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The first month of life is the most vulnerable period for child survival. Newborns who are born too
soon or too small, or sick, are at the greatest risk of death. Objective of the study was to delve into
neonatal mortality and low birth weight (LBW) survival at hospitals in Indonesia. It was a retrospective
cohort on the neonates cared at 12 hospitals in various islands of Indonesia during August-October
2021. Inclusion criteria were singleton and age 0-28 days, whereas exclusion criteria were incomplete
medical records and gestational age = 42 weeks. Of 2726 neonates, 2017 were eligible for the study.
Multivariate logistic regression analysis exhibited LBW had the highest mortality risk, followed

by referral neonates. The highest mortality risks at birth were asphyxia and major congenital
abnormalities, subsequently. During the early neonatal period, the highest mortality risks were
respiratory distress and feeding problem, consecutively. At 7-28 days of life, the feeding problem was
the highest mortality risk. Kaplan Meier analysis suggested early neonatal death in LBW and Normal
Birth Weight (NBW) infants was almost similar at aged 6 days. At neonatal period, however, the
average age of neonatal death in LBW infants was 21 days, whereas in NBW 26 days.

Keywords Neonatal mortality, Low birth weight, Hospitals, Indonesia, Multicenter study

Abbreviations

ANC antenatal care

CI confidence interval

EN early neonatal

IDHS  indonesian demographic health surveillance
IVH intraventricular haemorrhage

LBW low birth weight

LMIC low medium income countries
LN late neonatal

NBW normal birth weight

NICU neonatal intensive care unit
OR odd ratio

SGA small for gestational age
WHO  world health organization
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The first month of life is the most vulnerable period for child survival, which is among the most vulnerable
periods of life and requires intensified quality of intrapartum and newborn care!. Current trends indicate that
63 countries are not on track to achieve the 2030 Sustainable Development Goals target of a neonatal mortality
rate<12 per 1000 live births, with 55 needing to double the annual rate of decline in neonatal mortality to do
so%3,

Newborns who are born too soon or too small, or who become sick, are at the greatest risk of death and
disability. Every year, an estimated 2.5 million newborns die during the first 28 days of life. It had been estimated
that as many as 80% of all neonatal deaths in the world occurred in LBW infants, of whom two-thirds are
probably preterm and one-third SGA®. In addition, a further estimated 1 million small and sick newborns
survive with a long-term disability*®. The fact that every fourth baby in the world is born too soon or born too
small is a concern for human rights, public health, national economy and development. By not addressing this
priority, we are jeopardising our collective future®.

There have not been any published multicentre studies on LBW and neonates conducted at hospitals in
Indonesia. The objective was to delve into at birth, early neonatal, late neonatal, neonatal mortality, and LBW
survival at hospitals in Indonesia.

Methods

It was a retrospective cohort study on the neonates taken care at 12 hospitals in various islands of Indonesia from
August to October 2021. The inclusion criteria were singleton and age 0-28 days, whereas exclusion criteria were
incomplete medical records and gestational age > 42 weeks.

The dependent variable was the neonatal mortality occurring while the neonates were being cared for at
the hospitals; the independent variable was LBW; while confounding variables included mothers’ and infants’
conditions. Infants’ conditions included sex, place of birth, method of delivery, gestational age, condition
at birth, condition at early neonatal (EN) <7 days old, and condition at late neonatal (LN) 7-28 days of age.
Mothers’ conditions covered mothers™ ages, parity, antenatal care (ANC), mothers’ medical problems, and
current obstetric problems.

The data were extracted from the medical records of each hospital. Neonatal mortality was classified into “yes”
and “no”. Birth weight was declared with LBW (birth weight <2500 gram) “yes” and “no”. Sex was determined
by the physical examination and was categorized into boy and girl. Place of birth referred to the settings where
the infants were delivered, which were divided into born at the hospitals and outside the hospitals or referral
infants. Methods of delivery were defined as vaginal delivery or caesarean section. Gestational age was recorded
from the medical records and was measured based on antenatal ultrasonography or estimated gestational age by
Dubowitz score or sick or weak neonates declared in complete weeks by Ballard score.

Conditions at birth included asphyxia, major congenital anomaly, and birth trauma. Asphyxia was a condition
in which an infant was born breathless or he/she required a resuscitation with positive pressure ventilation
or umbilical cord blood PH <7.2; which was classified into “yes” and “no”. Major congenital anomalies or life
threatening syndromes were stated in “yes” and “no”. Birth trauma referred to the trauma that occurred during
the delivery process and was declared in “yes” and “no”

Some conditions found in the neonates at EN or at LN may take the forms of respiratory distress, sepsis,
jaundice, seizure, haemorrhage, and feeding problem. Respiratory distress referred to a condition in which
neonates breathed at higher or lower than normal frequency, did not breathe at all, or developed cyanosis by
Downes score with >4; which was divided into “yes” and “no”. Sepsis was a systemic infection in neonates and
was clinically stated by at least 4 symptoms and signs present in general condition, cardiovascular, respiration,
haematology, central nervous system, and gastrointestinal, which was categorized into “yes” and “no”. Jaundice
was characterized by yellowish skin or mucous membrane with bilirubin level higher than normal, and was
stated in “yes” and “no”. Seizure was defined as neonates’ rhythmic movements, which was divided into “yes”
and “no”. Haemorrhage referred to visible or invisible bleeding such as in periventricular bleeding and was
categorized into “present” or “none”. Feeding problem was defined as troubled enteral feeding which may have
been caused by feeding difficulties or feeding intolerance characterized by abdominal distention or vomit or the
presence of abdominal residual as much as % of being fed’; it was declared in “present” and “none”

Mother’s age was classified into <20 years (high risk), 20-34 years (low risk), and > 35 years (high risk);
which was divided into “yes” and “no”. Parity refers to a situation in which the mother had previously given birth,
which was categorized into high risk if there was 1 parity or =5 and no high risk if there were 2—4 parities. The
ANC was defined as care of a pregnant mother at the health facility for at least 4 times during her pregnancy,
which was then classified into “yes” and “no”. Mother’s medical problem referred to the problem that the mother
suffered during her pregnancy, and this was divided into present and none. Obstetric problem was defined as
the pregnancy and delivery-related case that the mother encountered; which was stated as present and none.

The characteristics of the data of each variable were presented in the univariate table. Bivariate analyses
among the independent variable, confounding variable, and dependent variable were considered to have a
significant difference if p <0.05; calculated by Odds Ratio (OR) with confidence interval (CI) 95%. The analysis
of multivariate logistic regression was obtained from the variable whose bivariate result was p <0.25. Kaplan
Meier survival curve was used to observe the mean survival time with the CI 95% of both LBW and NBW infants
at EN and neonatal period.

All methods were carried out in accordance with relevant guidelines and regulations of each hospital
participating in this study, even though the operational definition was the same. The protocol of diagnosis
recording at every hospital was in line with the national guideline. The management of the missing data and
different methods of diagnosis recording in various hospitals is presented.
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Results

There were 2726 neonates collected, 2017 of whom were eligible for our study. Incomplete medical records,
which were dominated by unclear time of death, were the reason for exclusion. Of 2017 neonates, 765 (38%)
were LBW and 1252 (62%) were NBW (Fig. 1).

We found 323 (16%) neonatal deaths and 1694 (84%) survivors among the eligible neonates. Among NBW,
there were 97 (7.7%) neonatal deaths and 1155 (92.3%) survivors, whereas among the LBW infants there were
226 (29.5%) neonatal deaths and 539 (70.5%) survived until 28 days (Table 1).

The mortality among the total neonates in neonatal period was 323 (16%), in EN period 182 (9%) and in LN
period showed 141 (7%). Meanwhile, the mortality among LBW, in the neonatal period was 226 (29.5%), in EN
period 133 (17.4%), and in LN 93 (12.1%).

Mother’s characteristics of death of the neonates who lived until 28 days included mother’s age, parity, ANC
at least 4 times during pregnancy, mother’s medical problem, and current obstetric problem (Table 2).

Bivariate analysis showed referral birth place, LBW, preterm, mother’s age with risks, mother’s current
medical problem that posed mortality risks. Meanwhile, conditions at birth which potentially resulted in death
included asphyxia, major congenital anomalies, and birth trauma, respectively. Some conditions that were likely
to bring the risks to infants at EN mortality were feeding problem, haemorrhage, respiratory distress, seizure,
sepsis, and jaundice, successively. The risks of LN mortality included seizure, feeding problem, haemorrhage,
respiratory distress, sepsis, and jaundice, consecutively (Table 3).

The multivariate logistic regression analysis exhibited LBW had the highest mortality risk, followed by
referral birth place, whereas gestational age showed insignificant difference. The highest mortality risks at birth
were asphyxia and major congenital abnormalities, subsequently. During the EN period, the highest mortality
risks were respiratory distress and feeding problem, consecutively. Meanwhile, sepsis, seizure, and haemorrhage
posed insignificant differences in mortality risks. At LN period, feeding problem was the highest mortality risk in
infants; however, we did not find any significant difference among respiratory distress, seizure, and haemorrhage
as the mortality risks (Table 3).

Kaplan Meier analysis suggested EN mortality in LBW and NBW infants was almost similar, approximately
at 6 days of life (Fig. 2). At neonatal period, however, the average age of mortality of LBW infants was 21 days,
whereas in NBW was 26 days (Fig. 3).

Discussion

The present study showed that the proportion of neonatal mortality was 16%. A similar result was found at
the Neonatal Intensive Care Unit (NICU) in western Ethiopia®. The neonatal mortality in our study, however,
was lower than that of the NICU-based study conducted in Nigeria and Kenya, which was 18,7%° and it was
also lower than Desalev’s in eastern Ethiopia, which was 20%. Greater efforts are needed to address the very
high burden of illnesses and mortality in hospitalized newborns!?. Our study reported neonatal mortality
among LBW in the EN period was 17.4% and in LN period 12.1%, whereas Debere recounted that, among

2726 neonates
cared at 12 hospitals
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Fig. 1. Study course.

Scientific Reports|  (2025) 15:31607 | https://doi.org/10.1038/s41598-025-16401-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Mortality of neonates who lived until 28
days
Mortality | Live Total
Neonatal characteristic | (n=323) (n=1252) (N=2017)
Sex
Boy 170 | 15.5% | 929 | 84.5% | 1099 | 100.0%
Girl 153 | 16.7% | 765 | 83.3% | 918 | 100%
Place of birth
Referral neonates 143 | 31.0% | 319 | 69.0% | 462 | 100.0%
Born at hospitals 180 | 11.6% | 1375 | 88.4% | 1555 | 100.0%
Methods of delivery
Caesarean section 161 | 13.5% | 1033 | 86.5% | 1194 | 100.0%
Vaginal 162 | 19.7% | 661 | 80.3% | 823 | 100.0%
Birthweight (gram)
<2500 (LBW) 226 |29.5% | 539 |70.5% | 765 | 100.0%
>2500 (NBW) 97 | 7.7% | 1155 | 92.3% | 1252 | 100.0%
Gestational age (weeks)
<28 weeks 25 | 54.3% 21 | 45.7% 46 | 100.0%
28-32 weeks 58 [20.3% | 228 | 79.7% | 286 | 100.0%
33-34 weeks 37 | 11.3% | 290 | 88.7% | 327 | 100.0%
35-36 weeks 19 | 5.0% | 359 |95.0% | 378 | 100.0%
237 weeks 43 | 44% | 937 |95.6% | 980 | 100.0%
Condition at birth
Asphyxia
Yes 162 | 48.4% | 173 |51.6% | 335 | 100.0%
No 161 | 9.6% | 1521 | 90.4% | 1682 | 100.0%
Congenital anomaly
Yes 135 | 31.9% | 288 | 68.1% | 423 | 100.0%
No 188 | 11.8% | 1406 | 88.2% | 1594 | 100.0%
Birth trauma
Yes 11 | 16.7% 55 | 83.3% 66 | 100.0%
No 312 | 16.0% | 1639 | 84.0% | 1951 | 100.0%
Conditions at age <7 DAYS
Respiratory distress
Yes 181 | 49.5% | 185 | 50.5% | 366 | 100.0%
No 142 | 8.6% | 1509 | 91.4% | 1651 | 100.0%
Neonatal sepsis
Yes 157 | 39.8% | 237 | 60.2% | 394 | 100.0%
No 166 | 10.2% | 1457 | 89.8% | 1623 | 100.0%
Jaundice
Yes 93 | 17.5% | 439 | 82.5% | 532 | 100.0%
No 230 | 15.5% | 1255 | 84.5% | 1485 | 100.0%
Seizure
Yes 32 | 59.3% 22 | 40.7% 54 | 100.0%
No 291 | 14.8% | 1672 | 85.2% | 1963 | 100.0%
Haemorrhage
Present 38 | 67.9% 18 | 32.1% 56 | 100.0%
None 285 | 14.5% | 1676 | 85.5% | 1961 | 100.0%
Feeding problem
Present 76 | 66.1% 39 [33.9% | 115 | 100.0%
None 247 | 13.0% | 1655 | 87.0% | 1902 | 100.0%
Conditions at age 7-28 DAYS
Respiratory distress
Yes 72 | 46.2% 84 | 53.8% | 156 | 100.0%
No 251 | 13.5% | 1610 | 86.5% | 1861 | 100.0%
Neonatal sepsis
Yes 68 | 38.4% | 109 |61.6% | 177 | 100.0%
No 255 | 13.9% | 1585 | 86.1% | 1840 | 100.0%
Continued
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Mortality of neonates who lived until 28

days

Mortality | Live Total
Neonatal characteristic | (n=323) (n=1252) (N=2017)
Jaundice
Yes 34 | 33.3% 68 | 66.7% | 102 | 100.0%
No 289 | 15.1% | 1626 | 84.9% | 1915 | 100.0%
Seizure
Yes 14 | 63.6% 8 | 36.4% 22 | 100.0%
No 309 | 15.5% | 1686 | 84.5% | 1995 | 100.0%
Haemorrhage
Present 22 | 61.1% 14 | 38.9% 36 | 100.0%
None 301 | 15.2% | 1680 | 84.8% | 1981 | 100.0%
Feeding problem
Present 43 | 59.7% 29 | 40.3% 72 | 100.0%
None 280 | 14.4% | 1665 | 85.6% | 1945 | 100.0%

Table 1. Neonatal characteristics LBW = Low Birth Weight, NBW = Normal Birth Weight.

Mortality of neonates who lived until 28

days

Mortality | Live Total
Mother’s characteristic (n=323) (n=1252) (N=2017)
Mother’s age
High risk (20 or =35 years | 102 | 20.7% | 391 | 79.3% | 493 | 100.0%
Low risk (20-34 years) 221 | 14.5% | 1303 | 85.5% | 1524 | 100.0%
Parity
High risk (1 or 25 120 | 14.8% | 692 | 85.2% | 812 | 100.0%
No high risk (2-4) 203 | 16.8% | 1002 | 83.2% | 1205 | 100.0%
ANC at least 4 times during pregnancy
No 44 | 15.0% | 250 | 85.0% | 294 | 100.0%
Yes 279 | 16.2% | 1444 | 83.8% | 1723 | 100.0%

Mother’s medical problem

Present 124 | 18.4% | 550 | 81.6% | 674 | 100.0%
None 199 | 14.8% | 1144 | 85.2% | 1343 | 100.0%
Obstetric problem

Present 127 [ 16.0% | 669 | 84% 796 | 100%
None 196 | 16% 1025 | 84% 1221 | 100%

Table 2. Mother’s characteristics ANC = Antenatal Care.

birthweight <2000 gram in 5 hospitals in Ethiopia, the neonatal mortalities during the EN and LN period were
23.02% and 6.68%, respectively'’.

Neonatal factors

Our study found 29.5% of LBW infants death, and a mortality risk with OR 2.56. The mortality risk in our study
was lower than that in Eyebaru’s study, which reported neonatal mortality risk in LBW with adjusted OR 4.01'%.
Eshete reported 42.3% of the LBW neonates died during the first week of life!*. Other studies mentioned that
LBW infants with complications were one of the causes of neonatal death at hospitals'*. A quality improvement
intervention was associated with decreased mortality among infants with birth weight between 1500 and 2499 g.
Further efforts are needed to improve the prognosis in very low birth weight infants'>. Woelile also reported 2
of 7 LBW infants died during the observation period. Therefore, the health personnel and policy makers need to
know the early diagnosis and management of LBW infants with complications'®. The lower neonatal mortality
risk in our study may have been caused by the fact that we included the infants with birth weight <2500 g only.
Future studies need to classify the birth weight in detail.

A community-based study recounted, according to mother’s perception of baby’s size, neonates that mothers
perceived to be small had 3.46 times more risks of dying compared with average size neonates!”. From Indonesia
Demographic and Health Survey (IDHS) 2012-2017, Titaley revealed the strong association among LBW,
preterm birth, and EN mortality'®.
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Bivariate Multivariate
0Odds ratio 0Odds ratio
Variable 14 (C195%) |p (CI95%)
Dependent variable
] i .| 499 « | 256
LBW (birthweight < 2500 g) 0.00 3.85-6.47 0.00 1.80-3.64
Confounding variables
Neonatal factors
] . | 2671 1.20
Gestational age < 37 weeks 0.00 2.06-3.46 0.34 083-1.72
0.92
Boy 0501 o72-1.16
3.42 2.06
* *
Referral neonates 0.00% 1 5 66_a40 | 999" 149 286
] . | 0.64 0.85
Caesarean section 0.00 0.50-0.81 0.31 0.63-1.15
Condition at birth
] 8.85 3.80
* >t
Asphyxia 000" 1 676-1158 | 000 272532
] 3.51 2.07
* *
Congenital anomaly 0.00 270-450 |0:00 1.50-2.87
. 1.05
Birth trauma 1.00 0.54-2.03
Conditions at age <7 days
] ) . | 10.40 « | 2.57
Respiratory distress 0.00 7.96-13.59 0.00 1.71-3.86
) 5.81 1.22
*
Neonatal sepsis 0.00% 1 440752 1932 o182
. 1.16
Jaundice 0.32 0.89-1.51
] 8.36 1.55
*
Seizure 0.007 1 4 79_1459 | 024 | 075-3.20
L1241 1.95
Haemorrhage 0.00 6.99-22.06 0.07 0.96-3.96
i 13.06 « | 2:30
Feeding problem 0.00* 8.68-19.65 0.003 132-4.01
Conditions at age 7-28 days
] ) 5.50 1.23
*
Respiratory distress 0.00 3.91-7.74 0.56 0.62-2.44
] . |3.88 0.54
Neonatal sepsis 0.00 2.79-5.40 0.09 0.26-1.09
) 2.81 0.71
*
Jaundice 0.00 1.83-4.33 0.29 0.37-1.34
] . 1955 1.38
Seizure 0.00% 1397 2395 | 901 | 040-4.74
8.77 177
*
Haemorrhage 0.00 444-1733 0.24 0.68-4.65
] 8.82 2.61
" *
Feeding problem 0.00 5.41-1436 0.02 1.18-5.78
Mother’s factors
, . | 1.54 1.10
Mothers’ age (20 or > 35 years) 0.001 1.18-2.00 0.59 0.79-1.52
] 0.86 0.78
Parity (1 or >5) 024 | g 100 1912 | 05g 106
ANC at least 4 times during pregnancy | 0.66 091
g pregnancy | 0. 0.64-1.29
] 1.30 0.87
Maternal medical problem 0.05 101-1.66 0.38 0.63-1.19
) 0.99
Obstetric problem 1.00 0.78-1.27

Table 3. Analysis of the factors for mortality risks in neonates who lived for 28 days. ANC = Antenatal Care,
CI=Confidence Interval, p*<0.05 =significant difference.
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Mean survival time
Birthweight Estimate | Std. Error | CI 95%
<2500 g (LBW) | 6.32 0.06 6.19 | 6.44
>2500 g (NBW) | 6.87 0.02 6.82 | 691
Overall 6.66 0.03 6.60 | 6.72

Table 4. Observation survival time of early neonatal mortality at age <7 days. CI=Confidence Interval,
LBW = Low Birth Weight, NBW = Normal Birth Weight.

Survival Functions

Birth weight

LBW

—1>=2500 gr
LBW-censored

08! = > = 2500 gr-censored

+

Cum Survival

00 2,00 4.00 6.00

Age 0-7 days

Fig. 2. Kaplan Meier survival curve of neonatal mortality at age <7 days.

Mean survival time
Birthweight Estimate | Std. Error | CI 95%
<2500 g (LBW) | 21.99 0.36 21.28 | 22.69
>2500 g (NBW) | 26.52 0.15 26.22 | 26.82
Overall 24.80 0.17 24.46 | 25.14

Table 5. Observation survival time of neonatal mortality at age 28 days. CI=Confidence Interval, LBW =Low
Birth Weight, NBW =Normal Birth Weight.

Survival Functions

10 — Birth weight
= ——t .. | LBW
1> = 2500 gr
LBW-censored
08 b5 =

2500 gr-censored

06

04

Cum Survival

0o

.00 5.00 10.00 15.00 2000 2500 30.00

Age 0-28 days

Fig. 3. Kaplan Meier survival curve of neonatal mortality at age 28 days.
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In this study, the bivariate analysis on gestational age was significant with OR 2.67; however, the multivariate
analysis did not show the mortality risk. It was different from the result of the study conducted in 14 European
countries, which found wide neonatal mortality rate disparities with varying patterns by gestational age®®.

Referral neonates in our study had mortality risk with OR 2.06, which was similar to the result of the other
studies. The place of delivery was one of the neonatal mortality risks. It was reported that the neonates delivered
at the health centres had the mortality risk with adjusted OR 5.05'2. Nevertheless, health facility delivery is found
to reduce the risk of neonatal mortality by 29% in low and middle income countries (LMIC). Desalev reported
that a well-structured referral to the hospital with NICU was required in order to reduce neonatal mortality'.
It is recommended that the government emphasize accessible healthcare services and develop educational
programs that focus on facility-based deliveries, prenatal care, and postnatal care for expectant mothers?.

There were 54.49% boys in our study with the total proportion of mortality 76.23%. In the analysis, however,
it did not reveal the mortality risk. This result was different from that of the study on neonatal mortality at the
tertiary and secondary hospitals in Indonesia, which reported that boys had hazard ratio risk of 1.16?!. The
analysis of IDHS 2017%2 and a secondary analysis of demographic and health surveys conducted between 2015
and 2022 in 43 LMIC reported that male newborns had higher mortality risk significantly*®. Khadam explained
the significant predictors of neonatal mortality was male (p=0.004)%".

Our study did not present the difference in neonatal mortality between caesarean and vaginal delivery. It was
similar to Spung, which reported that caesarean delivery performed for very preterm neonates is associated with
decreased risk for death in the delivery room or within 24 h of delivery but was not associated with improvement
in the overall morbidity or mortality”>. However, Nugraha found that preterm infants born through caesarean
would decrease neonatal mortality?.

The proportion of asphyxia at birth in our study was 16.61% of total neonates, and multivariate analysis
unveiled the highest mortality risk with OR 3.80. It was similar to Eyebaru’s study, which reported asphyxia
with mortality risk of adjusted OR 3.85'2 In our study, the proportion of asphyxia was lower than in Desalew’s
(22.45%), which was a NICU-based study'’. Hospitals and health care workers should pay attention to neonates
admitted to NICU by strengthening early detection and treatment of health problems!2. The magnitude of ENM
is considerable and most of the determinants are preventable. Neonatal resuscitation as per national standard
within the first golden hour is a key. Ahmed showed newborn resuscitation had a protective effect and reduced
early newborn death by 70% with Adjusted OR 0.3%.

Cross sectional, community-based study using adapted verbal and social autopsy instruments showed the
causes of neonatal death in two districts in Indonesia was intrapartum-related infant, mainly birth asphyxia
(39%)28.

Neonatal mortality caused by major congenital anomalies in our study was 6.7%, which was higher than in
Desalew’s, reporting 4.08% at the NICU in Eastern Ethiopia!®. Our study showed mortality risks by multivariate
analysis was OR 2.08. Another study reported the mortality risk due to congenital abnormalities with OR 4.93°.
Our mortality risk was, however, lower than that in Nabwera’s study. This might have been induced by the
fact that 95% of the hospitals in our multicentre study were tertiary hospitals, to which the infants with major
congenital abnormalities were commonly referred. The hospitals were equipped with more adequate facilities
and availability of surgeons and other related specialists.

In this study, the proportion of respiratory distress during EN period was 18.5% with the mortality risk
OR 2.58, whereas during the LN period it was 7.73% with OR 1.23 without significance. Desalew in his study
in Ethiopia reported that respiratory distress was 16.3%'%. Meanwhile, Nabwera discovered that respiratory
conditions posed the mortality risk of 1.46°. The result of our study was slightly higher because most of the
hospitals where our study took place were tertiary referral and/or teaching hospitals where most severe medical
problems were managed. Haksari recounted respiratory distress posed the highest hazard ratio in early and
neonatal mortality?!. Preterm-small for gestational age (SGA) had the highest risk of respiratory distress with
complications of length of hospital stay and ventilator use. We should therefore be alert when dealing with
preterm-SGA infants®. In order to reduce the number of neonatal mortality, WHO recommends every district
have 80% of level 2 health facilities equipped with respiratory support such as continuous positive airway
pressure to take care of small and/or sick infants>>3%:31,

In our study, sepsis occurring at <7 days by bivariate analysis showed OR 5.81; however, multivariate
analysis exhibited OR 1.2 without significant difference. In the LN period, the mortality risk was only found by
bivariate analysis with OR 3.88. The result was different from that of another study which revealed early sepsis
with adjusted OR 3.93 was the factor significantly associated with neonatal mortality'!. One study on Mother
and Child Hospital in Aceh reported that sepsis was the most associated factor with neonatal mortality*?. The
different result may have been induced by the fact that our study reported clinical sepsis.

Seizure during EN period, by bivariate analysis, showed mortality risk with OR 6.36; however, by multivariate
analysis the mortality risk was OR 1.5 without a significant difference. In the LN period, the bivariate analysis
unveiled OR 9.55, whereas multivariate analysis found OR 1.38 without a significant difference. Another
study reported high seizure burdens with OR 4.33 were associated with increased odds of death. In a cohort
of neonates with seizures, death occurred predominantly after decisions to withdraw or withhold life-
sustaining intervention(s)**. Heiljic reported that the mortality rate in the first year of infants with seizures
during the neonatal period was 23%. The most common causes of seizures were birth asphyxia with hypoxic
ischemic encephalopathy for full-term were birth asphyxia with hypoxic ischemic encephalopathy and intra
periventricular haemorrhage for preterm infants. Death was more common in preterm than in term infants
(p<0,005). In this cohort of neonates with seizures, asphyxia requiring neonatal resuscitation was the primary
risk factor for death®.

The haemorrhage proportion in our study during EN period was 1.8%, with mortality risk by bivariate analysis
OR 12.42. During LN period, the proportion of haemorrhage was 2.78%, with mortality risk by bivariate analysis
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OR 8.8. Meanwhile, multivariate analysis revealed the EN mortality risk with OR 1.95 and LN mortality risk with
OR 1.77, although there was no significant difference between the two. The haemorrhage proportion on death
in this study was smaller than in Khadam’s study, which reported the mortality rate among the Intraventricular
Haemorrhage (IVH) preterm neonates was 38.9%%%. This happened because our study involved preterm and
full-term infants and did not focus merely on the IVH. Additionally, increased severity of IVH, early gestational
age, and LBW were associated with mortality in preterm neonates with IVH?%.

Feeding problem in our study had a mortality risk during the EN period with OR 2.9 and during LN period
with OR 2.3. It was similar to the result of other studies which revealed a high incidence of mortality among
LBW neonates with feeding problems. Furthermore, factors such as birth weight, trophic feeding initiation, low
Apgar score, and oedematous malnutrition were identified as predictors for mortality among LBW receiving
enteral feeding. Therefore, the priority of optimizing enteral feeding practices and enhancing the quality of care
provided to LBW neonates should be optimized!'®>*. Feeding problems are a major issue in neonatology, which
may take the forms of feeding difficulties and/or feeding intolerance, either which frequently brings clinicians
to withhold, decrease, or discontinue enteral feeds. Thus, they may hamper the establishment of an adequate
enteral nutrition and lead to a prolonged duration of both parenteral nutrition and central lines, with increased
risks of such complications as liver cholestasis or sepsis®’. The future study should focus on LBW infants only.

Mother's factors

Mother’s age with risks (<20 years and > 35 years) by bivariate analysis was 1.54, whereas the multivariate analysis
showed OR 1.13, but without a significant difference. It was different from the result of the study based on IDHS
2017, which reported that the mother’s age with risks was associated with neonatal mortality??. Kim also stated
that mothers > 40 years may become a risk factor for their EN mortality. This finding suggests public health
efforts should be taken to improve care for reproductive age of 25-34 years in order to reduce EN mortality®®.

Parity in our study was not a risk factor for neonatal mortality, which was different from Siahaan’s study that
used the IDHS data 2017. He revealed that parity >4 was significantly associated with neonatal mortality in
Indonesia. The more children are born to mothers, the higher the risk of neonatal death will be. While nulliparity
did not have a significant relationship with neonatal mortality, it was recommended that family planning
programs be increased to reduce parity and to avoid the risk of neonatal death®. Another study reported the
large sample from diverse settings, nulliparity was independently associated with both lower birthweight and
weight for age Z scores as well as higher neonatal mortality compared with multiparity. Nulliparous women < 18
years of age had the highest odds of adverse neonatal outcomes such as preterm, SGA, or death. Higher odds of
adverse outcomes were also seen among parity > 3 or age > 35 mothers*.

The proportion of ANC visits <4 times in our study was 21.8%, but without the mortality risk. The result
was different from that of the IDHS data-based study, reporting that the ANC visit <4 times was associated with
neonatal mortality?*. A study conducted at the NICU of a university referral hospital in western Ethiopia found
that lack of ANC visits affected neonatal mortality”.

The proportion of maternal medical problems in our study was 33.42%. The mortality risk by bivariate analysis
showed OR 1.3; however, multivariate analysis did not present a significant difference. This study did not discuss
the detailed maternal medical problem during pregnancy. Valadbeigi reported that undiagnosed underlying
diseases were related to neonatal mortality, which highlighted the importance of caring for and counselling about,
screening, and controlling blood sugar levels before and during pregnancy to prevent neonatal mortality by all
means possible*!. One study from India suggested that the maternal history of neonatal death is a potentially
useful risk factor to identify women and neonates who may need extended and enhanced pregnancy care?2. Dev,
using maternal birth histories from the Indonesia Family Life Survey panel data, established previous adverse
outcomes such as neonatal deaths and stillbirth could help identify high-risk pregnancies during prenatal care,
inform interventions, and improve health policy**.

Our study found 16% neonatal deaths in mothers with obstetric problems, which was not a risk factor for
neonatal mortality. It was different from the result of the study which was based on IDHS 2017, reporting that
there was a significant correlation between the complications during delivery and neonatal mortality after
controlling by variables of age, ANC visits, baby’s birth weight, and baby’s sex on neonatal mortality with
prevalence ratio 3.90%2

Mortality survival of LBW infants in our study was 21 days, which was higher than Woelie’s which reported
17 days'®. Debere, using the birth weight <2000 gram, recounted that the overall incident rate of neonatal
mortality was 16.17/1000'". The study did not, however, clarify the classification of the LBW infants. An analysis
by Kaplan Meier revealed that the increased survival age of NBW is more likely to improve their life expectancy.

Limitation and strength of study

Our study was a cohort-retrospective study which was dependent much on completeness of the medical records
at each hospital. Also, it did not specify the classifications of LBW, very low birth weight, and extreme low
birthweight infants. The things pertaining to undivided sepsis into early and late, no separation of indirect
and direct bilirubin, absence of detailed feeding problems, absence of information on the presence of NEC,
respiratory distress with or without ventilation, and absence of detailed information on mothers’ medical and
obstetric problems will be analysed in my future study. In addition, we only observed the neonates while they
were at the hospitals. It was a multicentre study which became the strength of our study since there have not
been any published reports on neonatal mortality in LBW infants at hospitals in Indonesia extracted from multi-
centre data.
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Conclusion

The highest neonatal mortality risks at hospitals in Indonesia were LBW and referral infants, respectively. At
birth, asphyxia and major congenital anomalies might serve as the highest mortality risks consecutively. EN
mortality risks included respiratory distress and feeding problem. Meanwhile, LN mortality risk at ages 7-28
days was feeding problem.

Kaplan Meier observation revealed EN mortality in LBW and NBW infants occurred approximately at 6 days
old, whereas an observation on the neonates for 28 days unveiled neonatal death in LBW at 21 days and NBW
at 26 days.

Hospitals and health care workers should pay attention to the neonates admitted to the NICU. Health care
providers should particularly be aware of whether mothers have given birth at the hospitals according to the
conditions of their fetus and neonates, know how to stabilize referral neonates, perform neonatal resuscitation
and identify and manage congenital anomalies, respiratory distress, and feeding problem. Also, they should
perform early detection and strengthen the quality improvement of the small newborns. All of the above require
improvement of the health service system from the government.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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