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Abstract:

Background: Birth asphyxia remains a major cause of neonatal morbidity and mortality, particularly in low- and
middle-income countries, despite advances in perinatal care.

Aim: To evaluate maternal characteristics and intrapartum and neonatal risk factors associated with birth asphyxia
and related neonatal outcomes.

Methodology: A retrospective cohort study was conducted at Department of Pediatrics, Maheshwara Medical
College and Hospital, Hyderabad, Telangana, India. including 43,773 live-born neonates (=34 weeks gestation).
Maternal, intrapartum, and neonatal variables were extracted from hospital records. Associations were assessed
using univariate analysis and multivariate logistic regression.

Results: Birth asphyxia occurred in 576 neonates. Independent risk factors included primiparity (adjusted OR
1.15), maternal hypertensive disorders (adjusted OR 2.45), prolonged rupture of membranes (adjusted OR 1.36),
meconium-stained amniotic fluid (adjusted OR 2.01), fetal distress (adjusted OR 3.72), and low birth weight
(adjusted OR 3.22). Maternal age >35 years was not significantly associated. Neonates with asphyxia had
significantly higher rates of NICU admission, resuscitation, intubation, and early neonatal mortality.
Conclusion: Birth asphyxia is strongly associated with specific maternal, intrapartum, and neonatal risk factors.
Early identification and optimal management of high-risk pregnancies and labor complications are essential to
improve neonatal outcomes.

Keywords: Birth asphyxia; Neonatal outcomes; Maternal risk factors; Intrapartum complications; Retrospective
cohort study.
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Introduction

Birth asphyxia, commonly referred to as neonatal
asphyxia (NA), remains a major global public health
concern and a leading cause of neonatal morbidity
and mortality. Despite advances in obstetric and ne-
onatal care, the burden of NA remains considerable,
particularly in low- and middle-income countries.
Worldwide, NA occurs between 0.5 and 1.0% of
full-term neonates but is much higher in preterm
newborns [1]. Of great concern is that NA accounts
for about 23% of the major causes of neonatal deaths
across the world [2], underlining its important con-
tribution to mortality in early life and an urgent ne-
cessity for effective prevention, early identification,
and management strategies.
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Neonatal asphyxia is defined as the failure of a new-
born to initiate and sustain spontaneous breathing at
birth [3]. This condition is characterized by impaired
gas exchange, which, when prolonged, leads to pro-
gressive hypoxemia, hypercapnia, and significant
metabolic acidosis [4]. The resulting hypoxic state
provokes a cascade of physiological disturbances
that may affect multiple organ systems. Severe NA
is associated with extensive organ damage, includ-
ing injury to the brain, heart, lungs, kidneys, and
liver, as well as gastrointestinal complications such
as necrotizing enterocolitis [5]. These complications
threaten not only the immediate neonatal survival
but also predispose the affected infants to long-term
health consequences.
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Among the various complications of NA, brain in-
jury, clinically recognized as hypoxic-ischemic en-
cephalopathy (HIE), is of particular concern. HIE is
associated with high mortality rates and devastating
long-term neurological sequelae, including cerebral
palsy, epilepsy, intellectual impairment, cognitive
deficits, and motor disabilities [6]. Survivors of HIE
often require prolonged medical care, rehabilitation,
and special educational services, which can place an
enormous emotional, social, and economic burden
on families and healthcare systems. Thus, reductions
in both the incidence of NA and its complications
remain an important priority in maternal and neona-
tal health.

This is based on the early identification of pregnan-
cies and deliveries at increased risk. Evidence is ac-
cruing that socioeconomic and medical factors con-
tribute to the development of NA. Low socioeco-
nomic status, low educational attainment, inade-
quate antenatal care, and poor-quality intrapartum
care have been identified as strongly associated with
increased risk of NA [7,8],,. These factors may limit
timely access to skilled healthcare services, delay
recognition of obstetric complications, and limit the
quality and effectiveness of preventive and curative
measures throughout pregnancy and delivery.

Besides the socioeconomic influences, a variety of
maternal and obstetric characteristics have emerged
as important medical risk factors for NA. The ma-
ternal obstetrical complications, such as pregnancy-
induced hypertension and gestational diabetes, af-
fect uteroplacental blood flow and fetal oxygena-
tion, thereby increasing the risk for intrapartum hy-
poxia [9]. Parity has also been implicated, with both
primiparity and high parity being linked to adverse
outcomes of labor. Early gestational age, low birth
weight, and prematurity have become well-estab-
lished risk factors for NA, reflecting the susceptibil-
ity of immature organ systems to hypoxic injury
[10].

Another critical domain of risk is intrapartum
events. Complications such as premature rupture of
the membranes, a prolonged second stage of labor,
shoulder dystocia, abnormal FHR patterns, and in-
trauterine meconium staining have been identified
consistently as associated with an increased likeli-
hood of NA [11]. These events often reflect fetal dis-
tress and impaired oxygen delivery during labor and
delivery. If timely recognition and appropriate inter-
vention are not performed, such conditions may rap-
idly progress to severe asphyxia, resulting in poor
neonatal outcomes.

Although multiple antenatal and intrapartum risk
factors for NA have been identified, it remains diffi-
cult to predict with certainty which fetuses will ex-
perience asphyxia. The multifactorial nature of NA,
with complex interactions between maternal charac-
teristics, fetal conditions, and intrapartum events,
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poses a difficulty in risk stratification. Conse-
quently, and not infrequently, pregnant women and
their fetuses cannot be readily stratified, in prenatal
care and during labor, to appropriate monitoring and
management pathways. This limitation leads to
missing windows of opportunity for early interven-
tion and partly explains why NA continues to remain
one of the major causes of neonatal morbidity and
mortality.

Retrospective cohort studies have become a particu-
larly useful methodological approach in the study of
the associations between maternal characteristics,
obstetric factors, and neonatal outcomes. Using the
analysis of already available clinical data, such stud-
ies allow pinpointing a pattern or even risk profiles
that cannot be so easily achieved in smaller or cross-
sectional investigations. Understanding these asso-
ciations is essential to developing evidence-based
strategies for improving antenatal surveillance, opti-
mizing intrapartum management, and utilizing re-
sources more effectively.

In this regard, the current retrospective cohort study
centers on maternal characteristics and risk factors
associated with birth asphyxia. By systematically
evaluating several antenatal and intrapartum predic-
tors, this study intends to contribute to a wider un-
derstanding of NA determinants. The ultimate aim is
to contribute toward the development and evaluation
of prognostic models for predicting NA, enable the
early identification of women and newborns at high
risk for adverse birth outcomes, and facilitate clini-
cal decision-making to advance maternal and neona-
tal management. Such predictive and preventive ap-
proaches need to be enhanced in order to reduce the
burden of birth asphyxia and improve neonatal sur-
vival and long-term health outcomes.

Materials And Methods

Study Design: This study was conducted as a retro-
spective cohort study aimed at identifying maternal
characteristics and risk factors associated with birth
asphyxia among neonates delivered at a tertiary care
center.

Study Area: The study was carried out in the De-
partment of Pediatrics, Maheshwara Medical Col-
lege and Hospital, Hyderabad, Telangana, India.

Study Duration: The study was carried out over a
period of 24 months.

Sample Size: The study included a total of 43,773
neonates, categorized as follows:

e Neonates with birth asphyxia: 576
e Neonates without birth asphyxia: 43,197

The sample size was determined based on the avail-
ability of complete medical records during the study
period.
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Study Population: The study population consisted
of live-born neonates delivered at Maheshwara
Medical College and Hospital during the study pe-
riod along with their respective mothers. Maternal
and neonatal data were retrieved from hospital de-
livery registers, neonatal intensive care unit (NICU)
records, and electronic/paper medical records.

Data Collection: Data for this retrospective cohort
study were collected from hospital-based records
maintained in the Department of Pediatrics and the
Department of Obstetrics and Gynecology at Ma-
heshwara Medical College and Hospital, Hydera-
bad. Maternal and neonatal information was ex-
tracted from delivery registers, antenatal records, la-
bor room case sheets, neonatal intensive care unit
(NICU) admission logs, and discharge summaries.
A predesigned and structured data extraction
proforma was used to ensure uniformity and com-
pleteness of data collection. Maternal variables in-
cluded age, gravidity, parity, antenatal complica-
tions, mode of conception, and intrapartum events
such as type of labor, mode of delivery, duration of
labor, rupture of membranes, and the presence of
meconium-stained amniotic fluid. Neonatal varia-
bles included gestational age, birth weight, Apgar
scores at 1 and 5 minutes, evidence of fetal distress,
and presence of nuchal cord. Only records with com-
plete and verifiable information were included in the
final analysis. Data accuracy was ensured by cross-
checking entries from multiple sources before data
entry into the study database.

Inclusion Criteria

e Live-born neonates delivered at >34 weeks of
gestation

e Availability of complete maternal and neonatal
medical records

e Neonates admitted to postnatal wards or NICU
during the study period

Exclusion Criteria

Preterm neonates <34 weeks of gestation
Stillbirths

Neonates with major congenital anomalies
Records with incomplete or missing essential
data

Study Procedure: Eligible cases were identified
from hospital delivery and NICU records. Neonates
were classified into two cohorts: those with birth as-
phyxia and those without birth asphyxia. Maternal,
intrapartum, and neonatal variables were
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systematically extracted and entered into a secured
database. Data accuracy was ensured by cross-veri-
fication with multiple hospital records.

Statistical Analysis: The collected data were en-
tered into Microsoft Excel and analyzed using ap-
propriate statistical software. Continuous variables
were assessed for normality using standard tests of
distribution. Normally distributed variables were ex-
pressed as mean + standard deviation, while non-
normally distributed variables were presented as
median with interquartile range. Categorical varia-
bles were summarized as frequencies and percent-
ages. Comparisons between neonates with birth as-
phyxia and those without birth asphyxia were per-
formed using the Student’s t-test or Mann—Whitney
U test for continuous variables, and the chi-square
test or Fisher’s exact test for categorical variables,
as appropriate. Variables showing statistical signifi-
cance in univariate analysis were further included in
multivariate logistic regression analysis to identify
independent maternal risk factors associated with
birth asphyxia. The strength of association was ex-
pressed as odds ratios with 95% confidence inter-
vals. A p value of less than 0.05 was considered sta-
tistically significant.”

Result

Table 1 compares maternal characteristics among
neonates with and without birth asphyxia. Maternal
age distribution was similar in both groups, with no
significant difference between mothers aged <35
years and >35 years (p = 0.63). Primiparity was sig-
nificantly more common among mothers of neo-
nates with asphyxia (63.5%) compared to those
without asphyxia (59.5%) (p = 0.01). Among ante-
natal complications, hypertensive disorders were
significantly higher in the asphyxia group (14.6%
vs. 5.4%, p < 0.001), whereas gestational diabetes
mellitus and anemia showed no significant differ-
ences between groups (p = 0.74 and p = 0.65, respec-
tively). Regarding mode of delivery, vaginal deliv-
ery was less frequent among asphyxiated neonates
(44.4% vs. 55.5%), while instrumental delivery
(11.5% vs. 2.8%) and cesarean section (44.1% vs.
41.7%) were significantly more common in the as-
phyxia group (p <0.001 and p = 0.04, respectively).
Overall, Table 1 indicates that primiparity, maternal
hypertensive disorders, and operative or instrumen-
tal deliveries are significantly associated with birth
asphyxia, while maternal age, gestational diabetes,
and anemia are not.
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Table 1: Maternal Characteristics Among Neonates with and Without Birth Asphyxia

Maternal Characteristics Neonatal Asphyxia No Neonatal Asphyxia p value
(n=576) (n=43,197)

Maternal age (years)

<35 years 463 (80.4) 34,980 (81.0) 0.63

>35 years 113 (19.6) 8,217 (19.0)

Parity

Primiparous 366 (63.5) 25,710 (59.5) 0.01

Multiparous 210 (36.5) 17,487 (40.5)

Antenatal complications

Hypertensive disorders 84 (14.6) 2,332 (5.4) <0.001

Gestational diabetes mellitus 74 (12.8) 5,442 (12.6) 0.74

Anemia 92 (16.0) 6,601 (15.3) 0.65

Mode of delivery

Vaginal delivery 256 (44.4) 23,961 (55.5) <0.001

Instrumental delivery 66 (11.5) 1,219 (2.8) <0.001

Cesarean section 254 (44.1) 18,017 (41.7) 0.04

Table 2 compares intrapartum and neonatal risk fac-
tors between neonates with birth asphyxia and those
without. Prolonged rupture of membranes (>18
hours) was significantly more common in the as-
phyxia group (116, 20.1%) than in the non-asphyxia
group (6,201, 14.4%) (p < 0.001). Meconium-
stained amniotic fluid (17.7% vs. 8.7%), fetal dis-
tress (22.6% vs. 6.6%), and nuchal cord (31.9% vs.
22.9%) were all significantly more frequent among
neonates with asphyxia (p < 0.001 for all). Preterm
birth at 34-36 weeks was notably higher in the

asphyxia group (26.4%) compared to the non-as-
phyxia group (7.5%), whereas term gestation (>37
weeks) was less common (73.6% vs. 92.5%). Low
birth weight (<2,500 g) was significantly associated
with birth asphyxia (21.5% vs. 6.5%, p < 0.001),
while normal birth weight (2,500-3,999 g) was more
prevalent in the non-asphyxia group. Overall, Table
2 indicates that adverse intrapartum events, prema-
turity, and low birth weight are significantly associ-
ated with an increased risk of birth asphyxia.

Table 2: Intrapartum and Neonatal Risk Factors Associated with Birth Asphyxia

Variables Neonatal Asphyxia No Neonatal Asphyxia | p value
(n =1576) (n=43,197)

Prolonged rupture of membranes (>18 h) 116 (20.1) 6,201 (14.4) <0.001
Meconium-stained amniotic fluid 102 (17.7) 3,754 (8.7) <0.001
Fetal distress 130 (22.6) 2,864 (6.6) <0.001
Nuchal cord 184 (31.9) 9,892 (22.9) <0.001
Gestational age
34-36 weeks 152 (26.4) 3,238 (7.5) <0.001
>37 weeks 424 (73.6) 39,959 (92.5)
Birth weight
<2,500 g 124 (21.5) 2,796 (6.5) <0.001
2,500-3,999 g 404 (70.1) 36,961 (85.6)
>4,000 g 48 (8.3) 3,440 (8.0)

Table 3 presents the univariate and multivariate lo-
gistic regression analysis of risk factors for birth as-
phyxia. After adjustment for confounders, primipar-
ity was independently associated with a higher risk
of birth asphyxia (adjusted OR 1.15; 95% CI: 1.02—
1.30; p = 0.02). Maternal hypertensive disorders
showed a strong and significant association with
birth asphyxia (adjusted OR 2.45; 95% CI: 1.91-
3.13; p < 0.001). Prolonged rupture of membranes
also remained a significant risk factor (adjusted OR
1.36; 95% CI: 1.10-1.70; p = 0.004). Meconium-
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stained amniotic fluid (adjusted OR 2.01; 95% CI:
1.59-2.55; p<0.001) and fetal distress (adjusted OR
3.72; 95% CI: 2.98-4.65; p < 0.001) were strongly
associated with increased odds of birth asphyxia.
Low birth weight was one of the strongest predictors
(adjusted OR 3.22; 95% CI: 2.52—4.11; p < 0.001).
In contrast, maternal age >35 years was not signifi-
cantly associated with birth asphyxia after adjust-
ment (p = 0.92). Overall, Table 3 identifies key ob-
stetric and neonatal factors that independently in-
crease the risk of birth asphyxia.
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Table 3: Univariate and Multivariate Logistic Regression Analysis of Risk Factors for Birth Asphyxia
Risk Factor Crude OR (95% CI) Adjusted OR (95% CI) p value
Maternal age >35 years 1.04 (0.84-1.28) 1.01 (0.81-1.25) 0.92
Primiparity 1.18 (1.01-1.38) 1.15 (1.02-1.30) 0.02
Hypertensive disorders 2.97 (2.31-3.82) 2.45 (1.91-3.13) <0.001
Prolonged rupture of membranes 1.50 (1.23-1.84) 1.36 (1.10-1.70) 0.004
Meconium-stained amniotic fluid 2.28 (1.82-2.86) 2.01 (1.59-2.55) <0.001
Fetal distress 4.12 (3.36-5.05) 3.72 (2.98-4.65) <0.001
Low birth weight (<2,500 g) 4.06 (3.24-5.09) 3.22 (2.524.11) <0.001

Table 4 compares neonatal outcomes between in-
fants with birth asphyxia (n = 576) and those without
neonatal asphyxia (n = 43,197). Neonates with as-
phyxia had a significantly higher rate of NICU ad-
mission (460, 79.9%) compared to non-asphyxiated
neonates (6,132, 14.2%), with a highly significant
difference (p < 0.001). The requirement for neonatal
resuscitation was markedly greater in the asphyxia
group (238, 41.3%) than in the non-asphyxia group
(201, 0.5%) (p < 0.001). Similarly, endotracheal

intubation was more frequently needed among as-
phyxiated neonates (70, 12.2%) compared to those
without asphyxia (20, 0.05%) (p < 0.001). Early ne-
onatal mortality was also significantly higher in the
neonatal asphyxia group (22, 3.8%) than in the non-
asphyxia group (64, 0.1%) (p < 0.001). Overall, Ta-
ble 4 demonstrates that birth asphyxia is associated
with significantly poorer neonatal outcomes and in-
creased need for intensive care and life-saving inter-
ventions.

Table 4: Neonatal Outcomes in Birth Asphyxia and Non-Asphyxia Groups
Outcome Neonatal Asphyxia No Neonatal Asphyxia p value
(n=576) (n=43,197)
NICU admission 460 (79.9) 6,132 (14.2) <0.001
Neonatal resuscitation required | 238 (41.3) 201 (0.5) <0.001
Endotracheal intubation 70 (12.2) 20 (0.05) <0.001
Early neonatal mortality 22 (3.8) 64 (0.1) <0.001

Discussion

In the current study, most mothers in the asphyxia
and non-aspyxia groups were below 35 years of age,
accounting for 80.4% and 81.0%, respectively. This
corresponds to earlier findings by Locatelli et al.
(2020) and Xu et al. (2021) [12,13], which suggested
that maternal age below 35 years is not considered a
risk factor for neonatal asphyxia. Maternal age >35
years did not increase the risk of birth asphyxia in-
dependently, which corroborates the report by
Sunny et al. (2021) [14], where advanced maternal
age was noted not to be a major determinant in neo-
natal hypoxic events. Contrarily, in our study, prim-
iparity emerged as one of the significant risk factors.
In the current series, 63.5% of asphyxiated neonates
were born to a primipara mother, while the propor-
tion among controls was 59.5%. This again finds
resonance with previous literature reports, such as
those by Laughon et al. (2014) and Xu et al. (2021)
[15,13], indicating that nulliparous women mostly
experience longer labor and higher obstetric inter-
vention rates, leading to a resultant rise in fetal hy-
poxia. The prolonged second stage of labour, a com-
mon occurrence in primiparous women, has been
linked to birth trauma and neonatal complications
(Abdo et al., 2019) [16].”

Hypertensive disorders in pregnancy were signifi-
cantly higher in the asphyxia group, 14.6% versus
5.4%, and regression analysis showed strong
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independence, aOR 2.45. This finding is in line with
previous reports that preeclampsia and gestational
hypertension compromise uteroplacental perfusion,
reduce fetal oxygenation, and predispose neonates to
asphyxia (Khader et al., 2018) [17]. Interestingly,
there was no significant difference in the rates of
gestational diabetes mellitus and anemia between
the groups, and this suggests that while metabolic
and hematologic conditions may impact neonatal
outcomes, their contribution to asphyxia risk in our
population was limited; this agrees with findings
from Torres-Mufioz et al. (2021) [18].

Mode of delivery: In this series, neonatal asphyxia
was found in relation to a higher prevalence of in-
strumental delivery (11.5% vs. 2.8%) and a slight in-
crease in cesarean sections (44.1% vs. 41.7%). In
this regard, these results agree in part with Ahmed et
al. 2021 [19], who pointed out that assisted deliver-
ies are often performed due to non-reassuring fetal
status or for prolonged labor rather than being direct
causes of asphyxia. Although multivariate analysis
did not point out the mode of delivery as an inde-
pendent risk factor, there is a clinical indication that
prolonged labor and obstetric interventions may be
indirectly responsible for neonatal hypoxia through
mechanical stress or by delaying delivery.

Intrapartum factors in our study, including pro-
longed rupture of membranes (20.1% vs. 14.4%),
meconium-stained amniotic fluid (17.7% vs. 8.7%),
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fetal distress (22.6% vs. 6.6%), and nuchal cord
(31.9% vs. 22.9%), were significantly more com-
mon in the asphyxia group. These findings agree
with studies from Ethiopia and Pakistan that showed
that PROM, meconium-stained fluid, and cord com-
plications are important risk factors for neonatal as-
phyxia (Bayih et al., 2020; Abdo et al., 2019)
[20,16]. Fetal distress, which increased the odds of
asphyxia almost four-fold in our regression model,
remains one of the most consistent predictors across
several settings and underpins the role of intrapar-
tum monitoring for early identification and interven-
tion (Pruksanusak et al., 2017) [21]. The presence of
meconium-stained fluid is presumed to be a reflec-
tion of protracted intrauterine hypoxia and may pre-
dispose to aspiration, in line with Kopincova and
Calkovska (2016) [22].

Specifically, neonatal characteristics such as pre-
term birth (26.4% vs. 7.5%) and low birth weight
(21.5% vs. 6.5%) were strongly associated with as-
phyxia. These findings are consistent with the liter-
ature, which suggests that preterm and low-birth-
weight babies are highly susceptible to hypoxic
events due to immature respiratory and cardiovascu-
lar systems (Saigal & Doyle, 2008; Mulugeta et al.,
2020) [23,24]. Low birth weight independently in-
creased the risk more than threefold, thus underlin-
ing the importance of optimizing maternal nutrition,
antenatal care, and timely detection of growth-re-
stricted fetuses.

Neonatal outcomes in our cohort revealed the severe
impact of asphyxia, with 79.9% requiring NICU ad-
mission, 41.3% requiring resuscitation, 12.2% un-
dergoing intubation, and early neonatal mortality at
3.8% versus 0.1% in the control group. These find-
ings are in agreement with other low- and middle-
income settings, showing high burdens of asphyxia
on neonatal morbidity and mortality despite ad-
vances in perinatal care (Gebregziabher et al., 2020;
Kune et al., 2021) [25,26],. Early recognition and in-
tervention remain pivotal in mitigating these adverse
outcomes.

Our study confirms the previously found evidence
that primiparity, hypertensive disorders, PROM, fe-
tal distress, meconium-stained amniotic fluid, pre-
term birth, and low birth weight represent important
maternal and neonatal risk factors for birth asphyxia.
Although maternal age, gestational diabetes, ane-
mia, and mode of delivery were associated variably,
the combined impact of intrapartum and neonatal
risk factors emphasizes the critical need for compre-
hensive assessment of risk, timely obstetric inter-
vention, and vigilant neonatal care to reduce inci-
dence and improve the outcomes of asphyxia. Our
findings give useful recommendations for clinicians
and policymakers on how to prioritize high-risk
pregnancy and implement preventive strategies
based on the local healthcare system.
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Conclusion

This retrospective cohort study shows the strong as-
sociation of birth asphyxia with specific maternal,
intrapartum, and neonatal risk factors and not with
advanced maternal age alone. Primiparity and hy-
pertensive disorders during pregnancy were identi-
fied as major maternal factors associated with a high
risk of birth asphyxia. Among intrapartum risk fac-
tors, significant associations included prolonged
rupture of membranes, meconium-stained amniotic
fluid, fetal distress, and nuchal cord, underlining the
critical influence of labor and delivery events on the
development of asphyxia. Neonatal factors notably
included prematurity and low birth weight. The bur-
den of birth asphyxia was associated with signifi-
cantly poor early neonatal outcomes in terms of need
for intensive care, need for resuscitation, advanced
airway support, and higher early neonatal mortality.
Overall, it seems that early detection and best man-
agement of high-risk pregnancies and intrapartum
complications may reduce the burden of birth as-
phyxia and improve neonatal outcomes.
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