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Risk Factors for Cause-specific Mortality of Very-Low-Birth-
Weight Infants in the Korean Neonatal Network

This study attempted to assess the risk factors for mortality of very-low-birth-weight (VLBW) 
infants in the neonatal intensive care unit (NICU, n = 2,386). Using data from the Korean 
Neonatal Network, we investigated infants with birth weights < 1,500 g and gestational 
ages (GAs) of 22-31 weeks born between January 2013 and June 2014. Cases were defined 
as death at NICU discharge. Controls were randomly selected from live VLBW infants and 
frequency matched to case subjects by GA. Relevant variables were compared between the 
cases (n = 236) and controls (n = 236) by Cox proportional hazards regression to determine 
their associations with cause-specific mortality (cardiorespiratory, neurologic, infection, 
gastrointestinal, and others). In a Cox regression analysis, cardiorespiratory death were 
associated with a foreign mother (hazard ratio, HR, 4.33; 95% confidence interval, CI, 
2.08-9.02), multiple gestation (HR, 1.65; 95% CI, 1.07-2.54), small for gestational age 
(HR, 2.06; 95% CI, 1.25-3.41), male gender (HR, 1.69; 95% CI, 1.10-2.60), Apgar score 
≤ 3 at 5 min (HR, 1.97; 95% CI, 1.18-3.31), and delivery room resuscitation (HR, 2.60; 
95% CI, 1.53-4.40). An Apgar score ≤ 3 at 5 min was also associated with neurological 
death (HR, 2.95; 95% CI, 1.29-6.73). Death due to neonatal infection was  associated 
with outborn delivery (HR, 5.09; 95% CI, 1.46-17.74). Antenatal steroid and preterm 
premature rupture of membranes reduced risk of cardiorespiratory death (HR, 0.43; 95% 
CI, 0.27-0.67) and gastrointestinal death (HR, 0.30; 95% CI, 0.13-0.70), respectively. In 
conclusion, foreign mother, multiple gestation, small gestation age, male gender, Apgar 
score ≤ 3 at 5 min, and resuscitation in the delivery room are associated with 
cardiorespiratory mortality of VLBW infants in NICU. An Apgar score ≤ 3 at 5 min and 
outborn status are associated with neurological and infection mortality, respectively.
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INTRODUCTION

In 2010, approximately 15 million babies were born preterm, 
11.1% of all live births, in the world, with about one million pre-
mature babies dying after birth. Preterm birth is the main cause 
of infant death, with reliable trend data showing an increase in 
preterm birth rates in most countries (1). Because preterm births 
contribute to infant mortality rates, many countries have report-
ed the incidence and mortality rate of preterm birth in popula-
tion-based, multicenter studies (2-4). An analysis of the factors 
associated with the mortality of preterm babies is a necessary 
medical service and will assist treatment developments to im-
prove outcomes for preterm babies. There have been many stu-
dies on the risk factors for mortality in preterm babies in the 
neonatal intensive care unit (NICU) with the aim of improving 
preterm survival (5-9).
 Over the past several decades, advances in perinatal and neo-
natal care have improved the survival of even the most imma-
ture infants, increasing and diversifying our knowledge of the 

causes of death in preterm babies (10,11). However, many stud-
ies have only focused on the mortality or risk factors for mortal-
ity of preterm babies. Research on the categorical causes of dea-
th is extremely rare, especially for the risk factors for each cate-
gorical cause of death (12).
 We aimed to investigate the categorical cause and timing of 
death with respect to postnatal age and gestational age (GA) 
and assess the risk factors that affect cause-specific mortality of 
very-low-birth-weight (VLBW) infants registered in the Korean 
Neonatal Network (KNN) using a case-control study.

MATERIALS AND METHODS

Subjects
In this cohort study, we reviewed VLBW infants (birth weights, 
BWs < 1,500 g) born alive and admitted to 55 NICUs of KNN 
participating hospitals between January 2013 to June 2014 (n =  
2,386). These births were registered in the KNN database. A stan-
dardized data form was used to collect medical information on 
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pregnancy complications and care, conditions and assistance 
at birth, morbidities and treatments in the NICU, outcome at dis-
charge from hospital, and time and cause of death.
 For the purposes of this study, 4 infants less than 22 complet-
ed weeks of GA, 337 infants more than 31 completed weeks of 
GA, 82 infants with lethal congenital anomalies, 2 infants with 
accidental death or an inborn error of metabolism, 192 infants 
with unknown maternal factors, 2 infants with stays of more 
than 365 days in the hospital, and 118 infants transferred to oth-
er hospitals or other wards were excluded (Fig. 1).

Maternal and neonatal variables
Maternal variables were parity, maternal age, abnormal amni-
otic fluid volume, maternal nationality, hypertension, chorio-
amnionitis, preterm premature rupture of membranes (PPROM), 
use of antenatal steroids, mode of delivery, multiple gestation, 
and place of birth.
 Neonatal variables were the gender of the infant, mean GA, 
mean BW, small for gestational age (SGA; < 10th percentile of a 
standard BW curve for GA by gender), Apgar score ≤ 3 at 1 min, 
Apgar score ≤ 3 at 5 min, neonatal cardiopulmonary resuscita-
tion in the delivery room.
 Maternal hypertension was defined if there is any maternal 
diagnosis of pregnancy induced hypertension or chronic hy-
pertension. SGA was defined according to the definitions pub-
lished by Lim et al. and alexander et al. (13,14). Delivery room 
(DR) resuscitation was defined when cardiac compression was 

done or medication was administered in the DR.
 Neonatal morbidities and interventions were pneumothorax, 
massive pulmonary hemorrhage, pulmonary hypertension, re-
spiratory distress syndrome (RDS), multiple use of surfactant, 
duration of ventilator care, treatment of bronchopulmonary 
dysplasia (BPD), pharmacological or surgical treatment for pat-
ent ductus arteriosus (PDA), hypotension, neonatal seizure, in-
traventricular hemorrhage (IVH; grade 3 or 4 in the classifica-
tion by Papile), posthemorrhagic hydrocephalus, periventricu-
lar leukomalacia (PVL), congenital infection, sepsis, meningitis, 
necrotizing enterocolitis (NEC, ≥ stage 2), packed red blood 
cell transfusion, and average length of hospital day.
 BPD was defined by supplemental oxygen dependence at 36 
weeks’ PMA (15). Moderate BPD was defined as the need for 
oxygen for > 28 days plus < 30% oxygen at 36 weeks PMA us-
ing the National Institute of Child Health and Human Develop-
ment (NICHD) Workshop severity-based diagnostic criteria. 
Severe BPD was defined as the need for oxygen for > 28 days 
plus ≥ 30% oxygen and/or positive pressure at 36 weeks PMA 
by NICHD criteria (16). NEC is defined according to a modified 
Bell’ staging classification stage ≥ 2 including one or more of 
the following clinical signs: bilious, gastric aspirate or emesis, 
abdominal distention, or occult or gross blood in stool. In addi-
tion, this classification includes one or more of the following ra-
diographic findings: pneumatosis intestinalis, hepatobiliary gas, 
or pneumoperitoneum.

Statistical analysis 
Analyses were performed using Stata version 12.0 (StataCorp, 
College Station, Texas). 

Study I

We compared maternal and neonatal variables of infants who 
died in NICU (n = 236) with infants discharged alive (n = 1,413) 
as a control. Groups were compared using the independent-sam-
ples Student t-test and Chi-squared tests, where appropriate. 
The Kaplan-Meier method was calculated to estimate survival 
curves of VLBW infants. Infants discharged alive were consid-
ered to have survived to postnatal age of 364 days. The effects of 
GA and BW on survival were studied by Kaplan-Meier survival 
estimators for each category using the log-rank test. 

Study II

We studied the proportional mortality for major causes of death 
with respect to postnatal age and the cause of death with respect 
to GA. To reduce the differences in mean GA between infants 
dying in NICU (n = 236) and infants discharged alive (n = 1,413), 
controls and cases were frequency matched by GA categories 
(22-24, 25-26, 27-28, or 29-31 weeks). A total of 472 (236:236) 
VLBW infants were identified. Groups were compared using 
the independent-samples Student t-test and Chi-squared tests, 

Fig. 1. Flow-chart identifying the study population.
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where appropriate. Multivariable Cox proportional hazard mo-
dels were used to examine the relationship between prenatal 
characteristics, infant characteristics, interventions in the deliv-
ery room, and cause-specific mortality. Independent variables 
for the mo dels were selected from variables significantly related 
to death in a univariate analysis or those shown by previous fol-
low-up studies to be associated with a poor outcome (17). 
 The cause of death was categorized according to Korean Stan-
dard Classification of Diseases, based on the International Clas-
sification of Diseases (10th revision, Clinical Modification). The 
following mutually exclusive categories were considered: car-
diorespiratory, including hyaline membrane disease or RDS, 
pulmonary hypoplasia, pulmonary hemorrhage, air leak syn-
drome, BPD or chronic lung disease, and other cardiorespira-
tory disease; neurological, including hypoxic-ischemic enceph-
alopathy or asphyxia, severe IVH and its sequelae, and other 
neurological diseases; infection, including congenital infection, 
acquired infection, and other infectious diseases; gastrointesti-
nal, including NEC or spontaneous intestinal perforation, and 
other gastrointestinal diseases; and others, including trauma or 
accident, inborn errors of metabolism, multisystemic failures of 
unknown etiology, and other abnormalities. P < 0.05 was con-
sidered statistically significant.

Ethics statement
The KNN registry was approved by the institutional review board 
at each participating hospital and informed consent was ob-
tained from the parents at enrollment by the NICUs participat-
ing in KNN. All participants signed and submitted an informed 
consent form.

RESULTS

Study I
In 2013, 436,455 babies were born in Korea, of which 2,961 were 
VLBW infants. Of these VLBW infants, 1,398 were entered into 

the KNN database. In the first half of 2014, 988 VLBW infants 
were registered in the KNN for a total of 2,386 preterm babies. 
After application of the inclusion and exclusion criteria, the study 
cohort comprised of 1,649 infants. Of which 1,413 babies were 
discharged alive and 236 babies died in the NICU.

Clinical characteristics of death and survival groups at 
NICU discharge
A comparison of the clinical characteristics of mothers in the 
survival and death groups is shown in Table 1. Mothers of VLBW 
infants in the death group were more likely to have abnormal 
amniotic fluid (oligo- or polyhydramnios) and foreign national-
ity than mothers in the survival group. Mothers of VLBW infants 
in the survival group were more likely to have PPROM, receive 
antenatal corticosteroids, and deliver by c-sec than mothers in 
the death group. 
 The neonatal characteristics and perinatal interventions in 
the survival and death groups are compared in Table 2. Com-
pared to infants in the survival group, VLBW infants in the death 
group were more likely to have SGA (15.7% vs. 22.9%), lower GA 
(27.8 ± 2.1 vs. 25.3 ± 2.2 weeks), lower BW (1,064.4 ± 265.9 vs. 
761.7 ± 248.5 g), and an Apgar score ≤ 3 at 1 and 5 min. Resus-
citation efforts in the delivery room were more common among 
VLBW infants in the death group compared with the survival 
group. In the death group, 97.9% infants underwent PPV, 94.5% 
underwent intubation; 17.4% underwent cardiac compression; 
and 13.1% received endotracheal or intravenous epinephrine 
in the delivery room. 
 Table 3 shows the results of the comparison of neonatal mor-
bidity and hospital course in the survival and death groups. VL-
BW infants in the death group were more likely to have a pneu-
mothorax, massive pulmonary hemorrhage, pulmonary hyper-
tension, RDS, multiple surfactant use, long duration under ven-
tilator care, hypotension, neonatal seizures, IVH (grade ≥ 3), 
post-hemorrhagic hydrocephalus, PVL, sepsis, NEC (stage ≥ 2), 
and idiopathic bowel perforation than infants in the survival 

Table 1. Comparison of maternal (prenatal) characteristics in the survival and death groups

Parameters
Survival (n = 1,413) Death (n = 236) Total (n = 1,649)

P value
n (%) n (%) n (%)

Oligohydramnios/Polyhydramnios 
   Unknown 

203 (14.4)
103 (7.3)

43 (18.2)
29 (12.3)

246 (14.9)
132 (8.0)

0.006

Foreign nationality 36 (2.5) 13 (5.5) 49 (3.0) 0.021
Diabetes mellitus 134 (9.5) 14 (5.9) 148 (9.0) 0.077
PIH/chronic HTN 234 (16.6) 31 (13.1) 265 (16.1) 0.185
Chorioamnionitis
   Unknown 

449 (31.8)
210 (14.9)

72 (30.5)
34 (14.4)

521 (31.6)
244 (14.8)

0.885

PPROM 590 (41.8) 78 (33.1) 668 (40.5) 0.012
Antenatal steroid 1,147 (81.2) 167 (70.8) 1,314 (79.7) < 0.001
Caesarean section 1,077 (76.2) 154 (65.3) 1,231 (74.7) < 0.001
Multiple gestation 489 (34.6) 94 (39.8) 583 (35.4) 0.12
Outborn 23 (1.6) 7 (3.0) 30 (1.8) 0.182

PIH, pregnancy induced hypertension; HTN, hypertension; PPROM, preterm premature rupture of membrane.



Lim JW, et al. • Risk Factors for Mortality of Very Low Birth Weight Infants 

S38  http://jkms.org http://dx.doi.org/10.3346/jkms.2015.30.S1.S35

group. In contrast, VLBW infants in the death group had a lower 
frequency of BPD due to early death. 

Survival and mortality
Survival curves from birth to 364 days after birth for the 1,649 
liveborn VLBW infants by GA and BW are shown in Fig. 2 and 3. 
Survival to 100 days and 300 days rose with increasing GA and 
BW. For lower GAs and BWs, because deaths occurred early in 
the neonatal period, there are large differences in survival to 
100 days and 300 days (P < 0.001).
 Fig. 4 shows the number of major causes of death at each post-

natal age interval for VLBW infants in the death group. More than 
half of the deaths occurred in the first two weeks of life, mainly 
due to cardiorespiratory and neurologic problems. From 14 to 
59 postnatal days, cardiorespiratory problems were a reduced 
but steady cause of death, while infectious and gastrointestinal 
problems became more prevalent. After 60 days, infectious and 
gastrointestinal problems became the predominant cause of 
death. 
 Fig. 5 shows the mortality rate, which is the number of deaths 
of infants per 100 live births, of causes of death according to GA 
in the study group. Cardiorespiratory problems were most com-

Table 2. Comparison of neonatal characteristics and perinatal interventions in the survival and death groups

Parameters
Survival (n = 1,413) Death (n = 236) Total (n = 1,649)

P value
n (%) n (%) n (%)

Gender
   Male 
   Female 

700 (49.5)
713 (50.5)

129 (54.7)
107 (45.3)

829 (50.3)
820 (49.7)

0.145

Mean gestational age (weeks)
  ≤ 24 
   25-27 
   28-31 

27.8 ± 2.1
110 (7.8)
467 (33.1)
836 (59.2)

25.3 ± 2.2
100 (42.4)
94 (39.8)
42 (17.8)

27.5 ± 2.3
210 (12.7)
561 (34.0)
878 (53.2)

< 0.001

Mean birth weight (gram)
  ≤ 499 
   500-999 
   1,000-1,499 

1,064.4 ± 265.9
23 (1.6)

536 (37.9)
854 (60.4)

761.7 ± 248.5
29 (12.3)

173 (73.3)
34 (14.4)

1,021.0 ± 284.0
52 (3.2)

709 (43.0)
888 (53.9)

< 0.001

Small for gestational age 222 (15.7) 54 (22.9) 276 (16.7) 0.006
1-min AS ≤ 3 439 (31.1) 160 (67.8) 599 (36.3) < 0.001
5-min AS ≤ 3 64 (4.5) 49 (20.8) 113 (6.9) < 0.001
PPV in delivery room 1,240 (87.8) 231 (97.9) 1,471 (89.2) < 0.001
Intubation in delivery room 1,069 (75.7) 223 (94.5) 1,292 (78.4) < 0.001
Cardiac compression in delivery room 43 (3.0) 41 (17.4) 84 (5.1) < 0.001
Epinephrine in delivery room 28 (2.0) 31 (13.1) 59 (3.6) < 0.001
DR resuscitation 47 (3.3) 42 (17.8) 89 (5.4) < 0.001

AS, apgar score; PPV, positive pressure ventilation; DR, delivery room.

Table 3. Comparison of neonatal morbidity and hospital course in the survival and death groups 

Clinical conditions
Survival (n = 1,413) Death (n = 236) Total (n = 1,649)

P value
n (%) n (%) n (%)

Pneumothorax 50 (3.5) 52 (22.0) 102 (6.2) < 0.001
Massive pulmonary hemorrhage 63 (4.5) 69 (29.2) 132 (8.0) < 0.001
Pulmonary hypertension 69 (4.9) 58 (24.6) 127 (7.7) < 0.001
Respiratory distress syndrome 1,243 (88.0) 226 (95.8) 1,469 (89.1) < 0.001
Surfactant use ≥ twice 276 (19.5) 90 (38.1) 366 (22.2) < 0.001
Duration of ventilator care (days) 17.1 ± 22.2 23.1 ± 34.4 17.9 ± 24.4 < 0.001
BPD ≥ moderate
   Not determined (ex. Died before 36 weeks of corrected GA)

497 (35.2)
1 (0.1)

25 (10.6)
211 (89.4)

522 (31.7)
212 (12.9)

< 0.001

PDA treatment 604 (42.8) 99 (42.0) 703 (42.6) 0.819
Hypotension 349 (24.7) 187 (79.2) 536 (32.5) < 0.001
Neonatal seizure 102 (7.2) 94 (39.8) 196 (11.9) < 0.001
IVH ≥ 3 89 (6.3) 100 (42.4) 189 (11.5) < 0.001
Posthemorrhagic hydrocephalus 39 (2.8) 42 (17.8) 81 (4.9) 0.001
Periventricular leukomalacia
   Unknown 

133 (9.4)
1 (0.1)

29 (12.3)
58 (24.6)

162 (9.8)
59 (3.6)

< 0.001

Sepsis 317 (22.4) 81 (34.3) 398 (24.1) < 0.001
NEC ≥ 2 62 (4.4) 60 (25.4) 122 (7.4) < 0.001

PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia; GA, gestational age; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; NEC, necrotizing 
enterocolitis.
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monly identified as the cause of death for all infants born be-
tween 22 and 31 weeks of gestation. Among infants born at 22-
24 and 28-31 weeks of gestation, infections were the second 
leading major cause of death. For those born at 25-27 weeks of 
gestation, gastrointestinal problems were the second major cause 
of death. Among VLBW infants born at 22 to 31 weeks of GA, car-
diorespiratory problems were the commonest cause of death 
(5.7%) followed by infections (2.5%), gastrointestinal problems 
(2.4%), neurologic problems (2.0%), others (1.7%). Survival in-
creased as GA increased. 

Study II
Factors associated with death

VLBW infants in the survival group were matched according to 

GA with a case group of infants from the death group. Relevant 
variables were compared between the cases (n = 236) and con-
trols (n = 236) by Cox proportional hazards regressions. Simple 
comparison and adjusted hazard ratios (HRs) for these variables 
are shown in Table 4. Four risk factors were found to be signifi-
cantly associated with increased risk for mortality: foreign na-
tionality (HR, 2.50; 95% confidence interval, CI, 1.42-4.40), SGA 
(HR, 1.55; 95% CI, 1.11-2.16), Apgar score ≤ 3 at 5 min (HR, 1.62; 
95% CI, 1.14-2.31), and DR resuscitation (HR, 1.80; 95% CI, 1.23-
2.62). Concerned about neonates from multiple gestation, a 
trend toward statistical significance is sometimes noted with 
increased risk for mortality (HR, 1.31; 95% CI, 0.99-1.72). In con-
trast, PPROM (HR, 0.71; 95% CI, 0.54-0.94) and antenatal ste-
roid (HR, 0.67; 95% CI, 0.50-0.91) were found to decrease mor-

Fig. 2. Survival curves by gestational age (22-31 weeks) up to a postnatal age of 
300 days for 1,649 very-low-birth-weight infants admitted to the neonatal intensive 
care unit. Cum survival, cumulative survival; time, days of hospitalization after birth. 
Survival was estimated using the Kaplan-Meier method and Log-Rank test, P < 0.001.
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tality risk.
 Multivariable Cox proportional HRs of the probable factors 
associated with cause-specific mortality of VLBW infants are 
presented in Tables 5 and 6. Infants of foreign mothers had a sig-
nificantly higher risk of death due to cardiorespiratory problem 

than of death due to other major causes of death. Similarly, mul-
tiple gestation (HR, 1.65; 95% CI, 1.07-2.54), SGA (HR, 2.06; 95% 
CI, 1.25-3.41), male gender (HR, 1.69; 95% CI, 1.10-2.60), an Ap-
gar score ≤ 3 at 5 min (HR, 1.97; 95% CI, 1.18-3.31), and DR re-
suscitation (HR, 2.60; 95% CI, 1.53-4.40) were significant risk 

Fig. 5. Mortality rate, which is the number of deaths of infants per 100 live births, of causes of death according to GA of VLBW infants in the study group (n = 1,649). CAR, 
cardiorespiratory; NEU, neurologic; INF, infectious; GAS, gastrointestinal; OTH, others.
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Table 4. Simple comparison and multivariate Cox regression model for risk factors associated with death after frequency matching by GA (n = 472)

Risk factors
Survival (n = 236) Death (n = 236)

P value Adjusted HR 95% CI
n (%) n (%)

Foreign nationality 4 (1.7) 13 (5.5) 0.045 2.5 1.42-4.40
PPROM 115 (48.7) 78 (33.1) 0.001 0.71 0.54-0.94
Antenatal steroid 190 (80.5) 167 (70.8) 0.018 0.67 0.50-0.91
Caesarean section 164 (69.5) 154 (65.3) 0.326 0.88 0.67-1.17
Multiple gestation 84 (35.6) 94 (39.8) 0.342 1.31 0.99-1.72
Outborn 2 (0.8) 7 (3.0) 0.175 0.95 0.43-2.09
Small for gestational age 24 (10.2) 54 (22.9) < 0.001 1.55 1.11-2.16
Male 114 (48.3) 129 (54.7) 0.167 1.2 0.93-1.57
5-min AS ≤ 3 21 (8.9) 49 (20.8) < 0.001 1.62 1.14-2.31
DR resuscitation 11 (4.7) 42 (17.8) < 0.001 1.8 1.23-2.62

PPROM, Preterm premature rupture of membrane; AS, Apgar score; DR, delivery room; CI, confidence interval; HR, hazard ratio.

Table 5. Multivariate Cox regression model for risk factors associated with categorical cause of death after frequency matching by GA (n = 472)

Risk factors
Cardiorespiratory Neurological Infectious Gastrointestinal Other

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Foreign nationality 4.33 2.08-9.02 1.96 0.46-8.39 2.88 0.84-9.74 0.00 0.00
PPROM 0.81 0.52-1.26 0.66 0.32-1.37 0.81 0.42-1.54 0.30 0.13-0.70 1.28 0.58-2.81
Antenatal steroid 0.43 0.27-0.67 2.27 0.84-6.18 0.83 0.38-1.79 0.95 0.41-2.23 0.40 0.17-0.90
Caesarean section 0.94 0.60-1.48 0.91 0.44-1.89 1.07 0.53-2.18 0.60 0.30-1.20 0.77 0.35-1.72
Multiple gestation 1.65 1.07-2.54 0.91 0.43-1.94 1.03 0.52-2.01 1.00 0.50-2.01 2.19 1.02-4.72
Outborn 0.48 0.14-1.68 1.89 0.24-14.69 5.09 1.46-17.74 0.00 0.00
SGA 2.06 1.25-3.41 0.41 0.12-1.40 0.98 0.40-2.40 2.08 0.97-4.47 2.19 0.81-5.87
Male 1.69 1.10-2.60 1.08 0.54-2.16 0.73 0.39-1.35 0.89 0.47-1.70 1.41 0.66-3.04
5-min AS ≤ 3 1.97 1.18-3.31 2.95 1.29-6.73 1.07 0.37-3.11 1.25 0.46-3.43 0.59 0.16-2.21
DR resuscitation 2.60 1.53-4.40 2.42 0.97-6.07 0.21 0.03-1.64 1.48 0.51-4.32 2.12 0.67-6.69

AS, Apgar score; CI, confidence interval; HR, hazard ratio; SGA, small for gestational age; PPROM, preterm premature rupture of membrane; DR, delivery room.
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factors for cardiorespiratory death. An Apgar score ≤ 3 at 5 min 
was also associated with neurological death (HR, 2.95; 95% CI, 
1.29-6.73). Outborn status was associated with death due to in-
fection in the NICU (HR, 5.09; 95% CI, 1.46-17.74). Maternal 
PPROM and the use of antenatal steroids appeared protective. 
VLBW infants born to mothers who received antenatal steroid 
and those born to mothers with a history of PPROM had a re-
duced risk of cardiorespiratory mortality (HR, 0.43; 95% CI, 0.27-
0.67) and gastrointestinal mortality (HR, 0.30; 95% CI, 0.13-0.70), 
respectively.

DISCUSSION

This is the first case-controlled multicenter study to identify risk 
factors for cause-specific mortality of VLBW infants after fre-
quency matching by GA. GA and BW have a significant impact 
on the mortality of VLBW infants (18). We attempted to reduce 
these effects by frequency matching of the two groups by GA to 
identify other risk factors. We excluded congenital anomalies, 
as there was a high mortality rate in the congenital anomaly 
group (30.5%) compared to a group without defects (16.7%), 
with the causes of death very different between the two groups.
 Foreign mothers have an increased mortality risk, especially 
due to cardiorespiratory death. There were 49 (2.97%) foreign 
mothers, with most being Asian (17 Vietnamese, 14 Chinese, 7 
Filipino, 2 Cambodian, 1 Japanese and 1 Mongolian), although 
there were 7 others (1 American and 6 others). The number of 
neonates in multi-cultural families in Korea is rising steadily 
due to the increase in international marriages (19). But, this re-
sult has limitation because there is a very small number of for-
eign mothers, and we do not know the socioeconomic status of 
foreign mothers. The Apgar score at 1 min reflects how well the 
baby tolerated the birth process, and the Apgar score at 5 min 
reflects how well baby is doing after birth (20). The Apgar score 
at 5 min, in particular, acts as a prognostic precursor for neona-
tal mortality and neurological outcome. This was also seen in 
our study, where there was an increase in mortality with an Ap-
gar score ≤ 3 at 5 min (HR, 1.62), consistent with results of other 
studies that the Apgar score is a risk factor in NICU mortality 
(21-23). 
 The longer the intensive resuscitation, the higher the mortal-
ity and poorer the neurological outcome (24). Until now, there 

have been no prospective analyses or placebo-controlled clini-
cal trials on epinephrine (25). We found that DR resuscitation 
increased mortality due to cardiorespiratory problems (HR, 2.60). 
Cardiorespiratory problems occurred mainly within two weeks 
after birth, indicating that DR resuscitation may play a bigger 
role in early death due to asphyxia. We found that early resusci-
tation after birth was closely related to the prognosis and mor-
tality of VLBW infants.
 Initial temperature at NICU admission, initial pH, and BE 
were excluded during Cox analysis for the following reasons. 
After frequency matching there was no statistical significance 
between the two groups in the mortality rate in accordance with 
initial temperature. Also, although there was statistical signifi-
cance in pH and BE at initial ABGA in 1 hr, there were more than 
60 cases of missing data. Nevertheless, above factors are believ-
ed to act as important risk factors of death, and additional re-
search including initial temperature will be necessary in the fu-
ture when collection of data has increased.
 In addition to foreign nationality, an Apgar score ≤ 3 at 5 min, 
and DR resuscitation, other factors that increased the risk of 
cardiorespiratory death were multiple gestation (HR, 1.65), SGA 
(HR, 2.06), and male gender (HR, 1.69). Pregnancy complica-
tions such as pregnancy-induced hypertension, gestational di-
abetes mellitus, PPROM, and preterm labor are associated with 
multiple births (26,27). Qiu et al. (28) reported that it is not mul-
tiple gestation itself that is important, but the associated increas-
ed risk of preterm delivery, low BW, and other high-risk mor-
bidities. Nielsen et al. (29) reported there was no significant dif-
ference in survival to NICU discharge between multiples (79%) 
and singletons (81%) at 24-26 weeks or multiples (98%) and sin-
gletons (96%) at 30-32 weeks. Multiple gestation could be a risk 
factor in cardiorespiratory-specific mortality or multi-systemic 
failure of unknown etiology after frequency matching (HR, 2.19). 
 Infants born with SGA had higher mortality compared to those 
with an appropriate for gestational age (AGA) and had increas-
ed mortality and, in the case of lower GA, more severe growth 
restriction. SGA infants had significantly higher incidences of 
BPD, pulmonary hemorrhage, and postnatal corticosteroid ther-
apy compared to infants with AGA (30,31). There was signifi-
cant difference in the incidence of SGA between the survival 
and death groups (P = 0.006) and the risk of death (HR 1.87) 
from cardiorespiratory causes was higher. Therefore, better plan-

Table 6. Cause of death categories according to Korean Standard Classification of Diseases, based on the International Classification of Diseases-10

Categories                                                                Cause of death

Cardiorespiratory HMD/RDS; PPHN; Pulmonary hypoplasia; Pulmonary hemorrhage; Air leak syndrome; BPD/CLD
Neurological HIE/Asphyxia; Severe grade IVH and its sequelae; Other neurological disease
Infectious Congenital infection; Acquired infection; Other infectious disease
Gastrointestinal NEC/SIP; Other gastrointestinal disease
Others Trauma/accident; Inborn errors of metabolism; Multisystemic failure of unknown etiology

BPD, bronchopulmonary dysplasia; CLD, chronic lung disease; HIE, hypoxic ischemic encephalopathy; HMD, hyaline membrane disease; IVH, intraventricular hemorrhage; NEC, 
necrotizing enterocolitis; PPHN, persistent pulmonary hypertension of newborn; RDS, respiratory distress syndrome; SIP, spontaneous intestinal perforation.
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ning of regular antenatal care is needed to reduce the precipi-
tating factors of SGA, such as hypertensive disorders in preg-
nancy, gestational DM, infection, and malnutrition.
 Male gender was not a risk factor in this study after frequency 
matching, but cardiorespiratory-specific mortality in males was 
higher compared to females (HR, 1.69; 95% CI, 1.10-2.60). Some 
studies showed that a higher incidence of RDS in male infants 
is due to late lung maturation (32), though the biological mech-
anisms are poorly understood. In this study, the incidence of 
RDS after matching was 95.47% in males and 93.89% in females, 
with no statistically significant differences. However, males had 
a higher mortality rate, lower Apgar scores, and poorer neona-
tal outcomes, as seen in other studies (7,33).
 This study shows that both maternal PPROM and antenatal 
steroids lowered the mortality rate of VLBW infants. In the case 
of PPROM, there is an increased risk of premature birth, lead-
ing to higher neonatal mortality due to an increased incidence 
of early neonatal sepsis and pneumonia from intra-amniotic 
infection (34). However, the presence of an infection is more 
critical than PPROM, and infections are related to chorioamni-
onitis, duration of membrane rupture, and neurodevelopmen-
tal impairment (35). Several other studies have reported that, 
with PPROM, antibiotics and corticosteroids have a strong ef-
fect in reducing adverse neonatal outcomes such as RDS and 
IVH (36). This study also revealed that, with PPROM, the mor-
tality rate of the control group decreased to a HR of 0.71. The 
rate of PPROM was significantly high in the survival group upon 
a simple comparison of all studied VLBW infants. There was no 
difference in chorioamnionitis between the two groups, sug-
gesting that there is chorioamnionitis-independent protective 
effect with PPROM. Further research with larger numbers is re-
quired to verify the significant drop in gastrointestinal-specific 
mortality due to PPROM shown in this study.
 Antenatal steroid injections for the pregnant women are wide-
ly known to lower the incidence of RDS and mortality rate of 
premature infants by inducing lung maturation. According to 
the 2006 Cochrane Database, antenatal steroid injections also 
lowered the incidence of IVH and NEC by influencing the cir-
culatory stability of preterm infants (37). Analogous to preced-
ing reports, this study also revealed a decrease in overall mor-
tality after frequency matching (HR, 0.67), particularly in the 
risk of death from cardiorespiratory problem (HR, 0.43) among 
the various major causes of death. 
 A cesarean section (c-sec) delivery had a lower risk of death, 
but there were no statistically significant differences after fre-
quency matching and a Cox regression analysis. Previous stud-
ies reported that c-sec lowered the risk of death, probably due 
to the full preparation required when performing a c-sec rather 
than the direct effect of the delivery method itself (38). There 
were only 30 deliveries (1.8%) outside the hospital in the study, 
but their risk of death (HR) from infection was 5.09 times high-

er. To lower the mortality rate of deliveries outside the hospital, 
aggressive handling is required for emergency transfer and in-
fection management.
 In this study, we found that the cause-specific risk of death in 
VLBW infants varied by postnatal age and GA. The predominant 
causes of mortality were cardiorespiratory and neurological 
problems in the first week, infections between the first week 
and first month, and gastrointestinal problems between the 
second week and second month of life. Cardiorespiratory prob-
lems were the most common cause of death in all infants born 
at 22-31 weeks. Infections were the second most common cause 
of death at 22-24 and 28-31 weeks and gastrointestinal problem 
were the second most common cause of death at 25-27 weeks 
of GA. These findings are consistent with other studies, which 
found that about half of all deaths of premature infants occurr-
ed within two weeks of age and respiratory morbidity is the most 
common cause of death in premature infants (12). 
 This study was limited by its small size, lack of comparison of 
inter-NICU outcome, and lack of evaluation of the long-term 
outcome of surviving infants after NICU discharge. However, 
this is the first study using KNN data to examine the risk factors 
for cause-specific mortality of VLBW infants. KNN has taken 
the first steps in gathering knowledge on the outcomes of pre-
term infants and the risk factors for mortality and morbidities 
in Korea. More data will be collected in the future. 
 We conclude that, according to a Cox proportional hazards 
regressions analysis, foreign mother, SGA, AS ≤ 3 at 5 min and 
DR resuscitation were associated with increase in mortality and 
PPROM and antenatal steroid were associated with decreased 
mortality. Based on categorical causes of death, foreign mother, 
multiple gestation, SGA, male gender, Apgar score ≤ 3 at 5 min, 
and resuscitation in the delivery room are associated with car-
diorespiratory mortality of VLBW infants in NICU. An Apgar 
score ≤ 3 at 5 min and outborn status are associated with neu-
rological and infection mortality, respectively.
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