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ABSTRACT

Background: Although the overall quality of high-risk neonatal care has improved recently, 
there is still concern about a difference in the quality of care when comparing off-hour births 
and regular-hour births. Moreover, there are no data in Korea regarding the impact of time of 
birth on mortality and morbidities in preterm infants.
Methods: A total of 3,220 infants weighing < 1,000 g and born at 23–34 weeks in 2013–2017 
were analyzed based on the Korean Neonatal Network data. Mortality and major morbidities 
were analyzed using logistic regression according to time of birth during off-hours 
(nighttime, weekend, and holiday) and regular hours. The institutes were sub-grouped into 
hospital group I and hospital group II based on the neonatal intensive care unit (NICU) care 
level defined by the mortality rates of < 50% and ≥ 50%, respectively, in infants born at 23–24 
weeks' gestation.
Results: The number of births during regular hours and off-hours was similar. In the total 
population and hospital group I, off-hour births were not associated with increased neonatal 
mortality and morbidities. However, in hospital group II, increased early mortality was found 
in the off-hour births when compared to regular-hour births.
Conclusion: Efforts to improve the overall quality of NICU are required to lower the early 
mortality rate in off-hour births. Also, other sensitive indexes for the evaluation of quality of 
NICU care should be further studied.

Keywords: Neonatal Mortality; Preterm Infants; Neonatal Intensive Care;  
Quality of Health Care; After-hours Care

INTRODUCTION

The association between neonatal mortality and time of birth has been well studied.1-13 
The incidence of night, weekend, or holiday births ranged from 27.7%–65% in other 
countries.2-5,8,13 Some studies have shown an increased risk of early neonatal mortality for 
nighttime and weekend births,2,5,8,9 but the results are not consistent.3,7 The reasons for this 
variation could be attributed to a difference in the physician’s availability and expertise in the 
neonatal intensive care unit (NICU), and the circadian rhythm affecting human alertness and 
work performance.2,9 This result has raised concern about differences in the quality of care 
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based on the time of birth; however, there have been no studies reporting such data in Korea. 
Thus, the purpose of this study was to investigate the time of birth and its association with 
early neonatal mortality and morbidities in Korea. The data were collected from the National 
Registry data, Korean Neonatal Network (KNN).14

In this study, we compared the risk-adjusted early neonatal mortality rates and major 
morbidities between extremely low birth weight infants (ELBWIs) at less than 35 weeks of 
gestation admitted during off-hours (nighttime, weekend, and public holidays) and those 
admitted during regular hours to NICUs in Korea from 2013 to 2017. Furthermore, after we 
sub-grouped institutes based on the NICU care level, which was defined by the mortality rate 
of infants born at 23–24 weeks (< or ≥ 50%),15,16 we compared the outcomes according to the 
time of birth between the two groups.

METHODS

Study population
We included ELBWIs born between 23 weeks 0 days and 34 weeks 6 days of gestation, who 
were enrolled in the database registry of the KNN from January 2013 to December 2017. The 
database registry of the KNN prospectively registered the clinical information of very low 
birth weight infants (VLBWIs) admitted to the 70 voluntarily participating NICUs, covering > 
70% of VLBWIs in Korea.14 VLBWIs who were actively resuscitated in the delivery room and 
admitted to the NICU were registered in the KNN. The KNN registry was approved by the 
Institutional Review Board of each participating hospital.

We collected data of 3,817 ELBWIs born at 23–34 weeks of gestation during the study period. 
To reduce skewing of the study outcomes, infants with out-born birth (birth from another 
institution or home delivery) (n = 138), transferred to another hospital (n = 268), having life-
threatening congenital anomalies (n = 103), and missing data regarding the time of birth (n = 14) 
were excluded. As we sub-grouped institutes by the NICU care level, defined by the mortality rate 
of infants born at 23–24 weeks, we excluded 74 infants from institutes without preterm deliveries 
between 23 and 24 weeks of gestation. Thus, the remaining 3,220 infants were included.

Data collection
We operationally defined the regular hours and off-hours. Regular-hour birth was defined as 
birth from 7:00 am to 6:59 pm Monday to Friday, excluding national holidays in the Republic 
of Korea. Off-hour birth was defined as birth at any time other than the defined regular 
hours, i.e., from 7:00 pm Monday to Friday to 6:59 am the following day, and from 7:00 am 
on a weekend or national holiday to 6:59 am the next day.

We also sub-grouped hospitals according to their NICU care level, defined by the mortality 
of infants born at 23–24 weeks of gestation. The median mortality rate of peri-viable infants 
born at 23–24 weeks of gestation was approximately 50% in the KNN data, and based on this, 
there were previous studies comparing of clinical outcome after subgrouping by mortality rate, 
50%.15,16 Hospital group I included institutes with < 50% mortality rate, while hospital group 
II included institutes with a ≥ 50% mortality rate in infants born at 23–24 weeks of gestation.

We compared maternal and neonatal variables, including gestational age (GA), birth 
weight, sex, Apgar scores at 1 and 5 minutes, small for gestational age (SGA), early onset 
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sepsis (EOS), mode of delivery, maternal diabetes, pregnancy-induced hypertension (PIH), 
chorioamnionitis, premature rupture of membranes (PROM), and antenatal steroid between 
the regular and off-hour births in hospital groups I and II.

The outcome variable was death of an infant before discharge (within approximately 24 hours, 
72 hours, 1 week, and 28 days after birth, and total mortality rates). We also compared various 
major morbidities, including air leak syndrome (ALS), necrotizing enterocolitis (NEC), 
retinopathy of prematurity (ROP), intraventricular hemorrhage (IVH), and bronchopulmonary 
disease (BPD) between regular and off-hour births in hospital groups I and II.

Definitions
The following definitions of the aforementioned terminologies were used in this study. SGA 
was defined as birth weight < 10th percentile for GA with reference to the pediatric growth 
chart released in 2017 by the Korean Centers for Disease Control and Prevention. EOS was 
defined as a positive blood culture obtained before postnatal day 7. Chorioamnionitis was 
confirmed by placental pathology, and PROM was defined as rupture of membranes over 
24 hours before the onset of labor. Antenatal steroid was defined as administration of a 
complete course of steroid to the mother, such as two doses of betamethasone or four doses 
of dexamethasone every 24 hours within a week of delivery. ALS was defined as radiologic 
findings of extrapulmonary air requiring chest tube insertion and drainage. NEC was defined 
as stage ≥ 2 according to the modified Bell criteria.17 ROP was defined as severe ROP leading 
to the need for surgery. IVH was defined as grade 3 or 4 according to the classification of 
Papile et al.18 BPD was defined as the use of supplemental oxygen or respiratory support at 
postnatal day 28 or more.

Statistical analysis
The statistical software Statistical Package for the Social Sciences version 25 (SPSS, IBM 
Corp., Armonk, NY, USA) was used for data analysis. We used the chi-square test to compare 
the differences in clinical characteristics for categorical variables, while the independent 
t-test was used to analyze continuous variables. Factors with P value < 0.05 at univariate 
analysis were included in the logistic regression models to determine the association between 
time of birth and the risk of neonatal mortality and morbidities. The adjusted odds ratio and 
95% confidence interval for each possible risk factor were calculated. A P value < 0.05 was 
considered statistically significant.

Ethics statement
The KNN registry was approved by the Institutional Review Board (IRB) of each participating 
hospital. Informed consent was obtained from the parents during enrollment by the NICUs 
participating in the KNN. All methods were conducted in accordance with the IRB-approved 
guidelines and protocol.

RESULTS

Overview daily and weekly patterns of births in ELBWIs
Fig. 1 shows the number of births by the day of the week. The number of births during regular 
and off-hours was 1,612 and 1,608, respectively. The number of births was highest on Monday 
and lowest on Sunday. We assessed the number of births by the day of the week according to 
the NICU care level grouped as hospital group I and hospital group II based on < 50% and 
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≥ 50% mortality rate, respectively, in infants born at 23–24 weeks. There was no difference 
observed between the two groups (Supplementary Fig. 1).

Fig. 2 shows the number of births by hour. During regular hours, the number of births was 
the highest between 11:00–11:59 am and lowest between 7:00–7:59 am. In off-hour births, 
the number of births was highest between 7:00–7:59 pm and lowest between 6:00–6:59 pm. 
The hourly distribution of births was similar between hospital group I and hospital group II 
(Supplementary Fig. 2).

Demographic characteristics
Demographic findings of infants according to time of birth and hospital sub-group 
are presented in Table 1. Infants born during off-hours showed lower GA, lower Apgar 
scores, lower incidence of SGA, cesarean section, antenatal steroid use, and PIH, and 
higher incidence of chorioamnionitis and EOS. These aforementioned trends in baseline 
characteristics were similar in both hospital groups I and II. However, in hospital group I, 
more male infants were born during off-hours. In hospital group II, the incidence of EOS was 
not significantly different between the regular hours and off-hours.

Mortality and major morbidities
Table 2 shows the mortality and major morbidities of ELBWIs. The early mortality rates 
(within approximately 24 and 72 hours and 1 week) and incidence of ROP in off-hour births 
were significantly higher when compared to the regular-hour births. After sub-grouping the 
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Fig. 1. Number of births by the day of the week during regular hours and off-hours.
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hospitals by their NICU care level based on the mortality rate in infants born at 23–24 weeks 
of gestation, no significant differences were noted in mortality rates according to time of 
birth in hospital group I. However, in hospital group II, the mortality rate of off-hour births 
was significantly higher than that of regular-hour births. In hospital group I, the incidence of 
ROP during off-hour births was significantly higher than that during regular-hour births. In 
hospital group II, the incidence of severe IVH in off-hour births was significantly higher than 
that in regular-hour births.

Association among mortality, major morbidities, and time of birth
Table 3 shows the results of the multivariate logistic regression analysis associated with 
mortality, major morbidities, and time of birth. In the total population and hospital group 
I, off-hour births were not associated with increased neonatal deaths and morbidities. 
However, in hospital group II, increased early mortality was found in the off-hour births 
when compared to regular-hour births.

5/9https://jkms.org https://doi.org/10.3346/jkms.2021.36.e86

Association between Time of Birth and Mortality

Table 1. Demographic and perinatal characteristics
Variables Total Hospital group I (mortality < 50%) Hospital group II (mortality ≥ 50%)

Regular hours  
(n = 1,612)

Off-hours  
(n = 1,608)

P value Regular hours  
(n = 722)

Off-hours  
(n = 772)

P value Regular hours  
(n = 890)

Off-hours  
(n = 836)

P value

GA, wk 26.9 ± 2.4 26.2 ± 2.0 < 0.001* 26.9 ± 2.4 26.2 ± 2.0 < 0.001* 26.8 ± 2.3 26.2 ± 2.0 < 0.001*
Birth weight, g 773.3 ± 154.6 775.7 ± 149.0 0.655 761.9 ± 160.8 766.4 ± 153.2 0.576 782.6 ± 148.8 784.3 ± 144.5 0.811
Male sex 767 (47.6) 785 (48.8) 0.482 332 (46.0) 397 (51.4) 0.035* 435 (48.9) 388 (46.4) 0.306
Apgar score, 1 min 3.9 ± 1.9 3.5 ± 1.9 < 0.001* 3.9 ± 1.9 3.7 ± 1.9 0.003* 3.8 ± 1.9 3.4 ± 1.8 < 0.001*
Apgar score, 5 min 6.2 ± 1.9 5.9 ± 2.0 < 0.001* 6.3 ± 1.8 6.1 ± 2.0 0.085 6.1 ± 2.0 5.8 ± 2.0 < 0.001*
SGA 586 (36.4) 384 (23.9) < 0.001* 286 (39.6) 203 (26.3) < 0.001* 300 (33.7) 181 (21.7) < 0.001*
EOS 91 (5.7) 142 (8.9) < 0.001* 29 (4.0) 67 (8.7) < 0.001* 62 (7.0) 75 (9.0) 0.118
C/S 1,353 (83.9) 1,139 (70.8) < 0.001* 609 (84.3) 549 (71.1) < 0.001* 744 (83.6) 590 (70.6) < 0.001*
Multiple pregnancy 501 (31.1) 518 (32.2) 0.489 231 (32.0) 273 (35.4) 0.169 270 (30.3) 245 (29.3) 0.640
Antenatal steroid 828/1,590 (52.1) 707/1,589 (44.5) < 0.001* 408/714 (57.1) 394/762 (51.7) 0.036* 420/876 (47.9) 313/827 (37.8) < 0.001*
Maternal DM 111 (6.9) 101 (6.3) 0.489 50 (6.9) 48 (6.2) 0.581 61 (6.9) 53 (6.3) 0.667
PIH 353 (21.9) 219 (13.6) < 0.001* 153 (21.2) 112 (14.5) 0.001* 200 (22.5) 107 (12.8) < 0.001*
Chorioamnionitis 511/1,381 (37.0) 642/1,382 (46.5) < 0.001* 281/672 (41.8) 358/723 (49.5) 0.004* 230/709 (32.4) 284/659 (43.1) < 0.001*
PROM 397/1,606 (24.7) 432/1,599 (27.0) 0.138 188 (26.0) 223/768 (29.0) 0.196 209/884 (23.6) 209/831 (25.2) 0.467
Data are presented as mean ± standard deviation or number (%).
GA = gestational age, SGA = small for gestational age, EOS = early onset sepsis, C/S = cesarean section, DM = diabetes mellitus, PIH = pregnancy-induced 
hypertension, PROM = premature rupture of membrane.
*P < 0.05.

Table 2. Mortality and major morbidities
Variables Total Hospital group I (mortality < 50%) Hospital group II (mortality ≥ 50%)

Regular hours  
(n = 1,612)

Off-hours  
(n = 1,608)

P value Regular hours  
(n = 722)

Off-hours  
(n = 772)

P value Regular hours  
(n = 890)

Off-hours  
(n = 836)

P value

Mortality
Total 452 (28.0) 501 (31.2) 0.053 139 (19.3) 157 (20.3) 0.599 313 (35.2) 344 (41.1) 0.011*
Within 24 hr 56 (3.5) 93 (5.8) 0.002* 19 (2.6) 23 (3.0) 0.685 37 (4.2) 70 (8.4) < 0.001*
Within 72 hr 104 (6.5) 145 (9.0) 0.006* 37 (5.1) 42 (5.4) 0.785 67 (7.5) 103 (12.3) 0.001*
Within 1 wk 170 (10.5) 218 (13.6) 0.009* 56 (7.8) 60 (7.8) 0.991 114 (12.8) 158 (18.9) 0.001*
Within 28 days 339 (21.0) 382 (23.8) 0.064 100 (13.9) 114 (14.8) 0.613 239 (26.9) 268 (32.1) 0.018*

ALS 151 (9.4) 179 (11.1) 0.099 58 (8.0) 77 (10.0) 0.191 93 (10.4) 102 (12.2) 0.251
NEC ≥ stage 2 168/1,589 (10.6) 188/1,587 (11.8) 0.255 70/715 (9.8) 77/767 (10.0) 0.873 98/874 (11.2) 111/820 (13.5) 0.146
ROP 221/1,219 (18.1) 270/1,179 (22.9) 0.004* 120/606 (19.8) 170/642 (26.5) 0.005* 101/613 (16.5) 100/537 (18.6) 0.339
IVH ≥ grade 3 243/1,524 (15.9) 263/1,480 (17.8) 0.181 99/695 (14.2) 102/735 (13.9) 0.842 144/829 (17.4) 161/745 (21.6) 0.034*
BPD 1,032 (64.0) 1,023 (63.6) 0.813 493 (68.3) 532 (68.9) 0.793 359 (60.6) 491 (57.8) 0.439
Data are presented as mean ± standard deviation or number (%).
ALS = air leak syndrome, NEC = necrotizing enterocolitis, ROP = retinopathy of prematurity, IVH = intraventricular hemorrhage, BPD = bronchopulmonary dysplasia.
*P < 0.05.



Thus, for ELBWIs born in institutes with ≥ 50% mortality rate at 23–24 weeks of gestation, 
off-hours birth was associated with an increased risk of early mortality.

DISCUSSION

We investigated the number of ELBWIs born at 23 weeks 0 days to 34 weeks 6 days of 
gestation during regular hours and off-hours in Korea based on KNN data and found that 
the numbers were similar (50.06% vs. 49.94%). After adjusting for multivariate analysis, 
we found that lower quality NICUs, i.e., institutes with ≥ 50% mortality rate in infants born 
at 23–24 weeks' gestation, showed increased early mortality rates in off-hour births than in 
regular-hour births.

To our knowledge, this is the first study that analyzed mortality by birth time using a national 
registry in Korea. This study has demonstrated that birth time influences the outcome of 
ELBWIs admitted to NICUs in Korea. We did not investigate whether the delivery was elective 
or emergency; however, a previous study found that infants born during regular hours were 
more likely to have had an elective delivery.3 This was further associated with infants showing 
an antenatal diagnosis of growth restriction and maternal PIH. In addition, infants born 
during off-hours were more likely to have had a less planned birth, as indicated by the lower 
rates of complete use of antenatal steroids and lower Apgar scores. This is consistent with 
other literature findings.19

The results of our study are contradictory to those of some international studies. Abdel-
Latif et al.3 categorized admission time as regular hours (8:00 am to 6:00 pm, Monday to 
Friday, excluding public holidays). They found that admission to the NICU during off-hours 
did not have a significant impact on early neonatal mortality. This could be attributed to the 
even distribution of on-floor NICU resident medical staff working around a structured shift 
roster, causing less fatigue in the staff. Gould et al.7 reported that there was no significant 
difference in the mortality rate among infants born on weekends and those born on weekdays 
in California, thus concluding that the quality of perinatal care was not compromised during 
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Table 3. Multivariate logistic regression analysis for mortality and morbidities
Outcome variables Total Hospital group I (mortality < 50%) Hospital group II (mortality ≥ 50%)

AORa,b 95% CI AORa,c 95% CI AORa,d 95% CI
Mortality

Total 0.94 0.77–1.13 0.87 0.65–1.18 1.13 0.86–1.45
Within 24 hr 1.16 0.76–1.76 0.61 0.30–1.25 1.83* 1.05–3.11
Within 72 hr 1.10 0.79–1.52 0.72 0.43–1.22 1.56* 1.02–2.38
Within 1 wk 1.02 0.78–1.33 0.66 0.43–1.03 1.41* 1.00–2.00
Within 28 days 0.89 0.72–1.09 0.84 0.60–1.18 1.01 0.77–1.33

ALS 1.07 0.82–1.39 0.71 0.51–1.01 1.11 0.77–1.58
NEC ≥ stage 2 0.99 0.77–1.26 0.97 0.67–1.40 1.05 0.75–1.46
ROP 1.06 0.84–1.35 1.12 0.81–1.54 0.97 0.88–1.08
IVH ≥ grade 3 0.83 0.66–1.04 0.71 0.51–1.01 1.00 0.74–1.35
BPD 0.93 0.79–1.10 0.85 0.67–1.10 0.94 0.75–1.19
AOR = adjusted odds ratio, CI = confidence interval, ALS = air leak syndrome, NEC = necrotizing enterocolitis, ROP = retinopathy of prematurity, IVH = 
intraventricular hemorrhage, BPD = bronchopulmonary dysplasia.
aOff-hour births vs. regular hour births (reference category); bAdjusted for gestational age, small for gestational age, delivery mode, pregnancy-induced 
hypertension, chorioamnionitis, antenatal steroid, and early onset sepsis, Apgar score at 1 min; cAdjusted for gestational age, sex, small for gestational age, 
delivery mode, pregnancy-induced hypertension, chorioamnionitis, antenatal steroid, and early onset sepsis, Apgar score at 1 min; dAdjusted for gestational age, 
small for gestational age, delivery mode, pregnancy-induced hypertension, chorioamnionitis, and antenatal steroid use, Apgar score at 1 min.
*P < 0.05.



the weekend. However, they did not investigate and control demographic factors that could 
have affected the results.

On the contrary, Luo and Karlberg5 reported higher mortality in infants who were born 
during the night (9:00 pm to 9:00 am). Lee et al.2 found that the risk-adjusted early neonatal 
mortality (death within 7 days of NICU admission) odds were 60% higher among inborn 
infants ≤ 32 weeks of gestation and admitted to NICUs at night (6:00 pm to 8:00 am). Results 
similar to our study were found in the aforementioned studies even though the definition 
of “off-hours” varied.6,8,9 The researchers speculated that the following factors could 
contribute to the increased mortality in nighttime or weekend births: decreased number of 
neonatologists and house staff (fellows, pediatric residents, clinical assistants, or neonatal 
nurse practitioners) at night, difference in physician availability and expertise, and variation 
in circadian rhythm affecting human alertness and work performance.2,7 However, we did 
not have data to compare the availability and experience of the medical staff between the off-
hours and regular hours.

We considered the level of neonatal care provided by the birth hospital, which is indicative 
of the mortality risk in infants born at night, to be influenced by hospital characteristics.4 In 
previous studies, wide institutional variations were evident regarding the mortality of infants 
born at 23–24 weeks' gestation.15,16 After categorizing infants into two groups based on 
institutional mortality rates of < 50% (hospital group I) and ≥ 50% (hospital group II) in this 
study, we compared the mortality according to the birth time stratified by the group.

There was little difference in the extent of disadvantage seen between off-hour births and 
regular-hour births in hospital group I, but early mortality was higher in off-hour births than 
in regular-hour births in hospital group II. This suggests that birth time was an important 
factor at the institute with higher mortality rates of periviable extremely preterm infants.

The incidence of ROP and BPD in hospital group I was significantly higher than hospital 
group II. Since the mortality rate in hospital group I was lower than hospital group II (19.8% 
vs. 38.1%), it is considered that complications related to long-term treatment and survival, 
such as BPD and ROP, were more developed in hospital group I.

The inevitable limitation of this study stems from the none of collected data on the 
differences between these two hospital groups. Therefore, additional information regarding 
the patient and staff volume, institutional level, staff workload, work shift, and level of 
hospital care for each group is needed. It is necessary to examine the impact of the level of 
care and access to diagnostic and therapeutic services, including obstetrics, anesthesiology, 
and radiology in each group.

Admission is the most vulnerable period for seriously ill infants, and early mortality is 
associated with this period. There is a difference in early mortality rate between off-hour and 
regular-hour births depending on the quality of care; therefore, efforts to improve the overall 
quality of NICU are required and other sensitive indexes for the evaluation of quality of NICU 
care should be further studied. Also, it should be a priority for perinatal care to identify 
causal factors of mortality in off-hour births and reduce mortality rates. The early mortality 
rate in off-hour births can be lowered by expansion and proper allocation of healthcare 
workers and infrastructure, and close cooperation between obstetricians and neonatologists.
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