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ORIGINAL ARTICLE

Comparison of neonatal outcomes between multiples and singletons among
very low birth weight infants: the Korean Neonatal Network cohort study

Hyeon Gu Janga� , Seoheui Choib� , O Kyu Nohc , Jong Hee Hwangd† , Jang Hoon Leeb† and
the Korean Neonatal Network
aDepartment of Pediatrics, Samcheok-si Public Health Center, Samcheok, South Korea; bDepartment of Pediatrics, Ajou University
School of Medicine, Suwon, South Korea; cDepartment of Bioinformatics, Department of Radiation Oncology, Ajou University School
of Medicine, Suwon, South Korea; dDepartment of Pediatrics, Inje University College of Medicine, Ilsan Paik Hospital, Goyang, South
Korea

ABSTRACT
Objective: To compare neonatal outcomes between multiples and singletons among very low
birth weight infants, this was a prospective cohort study that was conducted by collecting data
registered in the Korean Neonatal Network database.
Methods: From January 2013 to December 2016, there were 8265 infants in the Korean
Neonatal Network database, and 2958 of them were from multiples. Among them, 2636 infants
were twins, 308 infants were triplets, and 14 infants were quadruplets. Maternal and neonatal
variables including and mortality major morbidity were compared. Finally, the predicted rates of
major morbidity between singletons and multiples.
Results: Multiples had higher gestational age, birth weight, Apgar score at 5min, rates of cesar-
ean section and artificial reproductive technology but lower maternal hypertension, oligohy-
dramnios, chorioamnionitis rates and Clinical Risk Index for Babies scores II without base excess
than the singletons. In univariate analysis, multiples had a lower incidence of respiratory distress
syndrome, bronchopulmonary dysplasia, and sepsis. The mortality rate was not significantly dif-
ferent for overall gestational ages except for those born at �26weeks of gestation. In multivari-
ate logistic analysis, the incidences of intraventricular hemorrhage (grade �3), and retinopathy
of prematurity requiring treatment were significantly higher than the singletons.
Conclusions: Mortality was not significantly different between multiples and singletons accord-
ing to overall gestational age, except for multiples born at �26weeks. A significant higher risk
of intraventricular hemorrhage and retinopathy of prematurity requiring treatment was found in
multiples. A new strategy to improve the mortality of immature multiples born at �26weeks of
gestation should be developed.
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GRAPHICAL ABSTRACT

Introduction

The number of multiple pregnancies has been increas-
ing mainly in developed countries due to the increase
in assisted reproductive technology, including in vitro
fertilization, and the increased reproductive age of
mothers [1]. In 2018, 33.5 per 1000 births in the
United States were multiple births [2]. In Korea, the
multiple birth rate has also increased from 10.0 to
27.5 per 1000 live births between 1991 and 2008 [3],
and from 2009 to 2015, the birth rate of twins and
triplets increased by 34.5% and 154.3%, respect-
ively [4].

Multiple pregnancies are risk factors for pregnancy
complications such as preeclampsia, preterm prema-
ture rupture of membranes, premature birth, intrauter-
ine growth restriction and fetal death [4–6]. Multiple
Pregnancies are a major risk factor for adverse neo-
natal outcomes, particularly prematurity and those
with very low birth weight infants (VLBWIs). One-third
of the VLBWIs admitted to a neonatal intensive care
unit (NICU) were multiple pregnancies in Spain [7]. In
addition, it has been reported that multiple pregnan-
cies have a high incidence of congenital anomalies
and lower efficacy of antenatal steroids [8,9]. Risk

factors for multiple pregnancies are the basis for fetal
reduction and selective termination during in vitro fer-
tilization [10,11].

However, unlike these results, it has also been
reported that the neonatal outcomes of multiples are
similar to those of singletons [12]. Therefore, the pur-
pose of this study was to analyze the neonatal mortal-
ity and morbidity of multiples compared to those of
singletons using a recent large cohort of infants from
the Korean Neonatal Network (KNN) database.

Material and methods

Study population

This study used data from the KNN obtained from 67
NICUs during the period of January 2013 to December
2016. Data for VLBWIs who were born in the KNN’s
participating NICUs or transferred within 28 days of
birth were prospectively enrolled. The included infants
were divided into the singleton (SG) group and the
multiple (MP) group. Each of these groups was divided
into 5 categories according to gestational age (GA):
�26weeks, 27–28weeks, 29–30weeks, 31–32weeks,
and �33weeks. All methods were performed in

2 H. G. JANG ET AL.



accordance with the relevant guidelines and regula-
tions distributed to participating institutions [13].

Definitions

Multiple pregnancies was defined as the presence of
two or more embryos in the uterus by spontaneous
pregnancy, ovulation-induction therapy, or the use of
artificial reproductive technology methods including
in vitro fertilization (IVF). Maternal hypertension (HTN)
included preeclampsia, eclampsia, and chronic hyper-
tension. Maternal diabetes mellitus (DM) included
overt and gestational DM. Premature rupture of mem-
brane (PROM) was defined as rupture of the mem-
brane more than 24 h before the onset of labor.

A clinical risk index for babies II without a base
excess score (CRIB II–BE) (�8 [14],) is calculated based
on GA, birth weight (BW), the presence or absence of
congenital malformations, and the minimum and max-
imum appropriate fraction of inspired oxygen during
the first 12 h of life [15]. Morbidities were defined as
follows: Respiratory distress syndrome (RDS), (based
on chest radiographic findings and clinical respiratory
difficulty symptoms, only cases were respiratory sup-
port therapy such as invasive ventilation or noninva-
sive ventilation was required is recognized),
symptomatic patent ductus arteriosus (PDA) (requiring
surgery due to medical treatment failure), moderate or
severe bronchopulmonary dysplasia (BPD), sepsis
(including both early-onset and late-onset sepsis that
is positive result of bacterial or fungal culture in the
bloodstream), severe intraventricular hemorrhage (IVH)
(worst more than Papile’s criteria grade II at any time),
necrotizing enterocolitis (NEC) (worst more than Bell’s
stages II at any time), severe retinopathy of prematur-
ity (ROP) (needs any treatment included surgery) (e.g.
cryotherapy, laser photocoagulation and/or vitrec-
tomy) and/or intravitreal injection with antivascular
endothelial growth factor (e.g. anti-VEGF) agents) at
any time.

Data analysis

We compared maternal variables, including mode of
delivery, IVF, maternal HTN, maternal DM, PROM, oli-
gohydramnios and pathological chorioamnionitis
between the SG and MP groups. We also compared
neonatal variables, including GA, BW, gender, transfer
after birth, prenatal steroid use, an Apgar score of �7
at 5min [16], major congenital defects, and a CRIB II-
BE, and major morbidities, such as RDS, PDA, BPD,

sepsis, IVH, NEC, ROP and mortality between the SG
and MP groups.

Statistical analysis

Continuous variables are presented as the mean (±
standard deviation [SD]) or median [25 percentiles, 75
percentiles]. Categorical variables are presented as
percentages in tabulations. Categorical variables were
compared between the two groups using either the
chi-squared test or Fisher’s exact test. Continuous vari-
ables were compared using either Student’s t test or
the Kruskal–Wallis rank-sum test. In each GA group
(�26weeks, 27–28weeks, 29–30weeks, 31–32weeks,
and �33weeks), survival and major morbidity were
calculated, and multivariate logistic regression was
performed to obtain the adjusted odds ratios (ORs) of
mortality and morbidity between the MP and SG
groups. ORs with 95% confidence intervals (CIs) were
used to test morbidity and mortality between the MP
and SG groups. Statistical significance was set at p <

.05. All statistical analyses were performed using R
software (Version 4.1.3; R Foundation for Statistical
Computing, Vienna, Austria).

Statement of ethics

The KNN data registry was approved by the institu-
tional review board of all hospitals in each participat-
ing center, including Ajou University Medical Center
(approval no. AJOUIRB-OBS-2013-014) during admis-
sion and follow-up, and written informed consent was
obtained from the parents of infants at enrollment in
the KNN. All methods were performed in accordance
with the relevant guidelines and regulations.

Results

According to the national birth weight statistics, 8265
out of 11627 infants [17] born with a birth weight of
less than 1500 g were included, and 2958 (35.8%) of
them were MP group. Of the 2958MP VLBWIs, 2636
(89.1%) infants were twins, 308 (10.4%) infants were
triplets, and 14 (0.5%) infants were quadruplets.

The mean GA (29þ2weeks vs. 28þ4weeks; p < .001)
and mean BW (1150 g vs. 1100 g; p < .001) were
higher in the MP group than in the SG group. The
prevalence of an Apgar score of �7 at 5min, cesarean
section, and IVF were significantly higher in the MP
group than in the SG group. 1344 (85.9%) were twins,
213 (13.6%) were triplets, and 7 (0.4%) were quadru-
plets among the 1564MP infants (52.9%) conceived by
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IVF. In contrast, the incidence of male sex, maternal
HTN, oligohydramnios, chorioamnionitis, and a CRIB
score of �8 was significantly lower in the MP group
than in the SG group. There were no significant differ-
ences between groups in the incidence of transfers,
maternal DM, PROM, antenatal steroid use, or major
congenital defects (Table 1).

When comparing morbidity and mortality, the inci-
dence of RDS was significantly lower in the MP group
than in the SG group according to overall GA. The
incidence of RDS was not significantly different
between the two groups at �32weeks of gestation
but was significantly decreased in the MP group in
the �33weeks category. The incidence of PDA requir-
ing surgery was not significantly different between
groups at any GA; however, there was a significant
increase in the MP group at 29–30weeks of gestation.
BPD and sepsis were significantly decreased in the MP
group, but there was no significant difference in the
incidence according to the GA category. The incidence
of IVH, NEC, and ROP requiring treatment did not dif-
fer significantly between these groups across any GA
categories. Overall mortality did not differ between
groups for GA, except for a significant increase in the
MP group at �26weeks of gestation (Table 2). In
multivariate logistic regression analysis, IVH was 1.74
times higher (OR, 1.74; 95% CI, 1.23–2.47; p ¼ .002)
and ROP was 1.41 times higher (OR, 1.41; 95% CI,
1.01–1.97; p ¼ .041) in the MP group than in the SG
group (Table 3).

Discussion

Recently, assisted reproductive technology (ART) pro-
cedures are increasing, and a frequent pregnancy
complication through ART is an increase in multiple
pregnancies. In one study [18], compared to

singletons, twin pregnancies were associated with
higher rates of obstetric complications such as gesta-
tional diabetes, gestational hypertension or pree-
clampsia, and also associated with higher perinatal
mortality or morbidity such as preterm birth.
Therefore, this study aimed to compare the prognosis
by comparing morbidity and mortality between single-
tons and multiples.

In the MP VLBWIs, maternal hypertension was low,
cesarean section delivery was more frequent, and as
expected, there was an increase in the number of
pregnancies conceived through IVF. The rates of cho-
rioamnionitis and oligohydramnios at birth were sig-
nificantly lower, and the number of infants with CRIB
scores �8 was lower in MP VLBWIs than SG VLBWIs.
This is in contrast to the study by Ballabh et al. [19]
As mentioned by Kilby [20], multiple pregnancies
increase perinatal morbidity and mortality, so it is pos-
sible that the fetus’s condition was relatively good
because the mother received more attention and care
in the MP VLBWIs. Such careful prenatal management
may have contributed to the lower rates of RDS, BPD
and sepsis in MP VLBWIs compared to SG VLBWIs.

In subgroup GA analysis, there was an increased
frequency of PDA surgery in MP VLBWIs compared to
SG VLBWIs at gestation weeks 29–30. These results are
similar to the report by Lee et al. [21], who reported
multiple pregnancies as a risk factor for symptomatic
PDA. The subgroup analysis was also similar for gesta-
tion age to the findings of Margaryan et al. [22], who
presented a mean gestation age of 29.1weeks, corre-
sponding to the reported age for secondary PDA
ligation.

Ward and Caughey [23] compared twins and single-
tons for the incidence of severe morbidity such as IVH,
RDS, NEC and sepsis in late preterm infants between

Table 1. Demographic characteristics of singletons versus multiples among VLBWIs.
Singletons (n¼ 5307) Multiples (n¼ 2958) p-value

Cesarean section 3892 (73.3) 2499 (84.5) <.001
IVF 336 (6.3) 1564 (52.9) <.001
Maternal HTN 1386 (26.1) 308 (10.4) <.001
Maternal DM 439 (8.3) 260 (8.8) .442
PROM 1914 (36.1) 1002 (33.9) .053
Oligohydramnios 815 (15.4) 283 (9.6) <.001
Chorioamnionitis 1716 (32.3) 648 (21.9) <.001
Antenatal steroid use 4043 (76.2) 2272 (76.8) .405
Gestational age (weeks) 28þ4 [26þ4, 30þ4] 29þ2 [26þ6, 31þ1] <.001
Birth weight (g) 1100 [850, 1310] 1150 [880, 1354] <.001
Male sex 2716 (51.2) 1444 (48.8) .042
Apgar score at 5min (�7) 3356 (63.2) 2010 (68.0) <.001
CRIB II-BE (�8) 2020 (38.1) 866 (29.3) <.001
Major congenital defect 199 (3.7) 98 (3.3) .337
Outborn birth 180 (3.4) 96 (3.2) .771

Values are expressed as the mean [minimum value, maximum values] or as the number (percentage) of patients.
VLBWI: very low birth weight infant; IVF: in vitro fertilization; HTN: hypertension; DM: diabetes mellitus; PROM: pre-
mature rupture of membranes; CRIB II-BE: Clinical Risk Index for Babies II without base excess.
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34 and 36weeks of gestation, and found significant
differences in twins born at 34weeks of gestation.
When comparing multiples and singletons in VLBWIs
in our study, adjusted multivariate analysis showed
increased IVH and ROP in the MP group, but no differ-
ences in the prevalence of RDS, NEC, and sepsis. This
contrast may be due to our study being conducted in
VLBWI and including a patient group born at a
younger gestational age.

Compared to singletons, multiples have historically
been considered to have an increased risk of perinatal
mortality and morbidity, primarily because of higher
rates of preterm birth and low BW [24–26]. Although
worse neonatal outcomes for multiples have been
seen at extremely low gestational ages in several stud-
ies [5,27–30], other recent studies have shown com-
parable outcomes to those for singletons [12,31]. In
this study, the mortality rate of the extremely prema-
ture MP group born at �26weeks of gestation was
higher than that of SG group in univariate analysis.
This result is similar to the report of Shinwell [32], but
MP was not an independent risk factor for mortality in
multivariate analysis.

One of the causes of increased IVH may be differen-
ces in blood pressure between singletons and multi-
ples [33] and some qualitative differences in early
resuscitation by experienced medical faculty on in
neonatal resuscitation program (NRP) teams. It cannot
be excluded that the number of NRP team members
caring for VLBWIs shortly after birth and the qualita-
tive differences in procedures may differ between MP
infants and SG infants. As reported in the paper, the
prognosis differs depending on the number and skill
level of the medical staff participating in the delivery
[34], and NRP teams may require at least 4 or more
neonatal medical personnel per VLBWI to participate
in the preparation for one newborn at a time. It is
considered that there is a difference in the prognosis
between VLBWIs born in hospitals where well-trained
faculty members can attend every birth and VLBWIs
who do not. However, the difference in these condi-
tions was not included in the national data provided
in this paper, so it was difficult to analyze, and more
research is needed.

The incidence of ROP is generally known to
increase with the use of excess oxygen [35,36].
However, as a result of multivariate logistic regression
analysis in our study, there was no significant differ-
ence in the incidence of RDS, BPD, and sepsis in the
MP group, while the increased incidence of ROP
requiring treatment was considered meaningful.
Friling et al. [37] reported that there was no differenceTa
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in the incidence of ROP when comparing singletons
and multiples in 99 VLBWIs. Based on this, they pre-
sented the rationale for conducting the ROP screening
test in the same way as for singletons. However, Sood
et al. [38] reported that multiple gestations may be
taken as an independent risk factor for ROP causation.
The higher incidence of ROP in the MP group in our
study is more meaningful in that it is a study that
includes a large number of VLBWIs using a nationwide
cohort.

Henceforth, new strategies should be developed to
improve the mortality rate of premature infants born
at �26weeks of gestation. Therefore, in women with
MP pregnancy, who are expected to give birth
extremely prematurely, more intensive prenatal man-
agement, such as antenatal steroid administration and
planned delivery, should be performed. In addition, to
reduce the frequency of IVH and ROP requiring treat-
ment for MP VLBWIs, the cause should be identified,
and a strategy should be established.

Limitation

A limitation of the study was that it was not possible
to analyze the differentiation between units such as in
medical resources, decision-making processes, and
medical faculties including quality and numbers.
Therefore, further studies on these issues should be
conducted in the future.

Conclusions

This study aimed to investigate neonatal mortality and
morbidity in MP VLBWIs compared with those of SG
VLBWIs in Korea. We found that mortality was not sig-
nificantly different between MP and SG infants accord-
ing to overall gestational age, except for a significant
increase in MP VLBWIs born at �26weeks and a sig-
nificantly higher risk of IVH and ROP requiring treat-
ment in the MP group. To our knowledge, this study
is the first domestic study to evaluate neonatal mortal-
ity and morbidity in MP VLBWIs compared with those
in SG VLBWIs using a large population-based study in
Korea. In addition, close observation and appropriate
response to symptomatic PDA is necessary for MP
VLBWIs born between 29–30weeks of gestation.
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Table 3. Adjusted odds ratios of mortality and major morbidities of singletons versus multiples among VLBWIs.
Singleton (n¼ 5307) Multiples (n¼ 2958) p-value Odds ratio 95% Confidence interval p-value

RDS <.001 0.75 0.54–1.04 .081
No 1069 740
Yes 4239 2218

PDA surgery .206 1.03 0.76–1.40 .852
No 3676 2079
Yes 582 298

BPD <.001 1.06 0.84–1.35 .622
No 3171 1863
Yes 1447 679

Sepsis .003 1.13 0.88–1.46 .343
No 4140 2391
Yes 1154 562

IVH (grade �3) .206 1.74 1.23–2.47 .002
No 4658 2553
Yes 476 289

NEC (stage �2) .154 1.19 0.78–1.79 .402
No 4907 2763
Yes 369 181

ROP treatment .521 1.41 1.01–1.97 .041
No 2842 1606
Yes 400 240

Mortality .909 1.42 0.55–3.40 .448
No 4576 2554
Yes 731 404

VLBWI: very low birth weight infant; RDS: respiratory distress syndrome; PDA: patent ductus arteriosus; BPD: bronchopulmonary dysplasia; IVH: intraven-
tricular hemorrhage; NEC: necrotizing enterocolitis; ROP: retinopathy of prematurity.
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