materials and Methods

Study design and participants

Information on the study population is presented in Figure 1. Data collected prospectively
8
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through the Korean Neonatal Network (KNN), a nationwide very low birth weight (VLBW,
<1,500 g) infant registry participated by 61 neonatal intensive care units across South Korea '3
were used for this study. A total of 11,121 infants with VLBW born preterm (between 23 and
336 weeks of gestation) between January 2014 and December 2019 were enrolled. Exclusion
criteria were: high-order multiple gestations (>triplets), birth outside the hospital, major

congenital anomalies, transfer to other hospitals, no or unreliable information on ACS;-and-

incomplete- ACS-therapy. Finally, 2,364 twins and 7,167 singletons were analyzed-1;336-twins-

and-4;547-singletons-were-analyzed. ACS therapy was defined if the pregnant women had

received at least one dose of any kind of corticosteroids before preterm delivery.

Variables collected included Fa-this-study;-the-fellowingvariables-were-coHeeted:-gestational

age, birth weight, small for gestational age (SGA), sex, maternal age, maternal diabetes mellitus

(DM), maternal hypertension, chorioamnionitis, premature rupture of membrane, cesarean

section, in vitro fertilization (IVF), Apgarseore-at-5-minutes;-surfactant userespiratory-distress-
syndrome-(RDS), hypotension-duringthe-first-week-oflife;-sepsis, high-grade intraventricular

hemorrhage (IVH), periventricular leukomalacia (PVL), surgically treated patent ductus
arteriosus (PDA), bronchopulmonary dysplasia (BPD), treated-advanced retinopathy of

prematurity (ROP), and mortality-before-diseharge. Definitions for different variables are

9
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provided in Supplemental Materials. The analysis of neonatal morbidity was performed for

infants who survived before discharge. while the analysis of mortality was performed for the

total population.

—— ) W | | ol

Statistical methods

Rates of neonatal outcomes between infants exposed to ACS and infants without such exposure

are presented along with risk difference and 95% Cls. To investigate whether associations

between ACS and neonatal outcomes were altered by plurality (twins versus singletons), the

interaction effect between ACS and twin pregnancies on neonatal outcomes was evaluated by

adding interaction terms (ACS X twins) in Poisson regression models that included potential

confounders, such as gestational age, birth weight, sex, maternal age, maternal diabetes mellitus,

maternal hypertension, premature rupture of membrane, cesarean section, and in vitro

fertilization. Missing values for chorioamnionitis were substantial (17.6% in twins and 14.5% in

singletons). They were excluded from the analyses. In the second model excluding the

interaction term to investigate the individual effect of ACS and twins, crude and adjusted relative

risk (RR) and 95% CI were calculated by Poisson regression analyses with selection of variables

that showed minimal QIC (Quasi-likelihood under the Independence model Criterion) for each

outcome. These models were fitted with generalized estimation equations (GEE) approach for

the correlation between a pair of twins from a mother. The level of significance was set at p <

0.05. All statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY,

USA) and R package version 3.3.1 (The R Foundation for Statistical Computing, Vienna,
10
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The registration of data in the KNN was approved by the Institutional Review Board (IRB) of
each participating center. Informed consent was obtained from parents of each infant prior to
participation in the KNN registry. This study was approved by the IRB of Seoul National

University Bundang Hospital (approval number: B-1305-202-005).

Results

Exposure to antenatal corticosteroids

! Leorti d ol

Among 2,366 twins, 2,078 (87.9%) infants were exposed to at least one dose of ACS before

preterm delivery. Among 7.167 singletons, 6,013 (83.9%) infants were exposed to at least one

dose of ACS before preterm delivery (Figure 1).45050-(44-4%);15030(43-5%);and 286-H2-1%)

Comparison of baseline characteristics between infants exposed to antenatal corticosteroids

and infants without ACS exposure

12
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Twins exposed to ACS were born at a significantly later gestational age compared to those

without ACS exposure (Table 1). However, there was no significant difference in gestational age

or birth weight between singletons exposed to ACS and those without ACS exposure. Singletons

exposed to ACS had significantly higher rates of maternal DM, maternal hypertension, and

cesarean section than those without exposure. In both twins and singletons, infants exposed to

13
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LT00-220z-odlwgy

[=]

Twins Singletons 5
(n=2.364) (n=17.,167) N
ACS-exposed ACS-unexposed P value ACS-exposed ACS-unexposed P value
(n=2,078) (n=286) (n=6.,013) (n=1,154) g
Infant 3
Gestational age (weeks), 28.08 (2.19) 27.75 (2.50) 0.034 28.49 (2.52) 28.39 (2.78 l&? 0.256
mean (SD) N
Birth weight (g). mean 1.059 (274) 1.034 (301) 0.186 1,060 (281) 1073 (289) 0.138
(SD) 2
SGA, n (%) 147 (7.1) 22 (7.7) 0.704 1080 (18.0) 199 (17. 2[% 0.560
Male, n (%) 1079 (51.9) 143 (50.0) 0.541 3074 (51.1) 597(51.71)8 0.708
Maternal e
Maternal age (years), mean 33.41 (3.80) 31.91 (4.66) <0.001 33.44 (4.43) 32.82 (4.92F <0.001
(SD) 3
Maternal diabetes mellitus, 238 (11.5) 26 (9.1 0.221 597 (9.9) 89 (7.7 _g 0.019
n (% =
Maternal hypertension, n 196 (9.5) 22 (7.7 0.329 1749 (29.1) 286 (24.8 g 0.003
% 5
Chorioamnionitis?, n (% 516 (29.9) 63 (28.0) 0.551 2084 (40.2) 351 (37. 0[§ 0.064
Premature rupture of 787 (38.1) 84 (29.9) 0.007 2334 (38.9) 312 (27.5 é <0.001
membrane, n (%)
Cesarean section, n (%) 1837 (88.4) 244 (85.3) 0.132 4634 (77.1) 807 (69. 91 <0.001
In vitro fertilization, n (%) 1152 (56.6) 128 (45.1) <0.001 494 (8.2) 51 (4.4) < <0.001
Data are presented as mean (SD) or n (%).
Abbreviations: ACS, antenatal corticosteroids; SGA, small for gestational age: IVH, intraventricular hemorghage: PDA.,

patent ductus arteriosus; ROP, retinopathy of prematurity.

4 Values were missing for 415 infants in the group of twins and 1039 infants in the group of singletons.
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between-twins-and-singletons—ACS were more likely to have higher rates of premature rupture of

membrane and be conceived through IVF from older mothers than those without exposure.

15
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We investigated whether effects of ACS on neonatal outcomes differed between twins and

singletons. Because neonatal outcomes are substantially dependent on gestational age.

comparison of ACS effects on neonatal outcomes by plurality was performed by stratifying the

study population into two gestation age eroups: an age group of 23 to 28 weeks and an age group

of 29 to 33 weeks group.

Among infants in the age group of 23 to 28 weeks, exposure to ACS for twins was significantly

16
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associated with a lower rate of mortality, but not with morbidity. However, exposure to ACS for

singletons was significantly associated with a lower mortality and a lower morbidity including

surfactant use, high-grade IVH, and PVL (Table 2). Among infants in the age group of 29 to 33

weeks, exposure to ACS for twins was significantly associated with lower rates of mortality and

surfactant use (Table 3). Exposure to ACS for singletons was significantly associated with a

lower rate of mortality, but a higher rate of sepsis. In interaction analyses, there was no

significant difference in the association of ACS therapy with any neonatal outcomes between

twins and singletons in either gestational age group.
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i Table 2. Comparisons of neonatal outcomes between infants exposed to ACS and infants without ACS expo§ire in infants born
s at 23 to 28 weeks of gestational age S
I(x
6 . ran
Infants who survived before ACS-exposed ACS-unexposed I, W D P value for
7 discharge (n = 4160) (n=3606) (n=554) Risk difference, % (95 CT) P value! 2 interaction®
8 Surfactant use, n (%) 5
9 Total 3468/3606 (96.2%) 546/554 (98.6%) -2.4(-3.6 to -1.2) 0.005 N
10 Twin 952/991 (96.1%) 108/109 (99.1%) -3.0 (-5.2t0-0.9) 0.110 B 0.199
1 Singleton 2516/2615 (96.2%) 438/445 (98.4%) -2.2 (-3.6 t0 -0.8) 0.018 o -
12 Sepsis, n (% g
13 Total 985/3606 (27.3%) 166/554 (30.0%) -2.7(-6.7t0 1.4) 0.195 &
14 By numbers of fetus %
15 Twin 273/991 (27.5%) 32/109 (29.4%) -1.8 (-10.8 t0 7.2) 0.689 = 0.706
16 Singleton 712/2615 (27.2%) 134/445 (30.1%) -29(-7.5t0 1.7) 0.209 g —
17 High-grade IVH, n (%) =
18 Total 313/3606 (8.7%) 79/554 (14.3%) -5.6 (-8.6 to -2.5) <0.001 -_g_’
19 By numbers of fetus >
20 Twin 115/991 (11.6%) 15/109 (13.8%) -2.2(-8.91t04.6) 0.508 % 0.204
21 Singleton 198/2615 (7.6%) 64/445 (14.4%) -6.8 (-10.2 to -3.4) <0.001 § —
22 Periventricular 2
23 leukomalacia, n (%) 3
24 Total 327/3606 (9.1%) 74/554 (13.4%) -4.3 (-7.3t0-1.3) 0.001 g
25 By numbers of fetus 3
26 Twin 86/991 (8.7%) 14/109 (12.8%) -4.2 (-10.7 t0 2.4) 0.151 8 0.749
27 Singleton 241/2615 (9.2%) 60/445 (13.5%) -4.3 (-7.6 t0 -0.9) 0.005 3 —
28 Surgically treated PDA, n S
% >
29 2 S
30 Total 616/3606 (17.1%) 99/554 (17.9%) -0.8 (-4.2t02.6) 0.647 =
31 By numbers of fetus 'LNO
32 Twin 175/991 (17.7%) 23/109 (21.1%) -3.4 (-11.5 to0 4.6) 0375 Q 0.400
Singleton 441/2615 (16.9%) 76/445 (17.1%) -0.2 (-4.0 t0 3.6) 0911 *» D
33 — g
Necrotizing enterocolitis =<
34 N S 2
35 L) 2
36 Total 268/3606 (7.4%) 36/554 (6.5%) 0.9(-1.3t03.2 0432 =~
37 By numbers of fetus -O'l?
Twin 72/991 (7.3%) 8/109 (7.3%) -0.07 (-5.2t0 5.1) 0.978 § 0.479
:g Singleton 196/2615 (7.5%) 28/445 (6.3%) 12(-1.3103.7 0368 § 222
o
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41 3
42 E
43 =
44 '
45 https://mc.manuscriptcentral.com/bmjpo
46



http://bmjpaedsopen.bmj.com/

oNOYTULT D WN =

BMJ Paediatrics Open

Page 64 of 83

Singleton

716/3331 (21.5%)

201/646 (31.1%)

-9.6 (-13.5 to -5.8)

<0.001

Data are presented as n (%).

o
3.
8
N
o
N
N
o
o
[y
\l
Bronchopulmonary g
dysplasia, n (%) S
Total 1664/3606 (46.1%) 269/554 (48.6%) -24(-69t02.1) 0.290 N
By numbers of fetus S
Twin 437/991 (44.1%) 51/109 (46.8%) 2.7 (-12.6 t0 7.2) 0.591 2 0.986
Singleton 1227/2615 (46.9%) 218/445 (49.0%) -2.1(-7.1t03.0) 0.419 3 -
Advanced ROP, n (%) N
Total 769/3602 (21.3%) 113/554 (20.4%) 1.0 (-2.7 t0 4.6 0.610 ™
By numbers of fetus o
Twin 232/990 (23.4%) 31/109 (28.4%) -5.0(-13.9t0 3.9) 0.245 % 0.158
Singleton 537/2612 (20.6%) 82/445 (18.4%) 2.1(-1.8t06.1) 0301 = —
. _ ACS No ACS L o 2 P value for
All infants (n = 5407) (n=4587) =820} Risk difference, %(95 CI) P value o interaction®
Mortality, n (%) F
Total 981/4587 (21.4%) 266/820 (32.4%) -11.1 (-14.5 to -7.6) <0.001 3
By numbers of fetus _g
Twin 265/1256 (21.1%) 65/174 (37.4%) -16.3 (-23.8 t0 -8.7) <0.001 § 0.458
3
©
QD
3
(n

aTests for risk difference within each subgroup.

b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values foﬁlnteractlon were

obtained from multivariable Poisson regression models adjusted for gestational age, birthweight, sex, materaal age. maternal

diabetes mellitus, maternal hypertension, premature rupture of membrane, cesarean section, and in vitro ferﬁ:’lization using the

generalized estimation equations.

O

Abbreviations: ACS. antenatal corticosteroid;: SGA, small for gestational age: IVH. intraventricular hemorrlmge PDA., patent

ductus arteriosus: ROP, retinopathy of prematurity.
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Surfactant use, n (%)
Total
By numbers of fetus
Twin
Singleton
Sepsis, n (%)
Total
By numbers of fetus
Twin
Singleton
High-grade IVH, n (%)
Total
By numbers of fetus
Twin
Singleton
Periventricular
leukomalacia, n (%)
Total
By numbers of fetus
Twin
Singleton
Surgically treated PDA, n

%
Total
By numbers of fetus
Twin
Singleton
Necrotizing enterocolitis,
n (%)
Total
By numbers of fetus
Twin
Singleton
Bronchopulmonary

dysplasia, n (%)
Total

By numbers of fetus

2240/3428 (65.3%)

583/801 (72.8)
1657/2627 (63.1)

376/3428 (11.0)

90/801 (11.2
286/2627 (10.9)

53/3426 (1.5)
10/801 (1.2)
43/2625 (1.6)
179/3427 (5.2
71/801 (8.9)
108/2626 (4.1)
95/3428 (2.8)
19/801 (2.4)
76/2627 (2.9)
85/3427 (2.5)
21/801 (2.6)
64/2626 (2.4)

524/3423 (15.3)

BMJ Paediatrics Open

402/591 (68.0%)
86/104 (82.7)

-2.7(-6.8 to 1.4)

-9.9 (-17.8 to -2.0)

316/487 (64.9)
41/591 (6.9)

8/104 (7.7)
33/487 (6.8)

14/591 (2.4)
2/104 (1.9)
12/487 (2.5)
30/591 (5.1)
6/104 (5.8)
24/487 (4.9)
18/591 (3.0)
4/104 (3.8)
14/487 (2.9)
11/591 (1.9)
4/104 (3.8)
7/487 (1.4)

93/591 (15.7)

23

-1.8(-6.4t0 2.8

4.0(1.7t0 6.3)

3.5(-2.0t09.1)
4.1(1.6106.6)

-0.8 (-2.1 t0 0.5)

-0.7(-3.4t0 2.1
-0.8 (-2.3 t0 0.6)

0.2(-1.8t0 2.1

3.1(-1.8t08.0)
-0.8 (-2.9to 1.3)
-0.3 (-1.8t0 1.2)
-1.5(-53t02.4)
0.02 (-1.6 to 1.6)
0.6 (-0.6 to 1.8)
-1.2 (-5.1t0 2.6)
1(-0.2t02.2)

-0.4 (-3.6 t0 2.8)
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Twin 114/797 (14.3) 16/104 (15.4) -1.1(-8.4t0 6.3) 0.768 0.834
Singleton 410/2626 (15.6) 77/487 (15.8) -0.2(-3.7t03.3) 0912 —
Advanced ROP, n (%)
Total 45/3426 (1.3) 10/591 (1.7) -0.4 (-1.5t0 0.7) 0.465
By numbers of fetus
Twin 13/800 (1.6) 3/104 (2.9) -1.3(-4.6t02.1 0.359 0.202
Singleton 32/2626 (1.2) 7/487 (1.4) -0.2 (-1.4t00.9) 0.690 =
All infants (n = 4,124) :ng%) , peAts Risk difference, %(95 CI) P value P value for
Mortality, n (%
Total 76/3504 (2.2) 29/620 (4.7) -2.5(-4.2 t0 -0.8) <0.001
By numbers of fetus
Twin 21/822 (2.6) 8/112 (7.1) -4.6 (-9.5t00.3) 0.009

Singleton

55/2682 (2.1)

21/508 (4.1)

-2.1 (-3.9 to-..6 -0.3)

0.005

0.722

Data are presented as n (%).

aTests for risk difference within each subgroup.

b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values fog
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mnteractlon were

obtained from multivariable Poisson regression models adjusted for gestational age. birthweight, sex, matergal age. maternal

diabetes mellitus, maternal hypertension, premature rupture of membrane, cesarean section, and in vitro fer@lization using the

generalized estimation equations.

Abbreviations: ACS, antenatal corticosteroid; SGA, small for gestational age: IVH., intraventricular hemorrl?age PDA, patent

ductus arteriosus: ROP. retinopathy of prematurity.
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Independent effects of ACS and twins on neonatal outcomes

plurality

In the second model excluding the interaction term, we calculated adjusted RR and 95% CI for

individual effects of ACS and twins on each neonatal outcome. In the age group of 23 to 28

weeks, exposure to ACS was significantly associated with a lower risk of surfactant use

(adjusted RR (aRR): 0.972 [95% CI: 0.961 — 0.984]). high-grade intraventricular hemorrhage

(aRR: 0.621 [95% CI: 0.487 — 0.794]), periventricular leukomalacia (aRR: 0.728 [95% CI: 0.556

—0.9541]), and mortality (aRR: 0.758 [95% CI: 0.679 — 0.846]) (Figure 2A). Twin were

associated with higher risks of high-erade IVH (aRR: 1.466 [95% CI: 1.178 — 1.825]) and

advanced ROP (aRR: 1.193 [95% CI: 1.069 — 1.331]) than singletons.

In the age group of 29 to 33 weeks, exposure to ACS was significantly associated with lower

risks of surfactant use (aRR: 0.914 [95% CI: 0.861 — 0.970]) and mortality (aRR: 0.409 [95% CI:

0.269 — 0.6241), but a higher risk of sepsis (aRR: 1.416 [95% CI: 1.018 — 1.969]) (Figure 2B).

Twins showed a lower risk of BPD (aRR: 0.798 [95% CI: 0.648 — 0.982]), but a higher risk of

PVL (aRR: 1.735[95% CI: 1.256 — 2.396]) than singletons.
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DisDiscussion

In this nationwide cohort study, we demonstrated that effects of ACS therapy administered

before preterm birth on neonatal outcomes were not significantly different by plurality. Mortality

and surfactant use were reduced by ACS exposure in both gestational age groups. ACS exposure

was associated with decreased risks of high-grade IVH and PVL in infants born at 23 to 28

weeks of gestational age, but increased the risk of sepsis in infants born at 29 to 33 weeks of

gestational age.

ACS therapy for mothers at risk of impending preterm delivery is the most effective evidence-

based strategy to reduce the mortality and morbidity of their preterm offspring. However,

previous studies that investigated the association between ACS therapy and neonatal outcomes in

twin pregnancies not only reported conflicting results, but also lacked quantity.Previous-

1ot 3 16 17
%&%@%ﬁe&ﬁs—pﬁﬁ%ﬁ%@s—, .

A recent meta-analysis has reported that ACS therapy is associated with decreased neonatal

death, RDS, and intraventricular hemorrhage in singleton pregnancies, but not in multiple

pregnancies. Furthermore, a randomized controlled trial on 311 twin infants who were delivered

before 34 weeks of gestation age showed that ACS therapy had no association with RDS or

30
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composite neonatal morbidity. However, large population-based cohort studies from the mid-

2000s reported positive ACS effects in multiple pregnancies. A study of 750 twin infants from

France has reported that a complete course of ACS therapy administered within 7 days before

birth is associated with decreased rates of brain injury and mortality.Sinece-the-use-ofACS-

of 8.274 multiples from Italian Neonatal Network reported that ACS therapy reduced the risk of

severe IVH and mortality, although it was less effective in multiple pregnancies than in singleton

pregnancies. A study of 2.516 twin infants from Canadian Neonatal Network has reported that

twins can benefit from a complete course of ACS therapy as good as singletons in short-term

respiratory morbidity, severe brain injury, and mortality.Melamed-et-al-have-also-reported-that-

19 Consistent with

results of these large cohort studies, our study using the latest data from KNN revealed that the

effectiveness of ACS therapy in twins was comparable to that of singletons. Moreover, its

benefits on mortality and morbidity were shown to be different by gestational groups.

Additionally, we found that twins had a higher rate of morbidity than singletons in this study.

Twins were associated with higher risks of high-grade IVH and advanced ROP in infants born at

31
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23 to 28 weeks of GA and PVL in infants born at 29 to 33 weeks of GA than singletons.

Although twins are more likely to be delivered preterm than singletons, whether twin pregnancy

alone has such adverse effects on neonatal outcomes in preterm infants remains unknown. In a

large study of infants born between 23 and 35 weeks of gestation, twins and singletons had

comparable average birth weights up to 32 weeks of gestation and similar neonatal outcomes.

One study from Australian and New Zealand Neonatal Network has found higher mortality, but

not morbidities, in twins than in singletons. Furthermore, two national cohort studies have

reported comparable risks for neonatal outcomes except for RDS between twins and singletons.

However, a population-based European cohort study showed that twins had higher risk for

mortality and high-erade IVH in infants born at 24 to 27 weeks of GA. Other studies have

revealed disparities in the rate of morbidity such as BPD and ROP between twins and singletons.
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Possible reasons for conflicting findings in twins include study design and changes in population

characteristics over timeE

have been-wel-established.2® We found that twins had lower rates of antenatal complications

such as maternal hypertension and chorioamnionitis, and higher rates of obstetric interventions,

including IVF. ACS. and cesarean section than singletons in both gestational age groups

(Supplemental Table 1). This trend has also been observed across other recent studies. The

higher rate of IVF in twins reflect the current trend of childbirth in Korea.® The reason for higher

ACS exposure in twins is currently unclear. However, more medical attention for twin

pregnancies might be one possible cause. One noteworthy result was that the cesarean section

rate for twins born between 23 and 28 weeks of GA was 87.2%. which was higher in Korea than

in other countries. For similar gestational age. the cesarean section rate for twins was 74.4% in

the USA and 61.8% in Australia and New Zealand.Similarly- ACS-therapy-was-signtficantly-

Despite the fact that these difference in characteristics between twins and singletons are observed
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in other studies, an increase in the proportion of the population exposed to ACS along with

variation in practice of neonatal care in each country might have complexly contributed to the

interaction between ACS and plurality as well as the inherent risk of a twin pregancy.ln-additions

mortality-than-their female peers:?! 22 Although we adjusted potential confounders which were

different between twins and singletons in the analyses, different population characteristics

between twins and singletons and/or between studies should be considered when interpreting our

Our study has several limitations. Firstly, the KNN registry had no information on chorionicity in

multiple pregnancies. Thus, we were unable to investigate the difference in the effect of ACS

therapy on neonatal outcomes according to chorionicity in twins. Secondly, although we used

prospective cohort data of preterm infants with VLBW for this studyaltheugh-we-used-a-

prospeetive-cohort-data-of-preterm-tnfants-with- VEB W -for-this-study, antenatal information

including ACS administration was collected retrospectively because preterm infants were
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enrolled after they were born. Therefore, it was unknown why ACS was not or incompletely
administered in infants who did not receive a complete course of ACS therapy. Notably, the

percentage of singletons without exposure to ACS was higher in this study than in other studies

Moreover, information on the total amount of ACS administered was not available in the KNN

registry database. Information on total amount of ACS administered will enable a more

quantitative analysis of effects of ACS therapy on neonatal outcomes. Lastly, in our cohort

56.6% of twins were conceived via IVF whereas only 7.1% of singletons were conceived via

eohort-Although preterm infants conceived via IVF are known to have comparable morbidity

and mortality with their peers conceived via natural pregnancy?3, higher proportion of IVF cases

among twins should be taken into account when interpreting our results.

Conclusion

Despite differences in demographic and clinical characteristics according to plurality-and-sex,

ACS therapy administered before birth had comparable positive effects on neonatal outcomes of

preterm infants with VLBW regardless of plurality.
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Figure Legends

Figure 1. Flow chart showing the selection of study population.

ACS, antenatal corticosteroid; VLBW, very low birth weight.

Figure 2. Forest plot showing results of logistic regression for effects of antenatal corticosteroids

and twins on neonatal outcomes.Ferest-plotshowing results-of logistic regression-analysis-of the-
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(1) 23 to 28 weeks of gestataional age. (2) 29 to 33 weeks of gestational age.

For each neonatal outcome, solid dots represent the aOR and lateral lines represent the 95% CI.

aAdjusted relative risk (RR) and 95% CI were obtained from Poisson regression models adjusted

for gestational age, birthweight, sex, maternal age, maternal diabetes mellitus, maternal

hypertension, premature rupture of membrane, cesarean section, and in vitro fertilization using

generalized estimation equations..

Abbreviations: ACS. antenatal corticosteroid; CI. confidence interval: IVH. intraventricular

hemorrhage: PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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ABSTRACT

Objective

To investigate whether effects of antenatal corticosteroids on neonatal outcomes in preterm

infants with very-low-birth-weight were different by plurality.

Design

Nationwide prospective cohort study

Setting

Not applicable

Patients

Twins and singletons with very-low-birth-weight (< 1,500 g) who were born between 23 and
33%6 weeks of gestation and registered in the Korean Neonatal Network from January 2014 to

December 2019

Main outcome measures

Morbidity and mortality before discharge from neonatal intensive care unit

Results

Among a total of 9,531 preterm infants with very-low-birth-weight, there were 2,364 (24.8%)

twins and 7,167 (75.2%) singletons. While 83.9% of singletons were exposed to at least one dose

of antenatal corticosteroids, so were 87.9% of twins.
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Interaction analysis demonstrated that there was no significant difference in the effect of
antenatal corticosteroids on morbidities or mortality between twins and singletons in either

gestational age group (23 to 28 weeks or 29 to 33 weeks).

Antenatal corticosteroids significantly decreased the risk of surfactant use (aRR: 0.972 [95% CI:

0.961 — 0.984]), high-grade intraventricular hemorrhage (aRR: 0.621 [95% CI: 0.487 — 0.794]),
periventricular leukomalacia (aRR: 0.728 [95% CI: 0.556 — 0.954]), and mortality (aRR: 0.758
[95% CI: 0.679 — 0.846]) in the gestational age group of 23 to 28 weeks. In the gestational age
group of 29 to 33 weeks, antenatal corticosteroids significantly decreased the risk of surfactant
use (aRR: 0.914 [95% CI: 0.862 — 0.970]) and mortality (aRR: 0.409 [95% CI: 0.269 — 0.624])

but increased the risk of sepsis (aRR: 1.416 [95% CI: 1.018 — 1.969]).

Conclusion

This study demonstrates that effect of antenatal corticosteroids on neonatal outcomes of preterm

infants with very-low-birth-weight does not differ significantly by plurality (twin or singleton

pregnancy).

Keywords: antenatal corticosteroids, preterm delivery, mortality, morbidity, twins, very low

birth weight infant

https://mc.manuscriptcentral.com/bmjpo

yBuAdoo Aq paroalold 1senb Aq £20z ‘6 Iudy uo /wod'lwg uadospaediway/:dny woly papeojumod ‘€20z Arenuer £2 Uo $5/T00-2202-0dlwa/9eTT 0T se paysignd isiy :odfug


http://bmjpaedsopen.bmj.com/

oNOYTULT D WN =

73

74

75

76

77

78

79

80

81

BMJ Paediatrics Open

Key messages

Why is already known on this topic?

Antenatal corticosteroids (ACS) administered before preterm delivery can decrease neonatal
morbidity and mortality in singleton pregnancies. However, data about such effects of ACS in

multiple pregnancies are still limited.

What this study adds?

The effect of antenatal corticosteroids administered before preterm delivery on neonatal

morbidity and mortality does not differ by plurality (twin or singleton pregnancy).
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Introduction

Antenatal corticosteroid (ACS) has been established as the standard therapy for pregnant
women at risk of preterm delivery within 7 days between 2470 and 33*° weeks of gestation.!
Currently, ACS is equally recommended for twin and singleton pregnancies with the same
regimen based on previous studies.>* A recent study has shown that a complete course of ACS
administered before preterm twin delivery is associated with a significant decrease in neonatal
mortality, short-term respiratory morbidity, and severe neurological injury in a magnitude similar
to those observed for a singleton pregnancy.? However, data that demonstrate comparable effects

of ACS therapy in twin pregnancies are limited.

As a result of increasing childbirth age and use of assisted reproductive technology, twin
pregnancies are increasing in many countries, including Korea.’ ® However, twin pregnancies are
more likely to have preterm birth, low birth weight, and longer hospital stays than singleton
pregnancies.’ 3 In addition, mono-chorionicity, birth weight discordance, and obstetric

complications associated with multiple pregnancies may result in adverse perinatal outcomes.”!!

Recently, the mortality of extreme preterm multiples has decreased to a level comparable to
that of singletons born at the same gestational age along with increased use of ACS therapy.!?
However, many studies have reported conflicting results regarding equivalent effects of ACS on
neonatal outcomes of twins and singletons.? 13-18 To date, there have been no clinical trials
designed to investigate the effect of ACS in twins. A meta-analysis on ACS therapy has also

highlighted the need for additional studies on multiple pregnancies.*
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Thus, the purpose of this study was to investigate whether effects of ACS administered before

preterm delivery on neonatal outcomes of twins and singletons were comparable.

Materials and Methods

Study design and participants

Information on the study population is presented in Figure 1. Data collected prospectively
through the Korean Neonatal Network (KNN), a nationwide very low birth weight (VLBW,
<1,500 g) infant registry participated by 61 neonatal intensive care units across South Korea,!”
were used for this study. A total of 11,121 infants with VLBW born preterm (between 23 and
33%6 weeks of gestation) between January 2014 and December 2019 were enrolled. Exclusion
criteria were: high-order multiple gestations (> triplets), birth outside the hospital, major
congenital anomalies, transfer to other hospitals, no or unreliable information on ACS. Finally,
2,364 twins and 7,167 singletons were analyzed. ACS therapy was defined if the pregnant
women had received at least one dose of any kind of corticosteroids before preterm delivery.
Variables collected included gestational age, birth weight, small for gestational age (SGA), sex,
maternal age, maternal diabetes mellitus (DM), maternal hypertension, chorioamnionitis,
premature rupture of membrane, cesarean section, in vitro fertilization (IVF), surfactant use,
sepsis, high-grade intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL),
surgically treated patent ductus arteriosus (PDA), bronchopulmonary dysplasia (BPD), advanced

retinopathy of prematurity (ROP), and mortality. Definitions for different variables are provided
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in Supplemental Materials. The analysis of neonatal morbidity was performed for infants who

survived before discharge, while the analysis of mortality was performed for the total population.

Statistical methods

Rates of neonatal outcomes between infants exposed to ACS and infants without such exposure
are presented along with risk difference and 95% confidence intervals (CI). To investigate
whether associations between ACS and neonatal outcomes were altered by plurality (twins
versus singletons), the interaction effect between ACS and twin pregnancies on neonatal
outcomes was evaluated by adding interaction terms (ACS X twins) in Poisson regression
models. The crude and adjusted relative risks (RR) and 95% CI for the individual effects of ACS

and twins were obtained in the second model without the interaction term.

All models were fitted with generalized estimation equations (GEE) approach for the correlation
between a pair of twins from a mother. Covariables in regression models were gestational age,
birth weight, sex, maternal age, maternal diabetes mellitus, maternal hypertension, premature
rupture of membrane, cesarean section, and in vitro fertilization. Chorioamnionitis was excluded

from the analyses due to substantial missing values (17.6% in twins and 14.5% in singletons).

For each outcomes, a backward-stepwise method was used to remove the variable with the
highest P value, and variables in final model were selected that showed minimal QIC (Quasi-
likelihood under the Independence model Criterion) value.?->> To confirm multi-collinearity,

variance inflation factors values were checked for all covariates, which were all less than 5,
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indicating no significant multi-collinearity (1.002~2.989). The level of significance was set at p
< 0.05. All statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk,
NY, USA) and ‘geepack’ and ‘car’ package R version 4.1.2 (The R Foundation for Statistical

Computing, Vienna, Austria).

Ethic approval

Registration of data in the KNN was approved by the Institutional Review Board (IRB) of each
participating center. Informed consent was obtained from parents of each infant prior to
participation in the KNN registry. This study was approved by the IRB of Seoul National

University Bundang Hospital (approval number: B-1305-202-005).

Results

Exposure to antenatal corticosteroids

Among 2,364 twins, 2,078 (87.9%) infants were exposed to at least one dose of ACS before
preterm delivery. Among 7,167 singletons, 6,013 (83.9%) infants were exposed to at least one

dose of ACS before preterm delivery (Figure 1).

Comparisons of perinatal baseline characteristics between infants exposed to antenatal

corticosteroids and infants without ACS exposure

9
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Twins exposed to ACS were born at a later gestational age (mean [SD], 28.08 (2.19) vs 27.75
(2.50) weeks) compared to those without ACS exposure (Table 1). However, there was no
difference in gestational age (mean [SD], 28.49 (2.52) vs 28.39 (2.78) weeks) or birth weight
(mean [SD], 1,060 (281) vs 1,073 (289) g) between singletons exposed to ACS and those without
ACS exposure. Singletons exposed to ACS had higher rates of maternal DM (9.9% vs 7.7%;
P=0.019), maternal hypertension (29.1% vs 24.8%; P=0.003), and cesarean section (77.1% vs
69.9%; P<0.001) than those without exposure. In both twins and singletons, infants exposed to
ACS were more likely to have higher rates of premature rupture of membrane and be conceived

through IVF from older mothers than those without exposure.
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Twins Singletons 8
(n=2,364) (n=17,167) N
ACS-exposed ACS-unexposed P value? ACS-exposed ACS-unexposeQAJi P value?
(n=2,078) (n=286) (n=6,013) (n=1,154) 5
Infant 3
Gestational age (weeks), 28.08 (2.19) 27.75 (2.50) 0.034 28.49 (2.52) 28.39 (2.78) 0.256
mean (SD) §
Birth weight (g), mean 1,059 (274) 1,034 (301) 0.186 1,060 (281) 1,073 (289)’U 0.138
(SD) g
SGA, n (%) 147 (7.1) 22 (7.7) 0.704 1080 (18.0) 199 (17.2) § 0.560
Male, n (%) 1079 (51.9) 143 (50.0) 0.541 3074 (51.1) 597 (51.7)8 0.708
Maternal e
Maternal age (years), mean 33.41 (3.80) 31.91 (4.66) <0.001 33.44 (4.43) 32.82 (4.92F <0.001
(SD) 3
Maternal diabetes mellitus, 238 (11.5) 26 (9.1) 0.221 597 (9.9) 89 (7.7) _g 0.019
n (%) <
Maternal hypertension, n 196 (9.5) 22 (7.7) 0.329 1749 (29.1) 286 (24. 8)§ 0.003
(%) 0
Chorioamnionitis®, n (%) 516 (29.9) 63 (28.0) 0.551 2084 (40.2) 351 (37.0) E 0.064
Premature rupture of 787 (38.1) 84 (29.9) 0.007 2334 (38.9) 312 (27.5)§ <0.001
membrane, n (%) e
Cesarean section, n (%) 1837 (88.4) 244 (85.3) 0.132 4634 (77.1) 807 (69.9) 'g <0.001
In vitro fertilization, n (%) 1152 (56.6) 128 (45.1) <0.001 494 (8.2) 51(44) = <0.001

Data are presented as mean (SD) or n (%).

3
Abbreviations: ACS, antenatal corticosteroids; SD, standard deviation; SGA, small for gestational age; IVHg intraventricular
hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.

o

1dy

aP value obtained from chi-squared test for categorical variables and Student’s #-test for continuous Varlableg

bValues were missing for 415 infants in the group of twins and 1039 infants in the group of singletons.
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Interaction between ACS and twins pregnancies on neonatal outcomes

We investigated whether effects of ACS on neonatal outcomes differed between twins and
singletons. Because neonatal outcomes are substantially dependent on gestational age,
comparison of ACS effects on neonatal outcomes by plurality was performed by stratifying the
study population into two gestation age groups: an age group of 23 to 28 weeks and an age group

of 29 to 33 weeks group.

Interaction analyses within 23 to 28 weeks (Table 2) and 29 to 33 weeks (Table 3) gestational
age groups found no significant difference in the association of ACS therapy with any neonatal

outcomes between twins and singletons (£>0.1 for all).
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Infants who survived before

ACS-exposed

ACS-unexposed

Risk difference, % (95 CI)

P value?

P value for

S
w
5
discharge (n = 4160) (n=3606) (n=554) 2 interaction®
Surfactant use, n (%) S
Total 3468/3606 (96.2%) 546/554 (98.6%) 2.4 (-3.6t0-1.2) 0.005 XN
Twin 952/991 (96.1%) 108/109 (99.1%) -3.0(-5.2t0 -0.9) 0.110 & 0.199
Singleton 2516/2615 (96.2%) 438/445 (98.4%) -2.2 (-3.6 t0 -0.8) 0.018 o ’
Sepsis, n (%) =
Total 985/3606 (27.3%) 166/554 (30.0%) -2.7(-6.7t0 1.4) 0.195 3
By numbers of fetus =
Twin 273/991 (27.5%) 32/109 (29.4%) -1.8 (-10.8 t0 7.2) 0.689 ; 0.706
Singleton 712/2615 (27.2%) 134/445 (30.1%) -29(-7.5t01.7) 0.209 S '
High-grade IVH, n (%) =
Total 313/3606 (8.7%) 79/554 (14.3%) -5.6 (-8.6 to -2.5) <0.001 ©
By numbers of fetus >
Twin 115/991 (11.6%) 15/109 (13.8%) -2.2(-8.9t0 4.6) 0.508 %- 0.224
Singleton 198/2615 (7.6%) 64/445 (14.4%) -6.8 (-10.2 to -3.4) <0.001 3 ’
Periventricular §
leukomalacia, n (%) g
Total 327/3606 (9.1%) 74/554 (13.4%) -43(-7.3t0-1.3) 0.001 Z
By numbers of fetus 3
Twin 86/991 (8.7%) 14/109 (12.8%) -4.2 (-10.7 to 2.4) 0.151 g 0.749
Singleton 241/2615 (9.2%) 60/445 (13.5%) -4.3 (-7.6 t0 -0.9) 0.005 3 ’
Surgically treated PDA, n S
(%) 1
Total 616/3606 (17.1%) 99/554 (17.9%) -0.8 (-4.2t02.6) 0.647 =
By numbers of fetus i
Twin 175/991 (17.7%) 23/109 (21.1%) -3.4 (-11.5t0 4.6) 0375 Q 0.400
Singleton 441/2615 (16.9%) 76/445 (17.1%) -0.2 (-4.0to0 3.6) 0911 g_ '
Necrotizing enterocolitis, Z
n (%) &
Total 268/3606 (7.4%) 36/554 (6.5%) 0.9 (-1.3t03.2) 0432 &
By numbers of fetus 6-?
Twin 72/991 (7.3%) 8/109 (7.3%) -0.07 (-5.2 to 5.1) 0.978 o) 0.479
Singleton 196/2615 (7.5%) 28/445 (6.3%) 1.2 (-1.3t0 3.7) 0.368 g ’
13 g
8
2
S
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§
1 N
o
2 =
\‘
3 Bronchopulmonary g
4 dysplasia, n (%) S
5 Total 1664/3606 (46.1%) 269/554 (48.6%) 2.4 (-6.9t02.1) 0290 N
6 By numbers of fetus o
7 Twin 437/991 (44.1%) 51/109 (46.8%) 2.7 (-12.6 t07.2) 0.591 2 0.986
8 Singleton 1227/2615 (46.9%) 218/445 (49.0%) 2.1 (-7.1 to 3.0) 0419 2 :
9 Advanced ROP, n (%) N
10 Total 769/3602 (21.3%) 113/554 (20.4%) 1.0 (-2.7 to 4.6) 0.610 R
11 By numbers of fetus o
12 Twin 232/990 (23.4%) 31/109 (28.4%) 5.0 (-13.9t03.9) 0245 ¢ 0158
13 Singleton 537/2612 (20.6% 82/445 (18.4% 2.1 (-1.8t06.1) 0301 2 )
£ Q
14 . _ ACS No ACS . . o o P value for
. All infants (n = 5407) (n=4587) (n=820) Risk difference, %(95 CI) P value @ interaction®
16 Mortality, n (%) =g
17 Total 981/4587 (21.4%) 266/820 (32.4%) -11.1 (-14.5 to -7.6) <0.001 3
18 By n}lmbers of fetus . . _g
19 Twin 265/1256 (21.1%) 65/174 (37.4%) -16.3 (-23.8 t0 -8.7) <0.001 £ 0.458
20 Singleton 716/3331 (21.5%) 201/646 (31.1%) 9.6 (-13.5 t0 -5.8) <0.001 3 :
21 Data are presented as n (%). ?ig
22 aTests for risk difference within each subgroup. %
23 b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values foﬁlnteractlon were
24 obtained from multivariable Poisson regression models using the generalized estimation equations. cr
25 Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; SGA, small for gestational age; IVH,;;ntraventrlcular
;? hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity. 3
28 S
29 182 .3.;
30 ©
31 . . . . N
32 Table 3. Comparisons of neonatal outcomes between infants exposed to ACS and infants without ACS expo@re in infants born
33 at 29 to 33 weeks of gestational age o
34 Q
Infants who survived before ACS-exposed ACS-unexposed L o . @ P-value for
22 discharge (n = 4,019) (n=3428) (n=591) Risk difference, % (95 CT) P-valuet & interaction®
37 Surfactant use, n (%) 6-?
38 Total 2240/3428 (65.3%) 402/591 (68.0%) -2.7(-6.8t0o 1.4) 0.206 §
39 By numbers of fetus o]
40 14 g
41 g
42 E
43 =
44
45 https://mc.manuscriptcentral.com/bmjpo
46
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Twin
Singleton
Sepsis, n (%)
Total
By numbers of fetus
Twin
Singleton
High-grade IVH, n (%)
Total
By numbers of fetus
Twin
Singleton
Periventricular
leukomalacia, n (%)
Total
By numbers of fetus
Twin
Singleton

Surgically treated PDA, n

(%)

Total

By numbers of fetus
Twin
Singleton

Necrotizing enterocolitis,

n (%)
Total
By numbers of fetus
Twin
Singleton
Bronchopulmonary
dysplasia, n (%)
Total
By numbers of fetus
Twin
Singleton
Advanced ROP, n (%)

583/801 (72.8)
1657/2627 (63.1)

376/3428 (11.0)

90/801 (11.2)
286/2627 (10.9)

53/3426 (1.5)
10/801 (1.2)
43/2625 (1.6)
179/3427 (5.2)
71/801 (8.9)
108/2626 (4.1)
95/3428 (2.8)
19/801 (2.4)
76/2627 (2.9)
85/3427 (2.5)
21/801 (2.6)
64/2626 (2.4)
524/3423 (15.3)

114/797 (14.3)
410/2626 (15.6)

BMJ Paediatrics Open

86/104 (82.7)
316/487 (64.9)

41/591 (6.9)

8/104 (7.7)
33/487 (6.8)

14/591 (2.4)
2/104 (1.9)
12/487 (2.5)
30/591 (5.1)
6/104 (5.8)
24/487 (4.9)
18/591 (3.0)
4/104 (3.8)
14/487 (2.9)
11/591 (1.9)
4/104 (3.8)
7/487 (1.4)

93/591 (15.7)

16/104 (15.4)
77/487 (15.8)

15

9.9 (-17.8 to -2.0)
1.8 (6.4 10 2.8)

4.0 (1.7 t0 6.3)

3.5(-2.0t09.1)
4.1 (1.6 to 6.6)

-0.8 (-2.1 0 0.5)
0.7 (3.4 t0 2.1)
-0.8 (-2.3 t0 0.6)
0.2 (-1.8t0 2.1)
3.1 (-1.8 t0 8.0)
-0.8 (-2.9 to 1.3)
0.3 (-1.8t0 1.2)
1.5 (-5.3 t0 2.4)
0.02 (-1.6 to 1.6)
0.6 (-0.6 to 1.8)
1.2 (-5.1 t0 2.6)
1(-0.2t02.2)
0.4 (-3.6 t0 2.8)

1.1 (-8.4 0 6.3)
-0.2 (-3.7 t0 3.3)
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0.003

0.274
0.006

0.150
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0.982

0.363

0.474
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0.768
0.912

‘1ybuAdoo Ag paraaiold 1senb Ag 1z0z ‘6 [idy uo jwod’[wg uadospaedlwqy/:dny wois papeojumoq ‘€20z Arenuer £z Uo 5/ T00-2zZ0z-odlwqy

0.243

0.966

0.742

0.492

0.955

0.492

0.834

Page 16 of 37


http://bmjpaedsopen.bmj.com/

o
Page 17 of 37 BMJ Paediatrics Open é
o
N
N
1 N
2 g
\‘
3 Total 45/3426 (1.3) 10/591 (1.7) 0.4 (-1.5 10 0.7) 0465 ¢
4 By numbers of fetus e
5 Twin 13/800 (1.6) 3/104 (2.9) 13 (-4.6102.1) 0.359 N 0200
6 Singleton 32/2626 (1.2) 7/487 (1.4) -0.2 (-1.4 10 0.9) 0.690 < :
7 . _ ACS No ACS o o 2 P value for
8 All infants (n = 4,124) (n=3504) (n=620) Risk difference, %(95 CI) P value E‘J‘ interaction®
9 Mortality, n (%) N
10 Total 76/3504 (2.2) 29/620 (4.7) 2.5 (-4.2 t0 -0.8) <0.001 8
11 By numbers of fetus o
12 Twin 21/822 (2.6) 8/112 (7.1) 4.6 (9.5 t0 0.3) 0.009 8 0722
13 Singleton 55/2682 (2.1) 21/508 (4.1) 2.1 (3.9 to-..6 -0.3) 0.005 3 :
14 Data are presented as n (%). §
15 aTests for risk difference within each subgroup. o
16 b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values foSinteraction were
1; obtained from multivariable Poisson regression models using the generalized estimation equations. =
19 Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; SGA, small for gestational age; IVH ;mtraventrlcular
20 hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity. E
e}
21 o
22 183 §
23 E
24 g
25 184 3
26 8
27 g
28 185 =
2 g
30 ©
31 186 I
32 N
~
33 3
34 Q
35 3
36 T
37 S
38 s
39 a
40 16 <
(@]
41 S
42 <
43 g
44 '
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Independent effects of ACS and twins on neonatal outcomes

In the second model excluding the interaction term, we calculated adjusted RR and 95% CI for
individual effects of ACS and twins on each neonatal outcome. In the age group of 23 to 28
weeks, exposure to ACS was significantly associated with a lower risk of surfactant use
(adjusted RR (aRR): 0.972 [95% CI: 0.961 — 0.984]), high-grade intraventricular hemorrhage
(aRR: 0.621 [95% CI: 0.487 — 0.794]), periventricular leukomalacia (aRR: 0.728 [95% CI: 0.556
—0.954]), and mortality (aRR: 0.758 [95% CI: 0.679 — 0.846]) (Figure 2A). Twin were
associated with higher risks of high-grade IVH (aRR: 1.466 [95% CI: 1.178 — 1.825]) and

advanced ROP (aRR: 1.193 [95% CI: 1.069 — 1.331]) than singletons.

In the age group of 29 to 33 weeks, exposure to ACS was significantly associated with lower
risks of surfactant use (aRR: 0.914 [95% CI: 0.862 — 0.970]) and mortality (aRR: 0.409 [95% CI:
0.269 — 0.624]), but a higher risk of sepsis (aRR: 1.416 [95% CI: 1.018 — 1.969]) (Figure 2B).
Twins showed a lower risk of BPD (aRR: 0.798 [95% CI: 0.648 — 0.982]), but a higher risk of

PVL (aRR: 1.735 [95% CI: 1.256 — 2.396]) than singletons.

Discussion

In this nationwide cohort study, we demonstrated that effects of ACS therapy administered
before preterm birth on neonatal outcomes were not significantly different by plurality. Mortality
and surfactant use were reduced by ACS exposure in both gestational age groups. ACS exposure
was associated with decreased risks of high-grade IVH and PVL in infants born at 23 to 28
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weeks of gestational age, but increased the risk of sepsis in infants born at 29 to 33 weeks of

gestational age.

ACS therapy for mothers at risk of impending preterm delivery is the most effective evidence-
based strategy to reduce the mortality and morbidity of their preterm offspring. However,
previous studies that investigated the association between ACS therapy and neonatal outcomes in

twin pregnancies not only reported conflicting results, but also lacked quantity.

A recent meta-analysis has reported that ACS therapy is associated with decreased neonatal
death, RDS, and intraventricular hemorrhage in singleton pregnancies, but not in multiple
pregnancies.* Furthermore, a randomized controlled trial on 311 twin infants who were delivered
before 34 weeks of gestation age showed that ACS therapy had no association with RDS or
composite neonatal morbidity.>* However, large population-based cohort studies from the mid-
2000s reported positive ACS effects in multiple pregnancies.?*26 A study of 750 twin infants
from France has reported that a complete course of ACS therapy administered within 7 days
before birth is associated with decreased rates of brain injury and mortality.?* Another study of
8,274 multiples from Italian Neonatal Network reported that ACS therapy reduced the risk of
severe IVH and mortality, although it was less effective in multiple pregnancies than in singleton
pregnancies.? A study of 2,516 twin infants from Canadian Neonatal Network has reported that
twins can benefit from a complete course of ACS therapy as good as singletons in short-term
respiratory morbidity, severe brain injury, and mortality.?® Consistent with results of these large
cohort studies, our study using the latest data from KNN revealed that the effectiveness of ACS

therapy in twins was comparable to that of singletons. Moreover, its benefits on mortality and
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morbidity were shown to be different by gestational groups.

Additionally, we found that twins had a higher rate of morbidity than singletons in this study.
Twins were associated with higher risks of high-grade IVH and advanced ROP in infants born at
23 to 28 weeks of GA and PVL in infants born at 29 to 33 weeks of GA than singletons.
Although twins are more likely to be delivered preterm than singletons, whether twin pregnancy
alone has such adverse effects on neonatal outcomes in preterm infants remains unknown.?’ In a
large study of infants born between 23 and 35 weeks of gestation, twins and singletons had
comparable average birth weights up to 32 weeks of gestation and similar neonatal outcomes.?®
One study from Australian and New Zealand Neonatal Network has found higher mortality, but
not morbidities, in twins than in singletons.'> Furthermore, two national cohort studies have
reported comparable risks for neonatal outcomes except for RDS between twins and singletons.?’
30 However, a population-based European cohort study showed that twins had higher risk for
mortality and high-grade IVH in infants born at 24 to 27 weeks of GA.!* Other studies have
revealed disparities in the rate of morbidity such as BPD and ROP between twins and

singletons.? 3!

Possible reasons for conflicting findings in twins include study design and changes in population
characteristics over time.??> We found that twins had lower rates of antenatal complications such
as maternal hypertension and chorioamnionitis, and higher rates of obstetric interventions,
including IVF, ACS, and cesarean section than singletons in both gestational age groups
(Supplemental Table 1). This trend has also been observed across other recent studies.!? 33 The

higher rate of IVF in twins reflect the current trend of childbirth in Korea.> The reason for higher
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ACS exposure in twins is currently unclear. However, more medical attention for twin
pregnancies might be one possible cause.** One noteworthy result was that the cesarean section
rate for twins born between 23 and 28 weeks of GA was 87.2%, which was higher in Korea than
in other countries. For similar gestational age, the cesarean section rate for twins was 74.4% in

the USA and 61.8% in Australia and New Zealand.!? 15

Despite the fact that these difference in characteristics between twins and singletons are observed
in other studies, an increase in the proportion of the population exposed to ACS along with
variation in practice of neonatal care in each country might have complexly contributed to the
interaction between ACS and plurality as well as the inherent risk of a twin pregancy.? Although
we adjusted potential confounders which were different between twins and singletons in the
analyses, different population characteristics between twins and singletons and/or between

studies should be considered when interpreting our results.

Our study has several limitations. Firstly, the KNN registry had no information about
chorionicity in multiple pregnancies. Thus, we were unable to investigate the difference in the
effect of ACS therapy on neonatal outcomes according to chorionicity in twins. Secondly,
although we used prospective cohort data of preterm infants with VLBW for this study, antenatal
information including ACS administration was collected retrospectively because preterm infants
were enrolled after they were born. Therefore, it was unknown why ACS was not or
incompletely administered in infants who did not receive a complete course of ACS therapy.
Notably, the percentage of singletons without exposure to ACS was higher in this study than in

other studies.3¢37 Moreover, information on the total amount of ACS administered was not
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available in the KNN registry database. Information on total amount of ACS administered will
enable a more quantitative analysis of effects of ACS therapy on neonatal outcomes. Lastly, in
our cohort, 56.6% of twins were conceived via IVF whereas only 7.1% of singletons were
conceived via IVF. Although preterm infants conceived via IVF are known to have comparable
morbidity and mortality with their peers conceived via natural pregnancy?®, higher proportion of

IVF cases among twins should be taken into account when interpreting our results.

Conclusion

Despite differences in demographic and clinical characteristics according to plurality, ACS
therapy administered before birth had comparable positive effects on neonatal outcomes of

preterm infants with VLBW regardless of plurality.
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Figure Legends

Figure 1. Flow chart showing the selection of study population.

ACS, antenatal corticosteroid; VLBW, very low birth weight.

Figure 2. Forest plot showing results of logistic regression for effects of antenatal corticosteroids

and twins on neonatal outcomes.

(A) 23 to 28 weeks of gestataional age. (B) 29 to 33 weeks of gestational age.

For each neonatal outcome, solid dots represent the aOR and lateral lines represent the 95% CI.
Adjusted relative risk (RR) and 95% CI were obtained from multivariable Poisson regression

models using generalized estimation equations..

Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; IVH, intraventricular

hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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Figure 1. Flow chart showing the selection of study population.
ACS, antenatal corticosteroid; VLBW, very low birth weight.
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Figure 2. Forest plot showing results of logistic regression for effects of antenatal corticosteroids and twins
on neonatal outcomes.
(A) 23 to 28 weeks of gestataional age. (B) 29 to 33 weeks of gestational age.

For each neonatal outcome, solid dots represent the aOR and lateral lines represent the 95% CI. Adjusted
relative risk (RR) and 95% CI were obtained from multivariable Poisson regression models using generalized
estimation equations..

Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; IVH, intraventricular hemorrhage;

PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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Supplemental text 1. The definition of variables

oNOYTULT D WN =

Small for gestational age (SGA) was defined as birth weight below the 10% percentile for

10 gestational age according to the Fenton growth chart.! Sepsis was defined as a case of

12 positive blood culture and requiring systemic antibiotics treatment for more than five days.
Chorioamnionitis was defined as histologic findings of acute inflammation in the chorion-

17 decidua, amnion, umbilical cord, and chorionic plate by pathologist at each participating

19 facility using the criteria of Salafia et al.> modified by Yoon et al.> Maternal hypertension

21 included pre-existing hypertension and/or pregnancy-induced hypertension. Maternal
diabetes mellitus (DM) included pre-existing and/or pregnancy-induced DM. High-grade

26 intraventricular hemorrhage (IVH) was defined as grade 3 or 4 IVH according to Papile’s

28 criteria.* Periventricular leukomalacia (PVL) was diagnosed based on brain ultrasound or
magnetic resonance imaging obtained at term-equivalent age. Only cystic lesions were

33 counted. Surgically treated patent ductus arteriosus (PDA) was defined as surgical ligation or
35 division of symptomatic PDA. Necrotizing enterocolitis (NEC) was diagnosed and staged
according to modified Bell’s criteria.> Only NEC of stage 2 or higher was counted.

40 Bronchopulmonary dysplasia (BPD) was defined as a need for supplementary oxygen at 36
42 weeks postmenstrual age (PMA) or discharge according to the National Heart, Lung, and

44 Blood Institute (NHLBI) workshop definition.® Advanced retinopathy of prematurity (ROP)
was defined as stage 3 or higher according to the International Classification for Retinopathy
49 of Prematurity’ or having an operation (cryotherapy, laser photocoagulation, or vitrectomy),

51 or intravitreal injection with anti-vascular endothelial growth factor.®
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Supplemental Table 1. Comparison of baseline characteristics between twins and singletons

[%Z uo #5/T00-2z0z-od!

23 — 28 weeks of gestational age 29 — 33 weeks of gestationd] age
Twin Singleton P value Twin Singleton & P value
(n = 1,430) (n=3,977) (n=934) (n=3,190) §
Infant i
Gestational age (weeks), 26.63 (1.64) 26.60 (1.58) 0.471 30.19 (0.91) 30.80 (1.34 0.001<
mean (SD) w
Birth weight (g), mean 917 (235) 913 (246) 0.581 1,268 (188) 1,248 (203)%0J 0.005
(SD) s
SGA, n (%) 75(5.2) 380 (9.6) 0.001< 94 (10.1) 899 (28.2) 8 0.001<
Male, n (%) 775 (54.2) 2,107 (53.0) 0.434 447 (47.9) 1,564 (49.0& 0.529
Maternal =
Maternal age (years), mean 33.05 (4.04) 33.33 (4.51) 0.031 33.51 (3.79) 33.36 (4.52g 0.305
(SD) =
Maternal diabetes mellitus, 138 (9.7) 348 (8.8) 0.268 126 (13.5) 338 (10. 6)'§ 0.013
n (%) S
Maternal hypertension, n 74 (5.2) 678 (17.0) 0.001< 144 (15.5) 1357 (42. S)E 0.001<
(%) @
Chorioamnionitis?, n (%) 446 (37.2) 1701 (49.9) 0.001< 133 (17.7) 734 (27.0 § 0.001<
Premature rupture of 524 (37.0) 1770 (44.8) 0.001< 347 (37.4) 876 (27.6)3 0.001<
membrane, n (%) g.
Cesarean section, n (%) 1247 (87.2) 2823 (71.0) 0.001< 834 (89.3) 2618 (82.1)3. 0.001<
In vitro fertilization, n (%) 768 (54.8) 348 (8.8) 0.001< 512 (55.8) 197 (6.2) 8 0.001<
Antenatal corticosteroid, n 1256 (87.8) 3331 (83.8) 0.001< 822 (88.0) 2,682 (84.18. 0.003
(%) S
Data are presented as mean (SD) or n (%). %?

Abbreviations: ACS, antenatal corticosteroid; SGA, small for gestational age; IVH, intraventricular hemonhage PDA,

20¢e

patent ductus arteriosus; ROP, retinopathy of prematurity.

2 Values were missing for 797 infants in the group with 23 to 28 weeks of gestational age and 657 infants 1 i the group with

29 to 33 weeks of gestational age.
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ABSTRACT

Objective

To investigate whether effects of antenatal corticosteroids on neonatal outcomes in preterm

infants with very-low-birth-weight were different by plurality.

Design

Nationwide prospective cohort study

Setting

Not applicable

Patients

Twins and singletons with very-low-birth-weight (< 1,500 g) who were born between 23 and
33%6 weeks of gestation and registered in the Korean Neonatal Network from January 2014 to

December 2019

Main outcome measures

Morbidity and mortality before discharge from neonatal intensive care unit

Results

Among a total of 9,531 preterm infants with very-low-birth-weight, there were 2,364 (24.8%)

twins and 7,167 (75.2%) singletons. While 83.9% of singletons were exposed to at least one dose

of antenatal corticosteroids, so were 87.9% of twins.

3
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Interaction analysis demonstrated that there was no significant difference in the effect of
antenatal corticosteroids on morbidities or mortality between twins and singletons in either

gestational age group (23 to 28 weeks or 29 to 33 weeks).

Antenatal corticosteroids significantly decreased the risk of surfactant use (aRR: 0.972 [95% CI:

0.961 — 0.984]), high-grade intraventricular hemorrhage (aRR: 0.621 [95% CI: 0.487 — 0.794]),
periventricular leukomalacia (aRR: 0.728 [95% CI: 0.556 — 0.954]), and mortality (aRR: 0.758
[95% CI: 0.679 — 0.846]) in the gestational age group of 23 to 28 weeks. In the gestational age
group of 29 to 33 weeks, antenatal corticosteroids significantly decreased the risk of surfactant
use (aRR: 0.914 [95% CI: 0.862 — 0.970]) and mortality (aRR: 0.409 [95% CI: 0.269 — 0.624])

but increased the risk of sepsis (aRR: 1.416 [95% CI: 1.018 — 1.969]).

Conclusion

This study demonstrates that effect of antenatal corticosteroids on neonatal outcomes of preterm

infants with very-low-birth-weight does not differ significantly by plurality (twin or singleton

pregnancy).

Keywords: antenatal corticosteroids, preterm delivery, mortality, morbidity, twins, very low

birth weight infant
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Key messages

Why is already known on this topic?

Antenatal corticosteroids (ACS) administered before preterm delivery can decrease neonatal
morbidity and mortality in singleton pregnancies. However, data about such effects of ACS in

multiple pregnancies are still limited.

What this study adds?

The effect of antenatal corticosteroids administered before preterm delivery on neonatal

morbidity and mortality does not differ by plurality (twin or singleton pregnancy).

Infants exposed to ACS were more likely to survive and require less surfactant therapy in both

23 to 28 weeks and 29 to 33 weeks gestational age groups.

How this study might affect research, practice or policy?

This study highlights the need for further investigation to fully understand effects of ACS in

multiple pregnancies, given the increasing prevalence of multiple pregnancies worldwide.
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Introduction

Antenatal corticosteroid (ACS) has been established as the standard therapy for pregnant
women at risk of preterm delivery within 7 days between 2470 and 33*° weeks of gestation.!
Currently, ACS is equally recommended for twin and singleton pregnancies with the same
regimen based on previous studies.>* A recent study has shown that a complete course of ACS
administered before preterm twin delivery is associated with a significant decrease in neonatal
mortality, short-term respiratory morbidity, and severe neurological injury in a magnitude similar
to those observed for a singleton pregnancy.? However, data that demonstrate comparable effects

of ACS therapy in twin pregnancies are limited.

As a result of increasing childbirth age and use of assisted reproductive technology, twin
pregnancies are increasing in many countries, including Korea.’ ® However, twin pregnancies are
more likely to have preterm birth, low birth weight, and longer hospital stays than singleton
pregnancies.’ 3 In addition, mono-chorionicity, birth weight discordance, and obstetric

complications associated with multiple pregnancies may result in adverse perinatal outcomes.”!!

Recently, the mortality of extreme preterm multiples has decreased to a level comparable to
that of singletons born at the same gestational age along with increased use of ACS therapy.!?
However, many studies have reported conflicting results regarding equivalent effects of ACS on
neonatal outcomes of twins and singletons.? 13-18 To date, there have been no clinical trials
designed to investigate the effect of ACS in twins. A meta-analysis on ACS therapy has also

highlighted the need for additional studies on multiple pregnancies.*
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Thus, the purpose of this study was to investigate whether effects of ACS administered before

preterm delivery on neonatal outcomes of twins and singletons were comparable.

Materials and Methods

Study design and participants

Information on the study population is presented in Figure 1. Data collected prospectively
through the Korean Neonatal Network (KNN), a nationwide very low birth weight (VLBW,
<1,500 g) infant registry participated by 61 neonatal intensive care units across South Korea,!”
were used for this study. A total of 11,121 infants with VLBW born preterm (between 23 and
33%6 weeks of gestation) between January 2014 and December 2019 were enrolled. Exclusion
criteria were: high-order multiple gestations (> triplets), birth outside the hospital, major
congenital anomalies, transfer to other hospitals, no or unreliable information on ACS. Finally,
2,364 twins and 7,167 singletons were analyzed. ACS therapy was defined if the pregnant
women had received at least one dose of any kind of corticosteroids before preterm delivery.
Variables collected included gestational age, birth weight, small for gestational age (SGA), sex,
maternal age, maternal diabetes mellitus (DM), maternal hypertension, chorioamnionitis,
premature rupture of membrane, cesarean section, in vitro fertilization (IVF), surfactant use,
sepsis, high-grade intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL),
surgically treated patent ductus arteriosus (PDA), bronchopulmonary dysplasia (BPD), advanced

retinopathy of prematurity (ROP), and mortality. Definitions for different variables are provided

https://mc.manuscriptcentral.com/bmjpo
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in Supplemental Materials. The analysis of neonatal morbidity was performed for infants who

survived before discharge, while the analysis of mortality was performed for the total population.

Patent and public involvement

Patient and/or the public were not involved in the design, or recruitment, or conduct, or

reporting, or dissemination of plans of the study.

Statistical methods

Rates of neonatal outcomes between infants exposed to ACS and infants without such exposure
are presented along with risk difference and 95% confidence intervals (CI). To investigate
whether associations between ACS and neonatal outcomes were altered by plurality (twins
versus singletons), the interaction effect between ACS and twin pregnancies on neonatal
outcomes was evaluated by adding interaction terms (ACS X twins) in Poisson regression
models. The crude and adjusted relative risks (RR) and 95% CI for the individual effects of ACS

and twins were obtained in the second model without the interaction term.

All models were fitted with generalized estimation equations (GEE) approach for the correlation
between a pair of twins from a mother. Covariables in regression models were gestational age,
birth weight, sex, maternal age, maternal diabetes mellitus, maternal hypertension, premature

rupture of membrane, cesarean section, and in vitro fertilization. Chorioamnionitis was excluded

https://mc.manuscriptcentral.com/bmjpo
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from the analyses due to substantial missing values (17.6% in twins and 14.5% in singletons).

For each outcomes, a backward-stepwise method was used to remove the variable with the
highest P value, and variables in final model were selected that showed minimal QIC (Quasi-
likelihood under the Independence model Criterion) value.?2> To confirm multi-collinearity,
variance inflation factors values were checked for all covariates, which were all less than 5,
indicating no significant multi-collinearity (1.002~2.989). The level of significance was set at p
< 0.05. All statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk,
NY, USA) and ‘geepack’ and ‘car’ package R version 4.1.2 (The R Foundation for Statistical

Computing, Vienna, Austria).

Ethic approval

Registration of data in the KNN was approved by the Institutional Review Board (IRB) of each
participating center. Informed consent was obtained from parents of each infant prior to
participation in the KNN registry. This study was approved by the IRB of Seoul National

University Bundang Hospital (approval number: B-1305-202-005).

Results

Exposure to antenatal corticosteroids

Among 2,364 twins, 2,078 (87.9%) infants were exposed to at least one dose of ACS before

https://mc.manuscriptcentral.com/bmjpo
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preterm delivery. Among 7,167 singletons, 6,013 (83.9%) infants were exposed to at least one

dose of ACS before preterm delivery (Figure 1).

Comparisons of perinatal baseline characteristics between infants exposed to antenatal

corticosteroids and infants without ACS exposure

Twins exposed to ACS were born at a later gestational age (mean [SD], 28.08 (2.19) vs 27.75
(2.50) weeks) compared to those without ACS exposure (Table 1). However, there was no
difference in gestational age (mean [SD], 28.49 (2.52) vs 28.39 (2.78) weeks) or birth weight
(mean [SD], 1,060 (281) vs 1,073 (289) g) between singletons exposed to ACS and those without
ACS exposure. Singletons exposed to ACS had higher rates of maternal DM (9.9% vs 7.7%;
P=0.019), maternal hypertension (29.1% vs 24.8%; P=0.003), and cesarean section (77.1% vs
69.9%; P<0.001) than those without exposure. In both twins and singletons, infants exposed to
ACS were more likely to have higher rates of premature rupture of membrane and be conceived

through IVF from older mothers than those without exposure.

10
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Twins Singletons 8
(n=2,364) (n=17,167) N
ACS-exposed ACS-unexposed P value? ACS-exposed ACS-unexposeQAJi P value?
(n=2,078) (n=286) (n=6,013) (n=1,154) 5
Infant 3
Gestational age (weeks), 28.08 (2.19) 27.75 (2.50) 0.034 28.49 (2.52) 28.39 (2.78) 0.256
mean (SD) §
Birth weight (g), mean 1,059 (274) 1,034 (301) 0.186 1,060 (281) 1,073 (289)’U 0.138
(SD) g
SGA, n (%) 147 (7.1) 22 (7.7) 0.704 1080 (18.0) 199 (17.2) § 0.560
Male, n (%) 1079 (51.9) 143 (50.0) 0.541 3074 (51.1) 597 (51.7)8 0.708
Maternal e
Maternal age (years), mean 33.41 (3.80) 31.91 (4.66) <0.001 33.44 (4.43) 32.82 (4.92F <0.001
(SD) 3
Maternal diabetes mellitus, 238 (11.5) 26 (9.1) 0.221 597 (9.9) 89 (7.7) _g 0.019
n (%) <
Maternal hypertension, n 196 (9.5) 22 (7.7) 0.329 1749 (29.1) 286 (24. 8)§ 0.003
(%) 0
Chorioamnionitis®, n (%) 516 (29.9) 63 (28.0) 0.551 2084 (40.2) 351 (37.0) E 0.064
Premature rupture of 787 (38.1) 84 (29.9) 0.007 2334 (38.9) 312 (27.5)§ <0.001
membrane, n (%) e
Cesarean section, n (%) 1837 (88.4) 244 (85.3) 0.132 4634 (77.1) 807 (69.9) 'g <0.001
In vitro fertilization, n (%) 1152 (56.6) 128 (45.1) <0.001 494 (8.2) 51(44) = <0.001

Data are presented as mean (SD) or n (%).

3
Abbreviations: ACS, antenatal corticosteroids; SD, standard deviation; SGA, small for gestational age; IVHg intraventricular
hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.

o

1dy

aP value obtained from chi-squared test for categorical variables and Student’s #-test for continuous Varlableg

bValues were missing for 415 infants in the group of twins and 1039 infants in the group of singletons.
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Interaction between ACS and twins pregnancies on neonatal outcomes

We investigated whether effects of ACS on neonatal outcomes differed between twins and
singletons. Because neonatal outcomes are substantially dependent on gestational age,
comparison of ACS effects on neonatal outcomes by plurality was performed by stratifying the
study population into two gestation age groups: an age group of 23 to 28 weeks and an age group

of 29 to 33 weeks group.

Interaction analyses within 23 to 28 weeks (Table 2) and 29 to 33 weeks (Table 3) gestational
age groups found no significant difference in the association of ACS therapy with any neonatal

outcomes between twins and singletons (£>0.1 for all).
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Infants who survived before

ACS-exposed

ACS-unexposed

Risk difference, % (95 CI)

P value?

P value for

S
w
5
discharge (n = 4160) (n=3606) (n=554) 2 interaction®
Surfactant use, n (%) S
Total 3468/3606 (96.2%) 546/554 (98.6%) 2.4 (-3.6t0-1.2) 0.005 XN
Twin 952/991 (96.1%) 108/109 (99.1%) -3.0(-5.2t0 -0.9) 0.110 & 0.199
Singleton 2516/2615 (96.2%) 438/445 (98.4%) -2.2 (-3.6 t0 -0.8) 0.018 o ’
Sepsis, n (%) =
Total 985/3606 (27.3%) 166/554 (30.0%) -2.7(-6.7t0 1.4) 0.195 3
By numbers of fetus =
Twin 273/991 (27.5%) 32/109 (29.4%) -1.8 (-10.8 t0 7.2) 0.689 ; 0.706
Singleton 712/2615 (27.2%) 134/445 (30.1%) -29(-7.5t01.7) 0.209 S '
High-grade IVH, n (%) =
Total 313/3606 (8.7%) 79/554 (14.3%) -5.6 (-8.6 to -2.5) <0.001 ©
By numbers of fetus >
Twin 115/991 (11.6%) 15/109 (13.8%) -2.2(-8.9t0 4.6) 0.508 %- 0.224
Singleton 198/2615 (7.6%) 64/445 (14.4%) -6.8 (-10.2 to -3.4) <0.001 3 ’
Periventricular §
leukomalacia, n (%) g
Total 327/3606 (9.1%) 74/554 (13.4%) -43(-7.3t0-1.3) 0.001 Z
By numbers of fetus 3
Twin 86/991 (8.7%) 14/109 (12.8%) -4.2 (-10.7 to 2.4) 0.151 g 0.749
Singleton 241/2615 (9.2%) 60/445 (13.5%) -4.3 (-7.6 t0 -0.9) 0.005 3 ’
Surgically treated PDA, n S
(%) 1
Total 616/3606 (17.1%) 99/554 (17.9%) -0.8 (-4.2t02.6) 0.647 =
By numbers of fetus i
Twin 175/991 (17.7%) 23/109 (21.1%) -3.4 (-11.5t0 4.6) 0375 Q 0.400
Singleton 441/2615 (16.9%) 76/445 (17.1%) -0.2 (-4.0to0 3.6) 0911 g_ '
Necrotizing enterocolitis, Z
n (%) &
Total 268/3606 (7.4%) 36/554 (6.5%) 0.9 (-1.3t03.2) 0432 &
By numbers of fetus 6-?
Twin 72/991 (7.3%) 8/109 (7.3%) -0.07 (-5.2 to 5.1) 0.978 o) 0.479
Singleton 196/2615 (7.5%) 28/445 (6.3%) 1.2 (-1.3t0 3.7) 0.368 g ’
13 g
8
2
S
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o
§
1 N
o
2 =
\‘
3 Bronchopulmonary g
4 dysplasia, n (%) S
5 Total 1664/3606 (46.1%) 269/554 (48.6%) 2.4 (-6.9t02.1) 0290 N
6 By numbers of fetus o
7 Twin 437/991 (44.1%) 51/109 (46.8%) 2.7 (-12.6 t07.2) 0.591 2 0.986
8 Singleton 1227/2615 (46.9%) 218/445 (49.0%) 2.1 (-7.1 to 3.0) 0419 2 :
9 Advanced ROP, n (%) N
10 Total 769/3602 (21.3%) 113/554 (20.4%) 1.0 (-2.7 to 4.6) 0.610 R
11 By numbers of fetus o
12 Twin 232/990 (23.4%) 31/109 (28.4%) 5.0 (-13.9t03.9) 0245 ¢ 0158
13 Singleton 537/2612 (20.6% 82/445 (18.4% 2.1 (-1.8t06.1) 0301 2 )
£ Q
14 . _ ACS No ACS . . o o P value for
. All infants (n = 5407) (n=4587) (n=820) Risk difference, %(95 CI) P value @ interaction®
16 Mortality, n (%) =g
17 Total 981/4587 (21.4%) 266/820 (32.4%) -11.1 (-14.5 to -7.6) <0.001 3
18 By n}lmbers of fetus . . _g
19 Twin 265/1256 (21.1%) 65/174 (37.4%) -16.3 (-23.8 t0 -8.7) <0.001 £ 0.458
20 Singleton 716/3331 (21.5%) 201/646 (31.1%) 9.6 (-13.5 t0 -5.8) <0.001 3 :
21 Data are presented as n (%). ?ig
22 aTests for risk difference within each subgroup. %
23 b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values foﬁlnteractlon were
24 obtained from multivariable Poisson regression models using the generalized estimation equations. cr
25 Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; SGA, small for gestational age; IVH,;;ntraventrlcular
;? hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity. 3
28 S
29 193 .3.;
30 ©
31 . . . . N
32 Table 3. Comparisons of neonatal outcomes between infants exposed to ACS and infants without ACS expo@re in infants born
33 at 29 to 33 weeks of gestational age o
34 Q
Infants who survived before ACS-exposed ACS-unexposed L o . @ P-value for
22 discharge (n = 4,019) (n=3428) (n=591) Risk difference, % (95 CT) P-valuet & interaction®
37 Surfactant use, n (%) 6-?
38 Total 2240/3428 (65.3%) 402/591 (68.0%) -2.7(-6.8t0o 1.4) 0.206 §
39 By numbers of fetus o]
40 14 g
41 g
42 E
43 =
44
45 https://mc.manuscriptcentral.com/bmjpo
46
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Twin
Singleton
Sepsis, n (%)
Total
By numbers of fetus
Twin
Singleton
High-grade IVH, n (%)
Total
By numbers of fetus
Twin
Singleton
Periventricular
leukomalacia, n (%)
Total
By numbers of fetus
Twin
Singleton

Surgically treated PDA, n

(%)

Total

By numbers of fetus
Twin
Singleton

Necrotizing enterocolitis,

n (%)
Total
By numbers of fetus
Twin
Singleton
Bronchopulmonary
dysplasia, n (%)
Total
By numbers of fetus
Twin
Singleton
Advanced ROP, n (%)

583/801 (72.8)
1657/2627 (63.1)

376/3428 (11.0)

90/801 (11.2)
286/2627 (10.9)

53/3426 (1.5)
10/801 (1.2)
43/2625 (1.6)
179/3427 (5.2)
71/801 (8.9)
108/2626 (4.1)
95/3428 (2.8)
19/801 (2.4)
76/2627 (2.9)
85/3427 (2.5)
21/801 (2.6)
64/2626 (2.4)
524/3423 (15.3)

114/797 (14.3)
410/2626 (15.6)

BMJ Paediatrics Open

86/104 (82.7)
316/487 (64.9)

41/591 (6.9)

8/104 (7.7)
33/487 (6.8)

14/591 (2.4)
2/104 (1.9)
12/487 (2.5)
30/591 (5.1)
6/104 (5.8)
24/487 (4.9)
18/591 (3.0)
4/104 (3.8)
14/487 (2.9)
11/591 (1.9)
4/104 (3.8)
7/487 (1.4)

93/591 (15.7)

16/104 (15.4)
77/487 (15.8)

15

9.9 (-17.8 to -2.0)
1.8 (6.4 10 2.8)

4.0 (1.7 t0 6.3)

3.5(-2.0t09.1)
4.1 (1.6 to 6.6)

-0.8 (-2.1 0 0.5)
0.7 (3.4 t0 2.1)
-0.8 (-2.3 t0 0.6)
0.2 (-1.8t0 2.1)
3.1 (-1.8 t0 8.0)
-0.8 (-2.9 to 1.3)
0.3 (-1.8t0 1.2)
1.5 (-5.3 t0 2.4)
0.02 (-1.6 to 1.6)
0.6 (-0.6 to 1.8)
1.2 (-5.1 t0 2.6)
1(-0.2t02.2)
0.4 (-3.6 t0 2.8)

1.1 (-8.4 0 6.3)
-0.2 (-3.7 t0 3.3)

https://mc.manuscriptcentral.com/bmjpo

0.030
0.446

0.003

0.274
0.006

0.150

0.572

0.204

0.882

0.287

0.412

0.709

0.369

0.982

0.363

0.474

0.175

0.790

0.768
0.912
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o
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o
N
N
1 N
2 g
\‘
3 Total 45/3426 (1.3) 10/591 (1.7) 0.4 (-1.5 10 0.7) 0465 ¢
4 By numbers of fetus e
5 Twin 13/800 (1.6) 3/104 (2.9) 13 (-4.6102.1) 0.359 N 0200
6 Singleton 32/2626 (1.2) 7/487 (1.4) -0.2 (-1.4 10 0.9) 0.690 < :
7 . _ ACS No ACS o o 2 P value for
8 All infants (n = 4,124) (n=3504) (n=620) Risk difference, %(95 CI) P value E‘J‘ interaction®
9 Mortality, n (%) N
10 Total 76/3504 (2.2) 29/620 (4.7) 2.5 (-4.2 t0 -0.8) <0.001 8
11 By numbers of fetus o
12 Twin 21/822 (2.6) 8/112 (7.1) 4.6 (-9.5t0 0.3) 0.009 g 0722
13 Singleton 55/2682 (2.1) 21/508 (4.1) 2.1 (3.9 to-..6 -0.3) 0.005 3 :
14 Data are presented as n (%). §
15 aTests for risk difference within each subgroup. o
16 b Tests for interaction between antenatal corticosteroids and twin pregnancies on each outcome. P-values foSinteraction were
1; obtained from multivariable Poisson regression models using the generalized estimation equations. =
19 Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; SGA, small for gestational age; IVH ;mtraventrlcular
20 hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity. %
21 o
22 194 a
23 E
24 g
25 195 3
26 8
27 g
28 196 5
2 g
30 ©
31 197 I
N
32 N
33 3
34 Q
35 3
36 T
37 S
38 s
39 a
40 16 <
41 g
42 =
43 g
44 '
45 https://mc.manuscriptcentral.com/bmjpo
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Independent effects of ACS and twins on neonatal outcomes

In the second model excluding the interaction term, we calculated adjusted RR and 95% CI for
individual effects of ACS and twins on each neonatal outcome. In the age group of 23 to 28
weeks, exposure to ACS was significantly associated with a lower risk of surfactant use
(adjusted RR (aRR): 0.972 [95% CI: 0.961 — 0.984]), high-grade intraventricular hemorrhage
(aRR: 0.621 [95% CI: 0.487 — 0.794]), periventricular leukomalacia (aRR: 0.728 [95% CI: 0.556
—0.954]), and mortality (aRR: 0.758 [95% CI: 0.679 — 0.846]) (Figure 2A). Twin were
associated with higher risks of high-grade IVH (aRR: 1.466 [95% CI: 1.178 — 1.825]) and

advanced ROP (aRR: 1.193 [95% CI: 1.069 — 1.331]) than singletons.

In the age group of 29 to 33 weeks, exposure to ACS was significantly associated with lower
risks of surfactant use (aRR: 0.914 [95% CI: 0.862 — 0.970]) and mortality (aRR: 0.409 [95% CI:
0.269 — 0.624]), but a higher risk of sepsis (aRR: 1.416 [95% CI: 1.018 — 1.969]) (Figure 2B).
Twins showed a lower risk of BPD (aRR: 0.798 [95% CI: 0.648 — 0.982]), but a higher risk of

PVL (aRR: 1.735 [95% CI: 1.256 — 2.396]) than singletons.

Discussion

In this nationwide cohort study, we demonstrated that effects of ACS therapy administered
before preterm birth on neonatal outcomes were not significantly different by plurality. Mortality
and surfactant use were reduced by ACS exposure in both gestational age groups. ACS exposure
was associated with decreased risks of high-grade IVH and PVL in infants born at 23 to 28
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weeks of gestational age, but increased the risk of sepsis in infants born at 29 to 33 weeks of

gestational age.

ACS therapy for mothers at risk of impending preterm delivery is the most effective evidence-
based strategy to reduce the mortality and morbidity of their preterm offspring. However,
previous studies that investigated the association between ACS therapy and neonatal outcomes in

twin pregnancies not only reported conflicting results, but also lacked quantity.

A recent meta-analysis has reported that ACS therapy is associated with decreased neonatal
death, RDS, and intraventricular hemorrhage in singleton pregnancies, but not in multiple
pregnancies.* Furthermore, a randomized controlled trial on 311 twin infants who were delivered
before 34 weeks of gestation age showed that ACS therapy had no association with RDS or
composite neonatal morbidity.>* However, large population-based cohort studies from the mid-
2000s reported positive ACS effects in multiple pregnancies.?*26 A study of 750 twin infants
from France has reported that a complete course of ACS therapy administered within 7 days
before birth is associated with decreased rates of brain injury and mortality.?* Another study of
8,274 multiples from Italian Neonatal Network reported that ACS therapy reduced the risk of
severe IVH and mortality, although it was less effective in multiple pregnancies than in singleton
pregnancies.? A study of 2,516 twin infants from Canadian Neonatal Network has reported that
twins can benefit from a complete course of ACS therapy as good as singletons in short-term
respiratory morbidity, severe brain injury, and mortality.?® Consistent with results of these large
cohort studies, our study using the latest data from KNN revealed that the effectiveness of ACS

therapy in twins was comparable to that of singletons. Moreover, its benefits on mortality and
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morbidity were shown to be different by gestational groups.

Additionally, we found that twins had a higher rate of morbidity than singletons in this study.
Twins were associated with higher risks of high-grade IVH and advanced ROP in infants born at
23 to 28 weeks of GA and PVL in infants born at 29 to 33 weeks of GA than singletons.
Although twins are more likely to be delivered preterm than singletons, whether twin pregnancy
alone has such adverse effects on neonatal outcomes in preterm infants remains unknown.?’ In a
large study of infants born between 23 and 35 weeks of gestation, twins and singletons had
comparable average birth weights up to 32 weeks of gestation and similar neonatal outcomes.?®
One study from Australian and New Zealand Neonatal Network has found higher mortality, but
not morbidities, in twins than in singletons.'> Furthermore, two national cohort studies have
reported comparable risks for neonatal outcomes except for RDS between twins and singletons.?’
30 However, a population-based European cohort study showed that twins had higher risk for
mortality and high-grade IVH in infants born at 24 to 27 weeks of GA.!* Other studies have
revealed disparities in the rate of morbidity such as BPD and ROP between twins and

singletons.? 3!

Possible reasons for conflicting findings in twins include study design and changes in population
characteristics over time.??> We found that twins had lower rates of antenatal complications such
as maternal hypertension and chorioamnionitis, and higher rates of obstetric interventions,
including IVF, ACS, and cesarean section than singletons in both gestational age groups
(Supplemental Table 1). This trend has also been observed across other recent studies.!? 33 The

higher rate of IVF in twins reflect the current trend of childbirth in Korea.> The reason for higher
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ACS exposure in twins is currently unclear. However, more medical attention for twin
pregnancies might be one possible cause.** One noteworthy result was that the cesarean section
rate for twins born between 23 and 28 weeks of GA was 87.2%, which was higher in Korea than
in other countries. For similar gestational age, the cesarean section rate for twins was 74.4% in

the USA and 61.8% in Australia and New Zealand.!? 15

Despite the fact that these difference in characteristics between twins and singletons are observed
in other studies, an increase in the proportion of the population exposed to ACS along with
variation in practice of neonatal care in each country might have complexly contributed to the
interaction between ACS and plurality as well as the inherent risk of a twin pregancy.? Although
we adjusted potential confounders which were different between twins and singletons in the
analyses, different population characteristics between twins and singletons and/or between

studies should be considered when interpreting our results.

Our study has several limitations. Firstly, the KNN registry had no information about
chorionicity in multiple pregnancies. Thus, we were unable to investigate the difference in the
effect of ACS therapy on neonatal outcomes according to chorionicity in twins. Secondly,
although we used prospective cohort data of preterm infants with VLBW for this study, antenatal
information including ACS administration was collected retrospectively because preterm infants
were enrolled after they were born. Therefore, it was unknown why ACS was not or
incompletely administered in infants who did not receive a complete course of ACS therapy.
Notably, the percentage of singletons without exposure to ACS was higher in this study than in

other studies.3¢37 Moreover, information on the total amount of ACS administered was not
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available in the KNN registry database. Information on total amount of ACS administered will
enable a more quantitative analysis of effects of ACS therapy on neonatal outcomes. Lastly, in
our cohort, 56.6% of twins were conceived via IVF whereas only 7.1% of singletons were
conceived via IVF. Although preterm infants conceived via IVF are known to have comparable
morbidity and mortality with their peers conceived via natural pregnancy?®, higher proportion of

IVF cases among twins should be taken into account when interpreting our results.

Conclusion

Despite differences in demographic and clinical characteristics according to plurality, ACS
therapy administered before birth had comparable positive effects on neonatal outcomes of

preterm infants with VLBW regardless of plurality.
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Figure Legends

Figure 1. Flow chart showing the selection of study population.

ACS, antenatal corticosteroid; VLBW, very low birth weight.

Figure 2. Forest plot showing results of logistic regression for effects of antenatal corticosteroids

and twins on neonatal outcomes.

(A) 23 to 28 weeks of gestataional age. (B) 29 to 33 weeks of gestational age.

For each neonatal outcome, solid dots represent the aOR and lateral lines represent the 95% CI.
Adjusted relative risk (RR) and 95% CI were obtained from multivariable Poisson regression

models using generalized estimation equations..

Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; IVH, intraventricular

hemorrhage; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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Figure 1. Flow chart showing the selection of study population.
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relative risk (RR) and 95% CI were obtained from multivariable Poisson regression models using generalized
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30 Abbreviations: ACS, antenatal corticosteroid; CI, confidence interval; IVH, intraventricular hemorrhage;

31 PDA, patent ductus arteriosus; ROP, retinopathy of prematurity.
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Supplemental text 1. The definition of variables

Small for gestational age (SGA) was defined as birth weight below the 10" percentile for
gestational age according to the Fenton growth chart.! Sepsis was defined as a case of
positive blood culture and requiring systemic antibiotics treatment for more than five days.
Chorioamnionitis was defined as histologic findings of acute inflammation in the chorion-
decidua, amnion, umbilical cord, and chorionic plate by pathologist at each participating
facility using the criteria of Salafia et al.? modified by Yoon et al.> Maternal hypertension
included pre-existing hypertension and/or pregnancy-induced hypertension. Maternal
diabetes mellitus (DM) included pre-existing and/or pregnancy-induced DM. High-grade
intraventricular hemorrhage (IVH) was defined as grade 3 or 4 IVH according to Papile’s
criteria.* Periventricular leukomalacia (PVL) was diagnosed based on brain ultrasound or

magnetic resonance imaging obtained at term-equivalent age. Only cystic lesions were

counted. Surgically treated patent ductus arteriosus (PDA) was defined as surgical ligation or

division of symptomatic PDA. Necrotizing enterocolitis (NEC) was diagnosed and staged
according to modified Bell’s criteria.> Only NEC of stage 2 or higher was counted.
Bronchopulmonary dysplasia (BPD) was defined as a need for supplementary oxygen at 36
weeks postmenstrual age (PMA) or discharge according to the National Institute of Child
Health and Human Development, the National Heart, Lung and Blood Institute, and the

Office of Rare Diseases workshop definition.® Advanced retinopathy of prematurity (ROP)

was defined as stage 3 or higher according to the International Classification for Retinopathy

of Prematurity’ or having an operation (cryotherapy, laser photocoagulation, or vitrectomy),

or intravitreal injection with anti-vascular endothelial growth factor.?
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3 Supplemental Table 1. Comparison of baseline characteristics between twins and singletons >
4 23 — 28 weeks of gestational age 29 — 33 weeks of gestationl age
> Twin Singleton P value Twin Singleton £ P value
6 (n = 1,430) (n=3,977) (n = 934) (n=3,190) 5
7 Infant ‘i
8 Gestational age (weeks), 26.63 (1.64) 26.60 (1.58) 0.471 30.19 (0.91) 30.80 (1.34Q 0.001<
9 mean (SD) w
10 Birth weight (g), mean 917 (235) 913 (246) 0.581 1,268 (188) 1,248 (203)8 0.005
11 (SD)
12 SGA, n (%) 75 (5.2) 380 (9.6) 0.001< 94 (10.1) 899 (28.2) g‘, 0.001<
13 Male, n (%) 775 (54.2) 2,107 (53.0) 0.434 447 (47.9) 1,564 (49.0% 0.529
14 Maternal 2
15 Maternal age (years), mean 33.05 (4.04) 33.33 (4.51) 0.031 33.51 (3.79) 33.36 (4. 525 0.305
16 (SD) 3
17 Maternal diabetes mellitus, 138 (9.7) 348 (8.8) 0.268 126 (13.5) 338 (10. 6)6’ 0.013
18 n (%) g
19 Maternal hypertension, n 74 (5.2) 678 (17.0) 0.001< 144 (15.5) 1357 (42.5)5 0.001<
(%) %
;? Chorioamnionitis?, n (%) 446 (37.2) 1701 (49.9) 0.001< 133 (17.7) 734 (27.0) g 0.001<
2 Premature rupture of 524 (37.0) 1770 (44.8) 0.001< 347 (37.4) 876 (27.6)3 0.001<
23 membrane, n (%) -l
4 Cesarean section, n (%) 1247 (87.2) 2823 (71.0) 0.001< 834 (89.3) 2618 (82.1)3. 0.001<
In vitro fertilization, n (%) 768 (54.8) 348 (8.8) 0.001< 512 (55.8) 197 (6.2) 3 0.001<
;2 Antenatal corticosteroid, n 1256 (87.8) 3331 (83.8) 0.001< 822 (88.0) 2,682 (84.18. 0.003
(%) S
;Z; Data are presented as mean (SD) or n (%). {;
29 Abbreviations: ACS, antenatal corticosteroid; SGA, small for gestational age; IVH, intraventricular hemorrlgge; PDA,
30 patent ductus arteriosus; ROP, retinopathy of prematurity. N
31 4Values were missing for 797 infants in the group with 23 to 28 weeks of gestational age and 657 infants in tﬁe group with 29
32 to 33 weeks of gestational age. Z
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