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ARTICLE INFORMATION ABSTRACT

Background: Neonatal asphyxia remains a major cause of neonatal morbidity and
Received: May 30, 2025 mortality worldwide and continues to be the second leading cause of neonatal
Revised: July 19, 2025 death in Indonesia. Although numerous studies have examined maternal and
Accepted: July 29, 2025 perinatal risk factors, contemporary evidence from Bali particularly from Wangaya

General Hospital remains limited.

Objective: To analyze maternal and perinatal factors associated with neonatal

KEYWORDS asphyxia among newborns delivered at Wangaya General Hospital, Denpasar.
Birth Asphyxia; Low Birth Weight; Prematurity; Methods: An analytical case—control study was conducted using hospital delivery
Maternal Risk Factors: Perinatal Risk Factors records from January to November 2024. A total of 189 newborns were included,
consisting of 95 asphyxia cases and 94 non-asphyxia controls selected through
proportionate stratified random sampling. Maternal variables (parity, hypertensive
CORRESPONDENCE disorders, anemia, premature rupture of membranes) and perinatal variables
(mode of delivery, gestational age, birth weight) were extracted from medical
Phone: +62 857-3027-7771 records. Associations were examined using odds ratios (OR) with 95% confidence
E-mail: ayusriningrat96@gmail.com intervals, followed by multivariable logistic regression to identify independent

predictors of neonatal asphyxia.

Results: Low birth weight (LBW) demonstrated the strongest association with
neonatal asphyxia (adjusted OR = 112.66; 95% CI: 30.84—411.60; p < 0.001).
Prematurity showed a significant crude association but became attenuated after
adjustment, likely due to multicollinearity with LBW. Maternal factors including
parity, hypertensive disorders, anemia, and premature rupture of membranes as
well as mode of delivery did not show statistically significant associations in either
bivariate or multivariable analysis.

Conclusion: Neonatal asphyxia at Wangaya General Hospital is predominantly
associated with perinatal biological vulnerabilities, particularly low birth weight and,
to a lesser extent, prematurity. Maternal factors contributed minimally in this
setting, suggesting that fetal maturity and neonatal physiological readiness play a
more crucial role than maternal comorbidities. Strengthening antenatal strategies
to prevent fetal growth restriction and enhancing preparedness for the stabilization
of LBW and preterm infants are essential to reducing asphyxia-related morbidity.

In Indonesia, neonatal asphyxia is the second leading
INTRODUCTION cause of neonatal mortality, responsible for approximately

21.6% of infant deaths despite ongoing improvements in
Neonatal asphyxia remains a major contributor to neonatal ~ facility-based ~deliveries and antenatal care.*® This
mortality and long-term disability worldwide, accounting for ~ Persistent burden underscores the importance of
nearly 23% of the 4 million neonatal deaths each year, with ~ understanding maternal and perinatal determinants that
the highest burden occurring in low- and middle-income  contribute to the condition. Previous literature identifies
countries."? Globally, an estimated 9 million newborns Multiple risk factors associated with neonatal asphyxia,
experience asphyxia annually, leading to around 1.2 million  including maternal comorbidities such as hypertensive

deaths and more than one million survivors with severe disorders, anemia, gestational diabetes, infections, and
neurological impairment.? high-risk behaviors.”®# Meconium-stained amniotic fluid

(MSAF), prolonged labor, emergency cesarean section,
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premature rupture of membranes, and low birth weight also
play critical roles in disrupting fetal oxygenation and
increasing neonatal vulnerability.%-'2

In Indonesia, studies from tertiary hospitals highlight the
contribution of MSAF, LBW, cesarean delivery, and
maternal characteristics to early neonatal mortality.'314
However, evidence remains limited across secondary
referral hospitals, and few studies integrate maternal and
perinatal variables in a single analytical framework.
Additionally, shifts in maternal health services post-2020
have not been adequately captured in existing research.

To address these gaps, this study provides updated, locally
relevant evidence from Wangaya General Hospital, a major
referral center in Denpasar. The study examines the
combined influence of maternal factors (parity, maternal
hypertension, anemia) and perinatal factors (PROM, mode
of delivery, prematurity, birth weight) on the risk of neonatal
asphyxia using a case—control design. Findings from this
research are expected to support targeted antenatal
surveillance, guide intrapartum decision-making, and
strengthen preparedness for neonatal resuscitation in
similar healthcare settings.

METHOD

This study employed an analytic case—control design to
identify maternal and perinatal factors associated with
neonatal asphyxia.'®

Study Setting

The study was conducted at Wangaya General Hospital, a
referral hospital in Denpasar, Bali Province, Indonesia.
Data were obtained from hospital delivery records and
neonatal registries covering the period from January to
November 2024.

Population and Sample

The study population included all newborns delivered at
Wangaya General Hospital during the study period. Using
proportionate stratified sampling based on monthly birth
volumes, a total of 189 newborns were selected for
analysis. Of these, 95 neonates were documented as
having neonatal asphyxia, and 94 neonates were
documented as not having asphyxia, based on clinical
assessment and Apgar score criteria. Inclusion Criteria:
Newborns delivered at Wangaya General Hospital between
January and November 2024; Availability of complete
medical record documentation indicating the presence or
absence of neonatal asphyxia. Exclusion Criteria:
Newborns with incomplete or missing medical record
information; Newborns referred from other healthcare
facilities; Infants not delivered at Wangaya General
Hospital. A proportionate stratified random sampling
technique was applied. Each month of delivery was treated
as a separate stratum, and the number of sampled
newborns from each month was proportional to the total
monthly delivery count. Within each monthly stratum,
newborns were selected randomly from hospital birth
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registries. This approach ensured that the sample reflected
the overall distribution and variability of births throughout
the study period.

Variables and Data Collection

Maternal variables included: Parity (primipara/multipara);
Hypertensive disorders in pregnancy; Maternal anemia;
Premature rupture of membranes (PROM). Perinatal
variables included: Mode of delivery (cesarean section vs.
spontaneous); Gestational age (preterm vs. term); Birth
weight (low birth weight vs. normal). Neonatal asphyxia was
classified based on clinical evaluation and Apgar score
criteria documented in medical records.'® All data were
extracted manually from standardized delivery logs and
neonatal medical records by trained hospital staff using a
structured data extraction form.

Data Analysis

Data were analyzed using both bivariable and multivariable
approaches. Bivariable analysis was performed using 2x2
contingency tables to examine the association between
each maternal and perinatal factor and neonatal asphyxia.
Crude odds ratios (OR) with 95% confidence intervals (ClI)
were calculated. Fisher's Exact Test was used for
significance testing due to small cell counts, with a
significance threshold of p < 0.05. Multivariable logistic
regression was conducted to estimate adjusted odds ratios
(aOR) and to identify independent predictors of neonatal
asphyxia. Model fit was assessed using the Likelihood
Ratio Test (LLR) and McFadden’s pseudo-Rz2.17:18

Ethical Considerations

This study received ethical approval from the Health
Research Ethics Committee of Wangaya General Hospital,
Denpasar (Approval No. 000.9.2/1671/RSUDW). All data
were obtained from secondary hospital records, and no
identifiable personal information was included in the
analysis. Confidentiality was maintained throughout the
research process.

RESULTS

Patient Characteristics

A total of 189 newborns were included in this case—control
analysis, comprising 95 neonates with asphyxia and 94
without asphyxia. Regarding infant sex distribution, male
newborns represented a slightly higher proportion in both
groups, with a comparable pattern between asphyxiated
and non-asphyxiated infants. Low birth weight and
prematurity were more frequently observed among
neonates with asphyxia, whereas the distribution of
maternal factors including parity, hypertensive disorders,
anemia, and premature rupture of membranes appeared
similar between the two groups (Table 1).

Bivariate Analysis

The crude associations between each risk factor and
neonatal asphyxia are presented in Table 2. Prematurity
was significantly associated with an increased likelihood of-
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Table 1. Characteristics of Neonates With and Without
Asphyxia (n = 195)

Characteristics Asphyxia Non-asphyxia
(n=95) (n=94)
Sex
Male 58 (61.1%) 53 (56.4%)
Female 37 (38.9%) 41 (43.6%)
Parity
Primipara 50 (52.6%) 43 (45.7%)
Multipara 45 (47.4%) 51 (54.3%)
Maternal
hypertension
Yes 15 (15.8%) 24 (25.5%)
No 80 (84.2%) 70 (74.5%)
Maternal anemia
Yes 26 (27.4%) 22 (23.4%)
No 69 (72.6%) 72 (76.6%)

Premature rupture

of membranes
Yes
No

Mode of delivery
Cesarean section
Vaginal delivery

59 (62.1%)
36 (37.9%)

58 (61.7%)
36 (38.3%)

71 (74.7%)
24 (25.3%)

66 (70.2%)
28 (29.8%)

Prematurity
Preterm 39 (41.1%) 25 (26.6%)
Term 56 (58.9%) 69 (73.4%)
Birth weight
Low birth weight 91 (95.8%) 32 (34.0%)
Normal birth 4 (4.2%) 62 (66.0%)
weight

Table 2. Bivariate Associations Between Risk Factors and
Neonatal Asphyxia

Variable OR 95% CI p-value
Primipara 1.32 0.74-2.33 0.384
Maternal 0.55 0.27-1.12 0.109
hypertension

Maternal anemia 1.23 0.64-2.38 0.617
PROM 1.02 0.57-1.83 1.000
Cesarean 1.26 0.66-2.38 0.518
delivery

Prematurity 1.92 1.04-3.55 0.046
Low birth weight 44.08 14.84-130.89  <0.001

asphyxia (OR 1.92, 95% CI 1.04-3.55; p = 0.046). Low birth
weight demonstrated the strongest bivariate association,
with neonates weighing less than 2,500 grams having 44-
fold higher odds of asphyxia compared to those with normal
birth weight (OR 44.08, 95% CIl 14.84-130.89; p < 0.001).
Other  variables including  primiparity, = maternal
hypertension, anemia, PROM, and cesarean section were
not significantly associated with asphyxia in the bivariate
analysis.

Multivariable Logistic Regression

After adjusting for potential confounders (Table 3), low birth
weight remained the most dominant predictor of neonatal
asphyxia (adjusted OR 112.66, 95% CIl 30.84—411.60; p <
0.001). Prematurity showed a statistically significant inverse
association (adjusted OR 0.23, 95% CI 0.09-0.59; p =
0.002), a pattern suggestive of strong collinearity with birth
weight rather than a true protective effect. Maternal factors
including parity, hypertensive disorders, anemia, PROM,
and mode of delivery were not significantly associated with

neonatal asphyxia after adjustment. The overall logistic
regression model demonstrated good fit and was
statistically significant (LLR p < 0.001), explaining
approximately 40% of variability in neonatal asphyxia
(Pseudo R? =0.404).

Tabel 3. Multivariable Logistic Regression of Maternal and
Perinatal Risk Factors for Neonatal Asphyxia

Variable Adjusted 95% ClI p-value
OR

Primipara 1.06 0.47-2.40 0.885

Maternal 0.37 0.14-1.03 0.057

hypertension

Maternal anemia 1.32 0.52-3.33 0.558

PROM 1.12 0.49-2.56 0.788

Cesarean delivery 1.40 0.57-3.44 0.469

Prematurity 0.23 0.09-0.59 0.002

Low birth weight 112.66  30.84-411.60 <0.001
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Model fit: Likelihood Ratio x*(7) = 105.90, p < 0.001;
McFadden pseudo-R? = 0.404

DISCUSSION

This analytical case—control study identified two major
perinatal determinants of neonatal asphyxia at Wangaya
General Hospital LBW and prematurity while maternal
characteristics such as parity, hypertensive disorders,
anemia, and premature rupture of membranes did not show
statistically significant associations. These findings shift the
interpretation from maternal-risk—dominated patterns
observed in several previous Indonesian studies toward a
stronger neonatal or perinatal risk profile in this hospital
setting.

Low birth weight emerged as the strongest predictor of
neonatal asphyxia, consistent with existing evidence
indicating that LBW infants are highly vulnerable to
intrapartum hypoxia due to immature pulmonary structures,
reduced alveolar numbers, and limited respiratory muscle
capacity.'® Studies in Indonesia and other low-resource
settings similarly reported LBW as a major determinant of
failure to initiate spontaneous respiration.?%22 Reduced lung
compliance and inadequate surfactant function further
impair respiratory adaptation, making LBW infants
disproportionately susceptible to hypoxic injury.? These
physiological vulnerabilities explain why LBW remained a
robust predictor in the multivariable model even after
adjusting for maternal comorbidities and delivery factors.

Prematurity was also significantly associated with asphyxia
in the bivariate analysis, although its adjusted effect in the
multivariable model shifted after controlling for LBW.
Premature infants characteristically have immature lungs,
surfactant deficiency, small airways, and underdeveloped
respiratory control centers, making them prone to apnea
and hypoventilation.?32* Prior studies from Tigray, Ethiopia
and China likewise identified prematurity as a major
determinant of birth asphyxia.?®?” The change in effect
direction in the multivariable model likely reflects strong
collinearity between prematurity and LBW an expected
phenomenon because the majority of premature infants are
also low birth weight. Physiologically, however, prematurity
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remains a meaningful contributor to impaired neonatal
transition despite the statistical overlap.

In contrast to some previous Indonesian studies, maternal
risk factors including parity, hypertension, anemia, and
PROM did not demonstrate significant associations with
asphyxia in this analysis.'0282% Although primiparity has
been linked to prolonged labor and increased intrapartum
complications in other settings,3%3' the similar distribution
between cases and controls in this study suggests that
obstetric management at this hospital may mitigate the risk
associated with first-time deliveries. Likewise, hypertensive
disorders  well-established causes of placental
hypoperfusion and chronic fetal hypoxia® Were not
prominent in this cohort. This may reflect effective antenatal
detection and stabilization of hypertensive mothers before
delivery, preventing intrapartum fetal compromise. Anemia,
which contributes to reduced oxygen-carrying capacity and
impaired placental oxygen transfer,3® also did not differ
meaningfully between groups, further suggesting adequate
antenatal management.

PROM, known to predispose to cord compression,
oligohydramnios, and infection-related inflammatory
responses,®* was relatively frequent overall but did not differ
significantly between cases and controls. Prior studies in
Indonesia identified PROM as a dominant maternal risk
factor,?830 put the absence of a significant association here
may be attributed to early recognition and timely obstetric
intervention that prevented progression to fetal distress.
Similarly, cesarean section often associated with delayed
lung fluid clearance and respiratory transition difficulties®®
did not emerge as a significant determinant in the adjusted
analysis, possibly because a large proportion of both cases
and controls were born via cesarean delivery, reducing
discriminative power.

Collectively, the findings of this study indicate that perinatal
factors particularly LBW and prematurity are more decisive
determinants of neonatal asphyxia than maternal
complications in this hospital setting. This differs from
earlier regional studies that emphasized maternal
conditions such as PROM, hypertensive disorders, and
anemia as primary contributors.'%2829 The shift may reflect
enhanced maternal health services, improved antenatal
surveillance, and early obstetric referral patterns in
Denpasar, resulting in a scenario where neonatal biological
vulnerabilities play a more prominent role in shaping
outcomes.

These results have important clinical implications. First,
strengthening antenatal strategies to prevent LBW through
maternal nutrition counseling, anemia prevention, and
monitoring of fetal growth remains essential. Second,
heightened preparedness for neonatal resuscitation should
be prioritized for infants identified as premature or LBW,
regardless of maternal risk profiles. Third, given the
hospital’'s high cesarean delivery rate, ensuring optimal
timing and readiness for neonatal transition support is
critical.

This study has several limitations. The case—control design
cannot establish causality, and residual confounding from
undocumented maternal variables (e.g., intrapartum fetal
monitoring patterns, uterine dysfunction, or infection
markers) may influence results. The use of hospital-based
secondary data may also introduce misclassification or
incomplete documentation. Additionally, being a single-
center study limits generalizability to other regions with
different obstetric practices. Nonetheless, the study
provides updated evidence on neonatal asphyxia risk
patterns in an urban referral hospital and highlights the
predominant role of perinatal biological vulnerabilities over
maternal complications.

CONCLUSIONS AND RECOMMENDATION

This study concludes that neonatal asphyxia at Wangaya
General Hospital is predominantly associated with perinatal
biological factors, especially low birth weight, which
exhibited a markedly increased likelihood of asphyxia after
adjustment for maternal and intrapartum characteristics.
Prematurity also demonstrated a meaningful contribution,
although its effect was attenuated after adjustment due to
its strong overlap with low birth weight. In contrast, maternal
factors such as parity, hypertensive disorders, anemia,
premature rupture of membranes, and mode of delivery did
not demonstrate significant associations, indicating that
fetal maturity and neonatal physiological capacity play a
more decisive role in this setting than maternal
comorbidities.

Strengthening antenatal strategies aimed at preventing
fetal growth restriction is essential, particularly through
optimization of maternal nutrition, early identification of
high-risk pregnancies, and consistent monitoring of fetal
development. Perinatal services should prioritize
preparedness for the resuscitation and stabilization of low-
birth-weight and preterm infants, as these groups represent
the most vulnerable populations. Enhancing the integration
of maternal fetal surveillance protocols between antenatal
and intrapartum care may further reduce the risk of
perinatal compromise. Future research should consider
longitudinal or prospective designs to elucidate causal
pathways more robustly and examine potential interactions
between maternal, perinatal, and systemic factors in the
development of neonatal asphyxia.
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