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ABSTRACT

Objective: With the increase in the preterm birth rate, the factors influencing mortality and 
morbidity in very-low-birth weight neonates have gained importance in recent years. The 
results of available studies on the influence of birth hour on the mortality and morbidity rates 
of preterm infants are contradictory. Moreover, no study on this topic has been conducted in 
our region.

Materials and Methods: This retrospective cohort study was conducted on 127 very-low-birth 
weight newborns based on birth hour. The newborns were divided into 2 groups, the first 
born during working hours (7:00 am to 11:59 pm) and the second born during after-hours care 
(12-6:59 am). Mortality and major diseases were compared using Statistical Package for the 
Social Sciences by Fisher’s exact tests, Pearson's chi-squared test, and independent t-tests. The 
statistical significance level for all analyses was set at P < .05 and the CI at 95%.

Results: Based on the results of this study in terms of neonatal mortality and major morbidities 
such as intraventricular hemorrhage and the need for prolonged mechanical ventilation, no 
significant difference was found between the 2 groups, but the difference in appearance, pulse, 
grimace, activity, respiration (APGAR) score at the fifth minute was statistically significant and 
was lower at the working hours. 

Conclusion: The results of the study may be due to appropriate allocation of resources, assign-
ment of tasks, and professionalism of care in our study area. Further study is needed to deter-
mine the differences in clinical care processes that cause these results.
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INTRODUCTION

With the increase in the preterm birth rate over the past 2 decades.1-3 the high mortality and 
morbidity rate of preterm infants, especially very-low-birth weight (VLBW) neonates, has 
become one of the major challenges, especially in developing countries. In the United States, 
this mortality rate has been reported to be 15%, while in our country, it is 29.1%.4-7 According 
to recent studies, infant mortality is directly related to prematurity and low birth weight.8

The initial care of these newborns, such as appropriate resuscitation and timely administration 
of surfactant, which has a great impact on reducing the mortality rate, is influenced by various 
factors such as the timing of birth. The mental and physical exhaustion of the staff,9 the lower 
number of nurses caring for the newborns during this period,10 the poorer access to paraclini-
cal facilities could be causes of these deaths.11,12 The results of epidemiologic studies toward 
the end of the 20th century raised concerns about the influence of the timing of birth of VLBW 
newborns on mortality and morbidity rates.13 In subsequent years, despite adjustment for risk 
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What is already known 
on this topic?
•	 With the increase in preterm 

birth rates over the past 2 
decades, the high mortality 
and morbidity rates of preterm 
infants, especially very-low-
birth weight (VLBW) neonates, 
have become one of the major 
challenges, especially in devel-
oping countries.

•	 Findings on factors affecting 
mortality and morbidity rates 
of these newborns, such as tim-
ing of birth (working hours and 
after-hours care), have been 
mixed.

What this study adds on 
this topic?
•	 This study found that the hour 

of birth did not affect the mor-
tality rate, IVH, or need for 
prolonged mechanical ven-
tilation in VLBW newborns at 
our hospital. However, APGAR 
at the fifth minute was signifi-
cantly lower in neonates born 
during after-hours care than 
in neonates born during work-
ing hours, although this did not 
result in a noticeable difference 
in the final outcome.
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factors,14,15 similarly variable results on mortality rates and seri-
ous adverse events such as increased risk of intraventricular 
hemorrhage (IVH)16 have been reported. However, recent study 
results from different countries have not yielded similar results 
and do not confirm the existence of such differences.17,18

Considering these contradictory results, we attempted to eval-
uate the correlation between postpartum delivery and mortal-
ity rates and morbidities such as IVH, low APGAR score, and 
the need for mechanical ventilation of VLBW newborns in our 
hospital to determine the necessary measures to be taken in 
their management system.

MATERIALS AND METHODS

Design
This retrospective cohort study was conducted between March 
2018 and March 2022 at Firoozabadi Teaching Hospital in 
Tehran-Iran after approval by the Research Ethics Committee 
of Iran University of Medical Sciences (IR.IUMS. REC.1401.933).

Participants
The clinical cases of all neonates with birth weight less than 
1500 g without severe congenital anomalies admitted to our 
neonatal intensive care unit were divided into 2 groups: the 
first group born during working hours between 7:00 am and 
11:59 pm, and the second group born during after-hours care 
between 12:00 am and 6:59 am.

During this time, staffing and access to paraclinical facilities 
are limited.

Infant information was obtained from clinical records (permis-
sion to use the information was obtained from the infants' par-
ents) and entered into the data collection checklist.

Neonates in both groups were compared in terms of death 
before discharge, need for prolonged mechanical ventilation 
(more than 72 hours), IVH, APGAR score, and other underly-
ing variables, including sex, birth weight, intrauterine growth 
restriction (IUGR), gestational age, route of delivery, maternal 
age, nationality, prolonged premature rupture of membranes 
(PROM), and, finally, underlying maternal diseases.

Statistical Analysis
Statistical analysis was conducted using Statistical Package 
for the Social Sciences version 20.0 (IBM Corp., Armonk, NY, 
USA). For normal distributed data, we used independent t-test. 
For categorical variables, Fisher's exact test and Pearson's chi-
squared test were used. The level of statistical significance for 
all of the analysie was set at P < .05, and CI was set at 95%.

RESULTS

Of 127 VLBW neonates born in the period of this study in our 
hospital, 95 neonates were born during working hours and 32 
were born during after-hours care, of which 48 and 13 out of 
them were expired, respectively. So there was not any substan-
tive difference in mortality rates (P = .33) (Figure 1).

Demographic Characteristics
Demographic findings of these neonates including maternal 
age and nationality, sex, birth weight, gestational age, and 
route of delivery did not show significant statistical difference 
between 2 groups (Table 1).

Major Neonatal Morbidities
Comparing the fifth minute APGAR score of these neonates, the 
mean of APGAR score in neonates born in the morning shift was 
significantly less than neonates born during after-hours care 
(P = .04) (Table 2).

Out of 95 neonates born during working hours, 66 needed pro-
longed mechanical ventilation which did not have any signifi-
cant difference compared to neonates born in after-hours care 
(P = .34) (Table 2).

Figure 1.  Mortality rates.

Table 1.  Demographic Characteristics

Variables

Working 
Hours, n = 95 

(74.8)

After-Hours 
Care, n = 32 

(25.2) P
Male* 50 (53) 18 (56) .72
Weight** (g) 1169 ± 266 1194 ± 230 .31
Mother age** (years) 28.4 ± 6 30.9 ± 5.6 .12
Gestation age** (weeks) 29.2 ± 3.1 29.8 ± 3.9 .69
Cesarean section* 67 (70.5) 22 (68.7) .84
Native citizen* 39 (41) 13 (40) .96
 Data are presented as mean ± SD or n (%).
*Pearson chi-square test.**Independent t-test.

Table 2.  Major Neonatal Morbidities

Variables

Working 
Hours, n = 95 

(74.8)

After-Hours 
Care, n = 32 

(25.2) P
APGAR score, median (IQR)
 1 minutes* 6 (3-6) 7 (5-7) .05
 5 minutes* 8 (5-8) 9 (7-9) .04
IUGR** 11 (12) 3 (10) .73
Ventilation applied** 66 (69.5) 25 (78) .34
PROM >18 hours*** 3 (3.2) 3 (9.3) .16
IVH** 39 (41) 17 (53.1) .23
IUGR, PROM. Data are presented as mean ± SD or number (%).
IUGR, intrauterine growth restriction; IQR, interquartile range; PROM, 
premature rupture of membranes. 
*Independent t-test.**Pearson chi-square test.***Fisher's exact test

528



Turk Arch Pediatr 2023; 58(5): 527-530 Houjaghani et al

No substantive difference was noticed while assessing the 
IUGR prevalence rate (P = .73) and prolonged PROM between 
2 groups (P = .16) (Table 2).

Results from brain sonography analysis during the first week of 
birth revealed 56 cases of IVH with varying degrees (Table 3); 
however, with no statistical difference between 2 study groups 
(P = .23) (Table 2).

Again, no substantive was difference noticed between 2 groups 
in terms of maternal diseases [diabetes mellitus (DM), preg-
nancy-induced hypertension (PIH), etc.] (P = .93) (Table 4).

DISCUSSION

In this study, conducted on 127 VLBW newborns over a 4-year 
period in a teaching hospital in Tehran, Iran, neonatal mortality 
and morbidity rates were examined both during working hours 
and after-hours care.

In a study conducted by Paccaud et al13 on more than 220 000 
newborns in Switzerland, the results of which were published 
in 1988, the difference between mortality rates during working 
hours and after-hours care was striking, and this difference was 
more pronounced in the late evening than in the early morning 
hours. Although this difference was also evident in the mortal-
ity rate of low birth weight neonates (LBW) (less than 2500 g), 
a separate analysis conducted for VLBW found no significant 
difference based on the hour of birth, which is also consistent 
with our current study. However, according to the investigator, 
interpretation of this result should be made with caution given 
the small number of study cases.

In another retrospective study conducted in 2005 by Gould 
et al14 on more than 3 million newborns based on the hour of 
birth, neonatal mortality rates were found to be substantially 
higher in the early hours of the night shift as well as in the last 
hours of the night compared with births in the morning shift. 
This difference in VLBW neonates was similar to other neonates, 
which is not consistent with our study. The fact that other prob-
able causes mentioned in their study, such as maternal age 
and nationality and, most importantly, different levels of hospi-
talization, were not considered in our study may justify this dif-
ference. To investigate staff fatigue as an important risk factor 
for neonatal outcomes after birth, the investigators conducted 

2 different studies, the first involving the early hours of the 
night shift (7:00 pm to 1:00 am) and the second involving the 
late hours of the night shift (1:00 am to 7:00 am), and the unsub-
stantiated difference between the 2 study groups reduced the 
possibility of personal fatigue as an important risk factor in 
neonatal care, which is similar to our results.

Previous studies found conflicting results in APGAR score depend-
ing on the hour of birth, whereas in the study by Eze et al,18 no sig-
nificant difference was found in APGAR score of newborns born in 
the morning, night, or weekend. Lee et al15 related the difference 
in APGAR score to the severity of the newborn's medical condition 
and the availability of specialists. In contrast, Abdel-Latif et al19 
attributed this difference to the likelihood of more unplanned 
births at these times. In our study, the difference in APGAR score 
at the fifth minute between neonates born during working hours 
and after-hours care was significant, but the mortality rate and 
the rate of severe complications such as IVH and the need for 
prolonged mechanical ventilation did not show significant differ-
ences between the 2 groups, which may be due to better care of 
neonates with unstable underlying conditions in our hospital.

In another study conducted in this area by Lee et al,15 neonates 
born under 32 weeks during the night shift had a 60% higher 
mortality rate compared with a comparison group born during 
the morning shift. Apart from other factors reducing mortal-
ity rates, the presence of fellows and attending neonatologists 
was responsible for a 40% reduction in mortality rates. Given 
the 24-hour presence of attending physicians in our hospital, 
this may explain our study results.

In the 2021 study by Yang et al17 to investigate the mortality and 
morbidity of extremely low birth weight (ELBW) newborns born 
at 23-24 weeks of gestation, hospitals providing care services 
were divided into 2 groups [mortality rate (MR) > 50% & MR 
< 50%]. The mortality rate of the first group (MR <50%) did 
not show any significant difference depending on the working 
hours but was significant in the second group (MR > 50%). The 
concordance of our study with group 1 of these above-men-
tioned hospitals may be due to the similar conditions in the 
treatment of our newborns.

In a study conducted by Jensen and Lorch16 on more than 47 000 
VLBW newborns in California and Pennsylvania, researchers 

Table 3.  Brain Sonography Analysis
Without IVH IVH Grade 1 IVH Grade 2 IVH Grade 3 IVH Grade 4 Total

Time Working hours 56 19 4 7 9 95
After-hours 15 13 2 0 2 32

Total 71 32 6 7 11 127
IVH, intraventricular hemorrhage.

Table 4.  Maternal Diseases Analysis

Healthy DM PIH
Other 

Diseases DM + PIH
DM + Other 
Diseases

PIH + Other 
Diseases Total

Time Working hours 59 1 19 11 3 1 1 95
After-hours 24 0 4 4 0 0 0 32

Total 83 1 23 15 3 1 1 127
DM, diabetes mellitus; PIH, pregnancy-induced hypertension.
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reported higher mortality, IVH, retinopathy of prematurity 
(ROP), and bronchopulmonary dysplasia (BPD) in newborns 
during follow-up. In contrast to our study, neonates born during 
follow-up had lower weight and gestational age, were mostly 
male, and had a higher prevalence of prolonged PROM and 
maternal underlying diseases, which may account for the dif-
ference in the 2 studies.

In the study conducted by Abdel-Latif et al19 on 8654 neonates 
with a gestational age of less than 32 weeks admitted to 10 
neonatal intensive care units (NICUs), it was found that despite 
the fact that 65% of these neonates were admitted to NICUs 
during after-hours care, the investigators did not observe any 
difference in mortality and morbidity rates between them and 
neonates admitted during working hours, which is consistent 
with our findings.

The relatively small number of cases and the limitation of the 
study to a single hospital limit the generalizability of the study 
results, and conducting similar studies in hospitals in our region 
is necessary to make more appropriate decisions.

CONCLUSION

In this study, we found no difference in mortality and severe 
morbidity except for the 5-minute APGAR score of VLBW new-
borns born in our teaching hospital during working hours or 
after-hours care. This may be due to appropriate distribution 
of resources, assignment of tasks, and professionalism of care 
in our study areas. Further research is needed to determine 
the differences in clinical care processes that lead to these 
outcomes.

As a take-home message, depending on conditions at indi-
vidual hospitals, delivery outside of hours does not necessarily 
mean a worse prognosis for babies.

Ethics Committee Approval: This study was approved by by the 
Research Ethics Committee of Iran University of Medical Sciences (IR.
IUMS. REC.1401.933).

Informed Consent: Only infants whose parents provided written 
informed consent forms allowing the authors to use the information 
from their files for research purposes were included in the study. These 
forms were obtained and present in their clinical records.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – H.H., R.B.; Design – Z.V., M.V.; Supervi-
sion – R.B., M.V.; Resources – H.H., N.M.; Materials – Z.V., R.B.; Data 
Collection and/or Processing – H.H., N.M.; Analysis and/or Interpreta-
tion – H.H., R.B.; Literature Search – N.M., Z.V.; Writing – H.H., R.B.; Criti-
cal Review – M.V., R.B.

Acknowledgment: The authors thank their colleagues and the staff of 
the neonatal intensive care unit of Firoozabadi Hospital, as well as Mr. 
Bahram Sabouri, who supported them with his expertise in conducting 
the study.

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: This research was supported by Firoozabadi Clinical 
Research Development Unit (FACRDU), Iran University of Medical Sci-
ences, Tehran, Iran, and received the code of ethics from IR.IUMS. 
REC.1401.933.

REFERENCES

1.	 Michaelis  IA, Krägeloh-Mann  I, Manyisane  N, Mazinu  MC, Jor-
daan ER. Prospective cohort study of mortality in very low birth-
weight infants in a single centre in the Eastern Cape Province, 
South Africa. BMJ Paediatr Open. 2021;5(1):e000918. [CrossRef]

2.	 Haas DM. Preterm birth. BMJ Clin Evid. 2011;2011:1404.
3.	 Bülbül A, Okan F, Şahin S, Nuhoğlu A. Mortality and morbidity of 

very low birth weight preterm infants: short-term outcomes (Pro-
Quest). Published Online September 1, 2008;94-98.

4.	 Rhoda NR, Velaphi S, Gebhardt GS, Kauchali S, Barron P. Reducing 
neonatal deaths in South Africa: progress and challenges. S Afr 
Med J. 2018;108(3a):9-16. [CrossRef]

5.	 Fanaroff AA, Stoll BJ, Wright LL, et al. Trends in neonatal morbidity 
and mortality for very low birthweight infants. Am J Obstet Gynecol. 
2007;196(2):147.e1-147.e8. [CrossRef]

6.	 Zahed Pasha Y, Ahmadpour-Kacho M, Alijanpour M, Behmadi R, 
Jahangir T. Prevalence of maple syrup urine disease in Amirkola 
Children’s Hospital, Iran (2002-2012). J Babol Univ Med Sci. 
2014;16(3):54-58.

7.	 Afjeh SA, Sabzehei MK, Fallahi M, Esmaili F. Outcome of very low 
birth weight infants over 3 years report from an Iranian center. 
Iran J Pediatr. 2013;23(5):579-587.

8.	 Shojania  KG, Duncan  BW, McDonald  KM, Wachter  RM, Markow-
itz AJ. Making health care safer: a critical analysis of patient safety 
practices. Evid Rep Technol Assess (Summ). 2001;43(43):i-x, 1-668.

9.	 Figueiredo  V, Bayer  S, Junior  IF. Infant mortality in a Brazilian 
municipality with a high human development index. Turk Arch 
Pediatr. 2022;57(6):630-636. [CrossRef]

10.	 Dexter F, Epstein RH, Marsh HM. Costs and risks of weekend anes-
thesia staffing at 6 independently managed surgical suites. AANA 
J. 2002;70(5):377-381.

11.	 Ward-Cook  K. Medical laboratory workforce trends and projec-
tions: what is past is prologue. Clin Leadersh Manag Rev. 
2002;16(6):364-369.

12.	 Bell  CM, Redelmeier  DA. Mortality among patients admitted to 
hospitals on weekends as compared with weekdays. N Engl J Med. 
2001;345(9):663-668. [CrossRef]

13.	 Paccaud F, Martin-Béran B, Gutzwiller F. Hour of birth as a prog-
nostic factor for perinatal death. Lancet. 1988;1(8581):340-343. 
[CrossRef]

14.	 Gould JB, Qin C, Chavez G. Time of birth and the risk of neonatal 
death. Obstet Gynecol. 2005;106(2):352-358. [CrossRef]

15.	 Lee SK, Lee DSC, Andrews WL, et al. Higher mortality rates among 
inborn infants admitted to neonatal intensive care units at night. J 
Pediatr. 2003;143(5):592-597. [CrossRef]

16.	 Jensen EA, Lorch SA. Association between off-peak hour birth and 
neonatal morbidity and mortality among very low birth weight 
infants. J Pediatr. 2017;186:41-48.e4. [CrossRef]

17.	 Yang M, Ahn SY, Jo HS, et al. Mortality and Morbidities according 
to Time of Birth in Extremely Low Birth Weight Infants. J Korean 
Med Sci. 2021;36(13):e86. [CrossRef]

18.	 Eze P, Lawani LO, Ukaegbe CI, Anozie OB, Iyoke CA. Association 
between time of delivery and poor perinatal outcomes -An evalu-
ation of deliveries in a tertiary hospital, South-East Nigeria. PLoS 
One Saleem S, ed. 2019;14(6):e0217943. [CrossRef]

19. Abdel-Latif ME, Bajuk B, Oei J, Lui K, New South Wales and the Aus-
tralian Capital Territory Neonatal Intensive Care Audit Group. 
Mortality and morbidities among very premature infants admitted 
after hours in an Australian Neonatal Intensive Care Unit network. 
Pediatrics. 2006;117(5):1632-1639. [CrossRef]

530

https://doi.org/10.1136/bmjpo-2020-000918
https://doi.org/10.7196/SAMJ.2017.v108i3b.12804
https://doi.org/10.1016/j.ajog.2006.09.014
https://doi.org/10.5152/TurkArchPediatr.2022.22146
https://doi.org/10.1056/NEJMsa003376
https://doi.org/10.1016/s0140-6736(88)91130-0
https://doi.org/10.1097/01.AOG.0000168627.33566.3c
https://doi.org/10.1067/s0022-3476(03)00367-6
https://doi.org/10.1016/j.jpeds.2017.02.007
https://doi.org/10.3346/jkms.2021.36.e86
https://doi.org/10.1371/journal.pone.0217943
https://doi.org/10.1542/peds.2005-1421

