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Abstract

Objective: Non-reassuring fetal status (NRFS) is an obstetric emergency characterized by abnormal fetal heart rate
patterns requiring immediate intervention, often through cesarean section. Maternal comorbidities such as obesity,
hypertension, and anemia are suspected to increase the risk of NRFS and adversely affect neonatal outcomes,
particularly in developing countries. This study aimed to evaluate the relationship between maternal comorbidities
and neonatal outcomes, including low birth weight (LBW), APGAR scores, and the need for Neonatal Intensive
Care Unit (NICU) admission, in NRFS cases undergoing cesarean section at Prof. Dr. Margono Soekarjo Hospital,
Purwokerto, from September 2023 to April 2024.

Methods: A cross-sectional study used secondary (medical) data with total sampling. Bivariate and multivariate
logistic regression analyses reported odds ratios (ORs) and 95% confidence intervals (CIs). A p-value of <0.05
was considered statistically significant.

Result: Maternal obesity, hypertension, and anemia were significantly associated with LBW, low APGAR scores,
and NICU admission. All comorbidities showed ORs <1, indicating increased risk for adverse neonatal outcomes.
Conclusion: There was a significant correlation between maternal comorbidities and poor neonatal outcomes in
NRFS cases delivered via cesarean section.
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Hubungan antara Komorbiditas Maternal dan Luaran Neonatus pada
Pasien dengan Non-Reassuring Fetal Status yang Menjalani Seksio Sesarea

Abstrak

Tujuan: Non-reassuring fetal status (NRFS) adalah kondisi kegawatdaruratan obstetri yang ditandai oleh pola detak
jantung janin abnormal dan membutuhkan intervensi segera, sering berupa seksio sesarea. Komorbiditas maternal
seperti obesitas, hipertensi, dan anemia diduga berperan dalam meningkatkan risiko NRFS dan memengaruhi luaran
neonatal, terutama di negara berkembang. Penelitian ini bertujuan mengevaluasi hubungan antara komorbiditas
maternal dan berat badan lahir rendah (BBLR), skor APGAR, dan kebutuhan perawatan Neonatal Intensive Care
Unit (NICU) pada pasien NRFS yang menjalani seksio sesarea di RSUD Prof. Dr. Margono Sokearjo Purwokerto
dari September 2023 hingga April 2024.

Metode: Penelitian potong lintang ini menggunakan data (rekam medis) dengan teknik total sampling. Analisis
bivariat dan multivariat dilakukan menggunakan regresi logistik dengan odds ratio (OR) dan interval kepercayaan
95%. Nilai p <0,05 dianggap signifikan.

Hasil: Obesitas, hipertensi, dan anemia maternal secara signifikan berhubungan dengan BBLR, skor APGAR
rendah, dan kebutuhan NICU. Semua komorbiditas menunjukkan odd ratio <1, mengindikasikan peningkatan
risiko terhadap luaran neonatal yang merugikan.

Kesimpulan: Terdapat hubungan signifikan antara komorbiditas maternal dan luaran neonatal yang buruk pada
pasien NRFS yang menjalani seksio sesarea.

Kata kunci: Anemia, APGAR, Berat Badan Lahir Rendah, Hipertensi, NICU, NRFS, Obesitas
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Introduction

A fetal hypoxia condition is called non-
reassuring fetal status (NFRS). It is indicated
by changes in the fetal heart rate pattern,
reduced fetal movement observed on
cardiotocography (CTG), meconium-stained
amniotic fluid, and poor fetal growth. It needs
to be treated right away with intrauterine
resuscitation, but if the condition does not
improve, the pregnancy will end by cesarean
section.'?> NRFS contributes significantly
to intrapartum complications globally, with a
reported incidence ranging from 2.1% to 16.6%
of all deliveries, and is associated with increased
rates of cesarean delivery and neonatal morbidity.*
In Indonesia, the Minister of Health reported
that NRFS accounted for approximately 15.3%
of cesarean deliveries, indicating its substantial
impact on obstetric decision-making and neonatal
outcomes.” Several maternal comorbidities
thought to be related to increased cesarean
section rates include hypertension, anemia,
and obesity, which will affect the outcome
for the baby, resulting in fetal hypoxia, fetal
growth disorders, and the need for NICU
after delivery.*® Although this is not fully
understood, several studies hypothesize that
these factors will affect the maternal-fetal
oxygenation process, disrupting fetoplacental
angiogenesis, which can lead to a higher
number of deliveries by cesarean section due
to indications of non-reassuring fetal status.>’
This study analyzes the causes
of cesarean section deliveries related
to maternal comorbidities such as
hypertension, maternal anemia, and
obesity, as well as their impact on fetal
outcomes, including APGAR score, birth
weight, and the need for NICU admission
after delivery.

Method

This study employed a cross-sectional
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approach, collecting secondary data from all
patients who underwent cesarean sections
at Prof. Dr. Margono Soekarjo Hospital,
Purwokerto, using a systematic sampling
method. The study included a total of
379 cesarean section patients. A sampling
selection was conducted on patients giving
birth by cesarean section due to indications
of non-reassuring fetal status, specifically
103 patients.

This study used secondary data from
patient medical records through systematic
sampling. Furthermore, this study used
odds ratios with a 95% confidence interval
for both bivariable and multivariable
logistic regression analyses. Variables were
considered statistically significant if the
p-value was less than 0.05 in the multivariable
analysis.

This study classified the cesarean section
as a dependent variable, indicated as either yes
orno, toreflect non-reassuring fetal status. The
researcher included independent variables
such as body mass index (BMI), parity status,
quantity of antenatal care (ANC), education
level, maternal comorbidity (hypertension,
anemia, obesity), labor induction,
amnionicity, preterm rupture of membrane
(PROM), antepartum hemorrhage, and infant
outcomes in terms of birth weight, APGAR
score, and the need for Neonatal Intensive
Care Unit (NICU).

All variables in this study were subjected
to chi-square analysis with a p-value <0.05
and a 95% confidence interval, which was
statistically significant.

In this study, data were analyzed
using IBM SPSS Statistics Version 26
(for Windows). The data were tested for
normality using the Kolmogorov-Smirnov
test, with a normal distribution serving as
the standard deviation. The chi-square
method was applied to all variables,
yielding a 95% confidence interval and
a p-value of less than 0.05, indicating
significant results for all analyzed
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Table 1 Description of variables, samples, and characteristics of research data

Variables analyzed n =103 (100%) p-value

Age 0.023
Normal age of pregnancy (<34 years) 76 (73.78%)

High risk pregnancy age (>35 years) 27 (26.21%)

BMI 0.045
Underweight (<18.5 kgBW/m?) 15 (14.6%)

Normal (18.5 — 24.9 kgBW/m?) 50 (48.5%)

Overweight (25 —29.9 kgBW/m?) 15 (14.6%)

Obese (>30 kgBW/m?) 23 (22.3%)

Obstetric Status 0.038
Primipara 43 (41.74%)

Multipara 60 (58,25%)

Antenatal care (ANC) frequency 0.012
Visits >6x (Category 1) 67 (65%)

Visits <5x (Category 2) 36 (34.95%)

Level of education 0.003
Senior High School, associate degree, and bachelor (Category 1) 59 (57,28%)

No school, elementary and middle school (Category 2) 44 (42,71%)

Blood pressure (mmHg) 0.043
Normal (<139/89 mmHg) 42 (40.77%)

Hypertension (>140/90 mmHg 61 (59.22%)

Induction 0.007
Yes (Category 1) 80 (77,66%)

No (Category 2) 23 (22.33%)

Maternal Anemia 0.010
Normal (Hb > 10 g/dl) 22 (21.35%)

Anemia (Hb <9.9 g/dl) 81 (78,64%)

Amniotic fluid 0.002
Normal (Category 1) 89 (86,40%)

Abnormal (oligo/polyhydramnios/meconium) (Category 2) 14 (13.59%)

Premature rupture of membranes (PROM) 0.004
No (Category 1) 75 (72,81%)

Yes (Category 2) 28 (27.18%)

Antepartum hemorrhage (APH) 0.018
No (Category 1) 91 (88,34%)

Yes (Category 2) 12 (11.65%)

Baby birth weight 0.000
Normal birth weight >2500 gr (Category 1) 73 (70,87%)

Low birth weight <2500 gr (Category 2) 30 (29,12%)

APGAR score 0.000
APGAR normal 7/8 (Category 1) 69 (66.99%)

Moderate asphyxia score 5/6 (Category 2) 34 (33%)

235



Obgynia, Volume 8 Nomor 2 July 2025

NICU needs
No (Category 1)
Yes (Category 2)

0.000
77 (74.75%)
26 (25,24%)

Note: If the chi-square condition is not satisfied, the p-value for categorical data is determined using the Fisher’s exact tests. P value <0.05

for statistically significant.

variables. For correlation, an odds ratio
assessment was conducted between
maternal comorbidities (hypertension,
obesity, and anemia) and fetal outcomes
(birth weight, APGAR score, and NICU
needs).

It was sent to and received by the
Ethics and Research Committee of the
Development and Research Section at
Prof. Dr. Margono Soekarjo Hospital,
Purwokerto, Indonesia, with referral
number  003/KEPK/PE/1/2025 on
January 8™ 2025, in accordance with
protocol 12/2003. The medical record
data for this study will only be used for
research purposes and will not be shared
with anyone other than the researcher and
research supervisor, ensuring it is solely
for academic objectives.

Results

Maternal obesity, hypertension, and anemia
were significantly associated with adverse
neonatal outcomes. Among obese pregnant
women, incidences of low birth weight (24.3%
vs. 4.9%, p=0.046), low APGAR scores (27.2%
vs. 5.8%, p = 0.047), and NICU admissions

(20.4% vs. 4.9%, p=0.001) were notably higher
compared to those with normal weight. Similarly,
hypertensive mothers exhibited higher rates of
low birth weight (15.5% vs. 13.6%, p = 0.036),
low APGAR scores (19.4% vs. 13.6%, p =
0.040), and NICU admissions (16.5% vs. 8.7%,
p = 0.039) than their normotensive counterparts.
In addition, anemia during pregnancy was linked
to increased risks of low birth weight (23.6% vs.
5.8%,p=0.047), low APGAR scores (26.2% vs.
6.8%, p=0.018), and NICU admissions (20.4%
vs. 4.9%, p = 0.039) compared to non-anemic
mothers. These findings highlight the significant
impact of maternal comorbidities on neonatal
health outcomes.

Discussion

Non-reassuring fetal status (NRFS) is an
abnormality in fetal heart rate monitoring that
can be detected on a cardiotocography (CTG)
scan, such as bradycardia, tachycardia,
minimal or absent variability, and recurrent
decelerations. These abnormalities often
indicate compromised fetal oxygenation
and are associated with increased risks of
perinatal morbidity and mortality, as well
as the need for a neonatal intensive care
unit (NICU) due to fetal hypoxia.'? Fetal

Table 2 Correlation of maternal comorbidities and fetal outcomes

Maternal Fetal outcomes
comorbidities Low birth weight Low APGAR score NICU
Obesity OR: 0.046; 95% CI OR: 0.047; 95% CI OR: 0.01; 95% CI
0.424-0.945 0.412-0.426 0.135-0.329
Hypertension OR: 0.036; 95% CI OR: 0.040; 95% CI OR: 0.039; 95%
0.524-0.631 0.472-0.514 C10.295-0.880
Anemia OR: 0.047; 95% CI OR: 0.018; 95% CI OR: 0.039; 95%
0.311-0.552 0.340-0.560 C10.276-0.560

Note: If the chi-square condition is not satisfied, the p-value for categorical data is determined using the Fisher’s exact

tests. P value <0.05 for statistically significant.

236



Nasrudin: Correlation of maternal comorbidities and neonatal outcomes in patients with non-reassuring

hypoxia, birth asphyxia, and metabolic
acidosis can lead to permanent neurological
damage and even perinatal death.® Birth
asphyxia is defined as a neonatal failure to
respire normally during the first minutes
after birth, resulting in progressive hypoxia
and causing intrauterine acidosis.® Non-
reassuring fetal status (NRFS) can arise from
impaired blood supply, placental transfer, or
fetal gas transport.! Some maternal comorbid
conditions associated with NRFS include
cardiovascular disease, anemia, diabetes,
hypertension, infection, placental abruption,
abnormal fetal presentation, intrauterine
growth restriction, and umbilical cord
compression.®?

Antenatal care variables, education level,
and risk of infection are associated with fetal
outcomes in babies born by caesarean section
for indications of non-reassuring fetal status. '
This study conducted a multivariable analysis
with a 95% confidence interval and a p-value
of less than 0.05, indicating a significant
relationship.® The study found a significant
correlation between the incidence of cesarean
section for non-reassuring fetal status (NRFS)
and maternal comorbid obesity and low birth
weight (OR: 0.046; 95% CI 0.424-0.945);
between maternal comorbid obesity and low
APGAR score (OR: 0.047; 95% CI 0.412-
0.426); and between maternal comorbid
obesity and NICU requirement (OR: 0.001;
95% CI 0.135-0.329). According to Gulzhan
et al., obesity can lead to several pregnancy
complications, including  hypertension,
impaired fetoplacental perfusion (fetal
distress), low nutrition for babies resulting
in low birth weight, increased risk of failed
labor induction due to less sensitive oxytocin
receptors, and neonatal asphyxia (low
APGAR score at minutes 1 and 5).!""'* The
pathomechanism explaining this condition is
caused by endothelial dysfunction, oxidative
stress, and insulin resistance, all of which are
common in obese mothers. Intra-abdominal
adipose tissue in obese mothers becomes a

mechanical inhibiting factor or may exert
mechanical pressure, further restricting
venous return and oxygen transport to the
fetus, which causes fetal distress.!”> Excess
adipose tissue contributes to chronic low-
grade inflammation; these factors impair
endothelial function and reduce nitric oxide
bioavailability, leading to vasoconstriction
and decreased uteroplacental blood flow.
These changes increase the risk of fetal
hypoxia, low birth weight due to inadequate
nutrient transfer, and perinatal asphyxia
resulting in low APGAR scores and NICU
admission.

The study found a significant correlation
between the incidence of cesarean section
for non-reassuring fetal status (NRFS) and
maternal comorbid hypertension as well as
low birth weight (OR: 0.036; 95% CI 0.524-
0.631). It also noted a link between maternal
comorbid hypertensionand low APGAR score
(OR: 0.040; 95% CI 0.472-0.514), as well as
between maternal comorbid hypertension
and NICU requirement (OR: 0.039; 95%
CI 0.295-0.880). Steer PJ et al. reported in
a retrospective cohort study a significant
relationship between high blood pressure
during pregnancy and low birth weight,
specifically in those weighing less than 2500
g.'® Hypertension during pregnancy can lead
to endothelial dysfunction and decreased
uteroplacental  perfusion, resulting in
uteroplacental vasculopathy. This condition,
characterized by histopathological lesions
and intravascular coagulation, can cause
growth disorders in the fetus.'*'® Increased
blood pressure affects the development of
the placental villous tree, thereby reducing
placental function early on, which diminishes
the fetus’s birth weight.” Additionally,
hypertension in pregnancy adversely impacts
fetal outcomes, including low APGAR
scores and the need for NICU care, due
to placentation abnormalities, inadequate
uteroplacental blood flow, and long-term
placental  ischemia.*® Histopathological
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findings often reveal fibrinoid necrosis,
atherosis, and infarctions within the placenta,
all of which compromise oxygen and nutrient
exchange. Consequently, fetal adaptive
responses such as the redistribution of blood
flow to vital organs may occur. However,
when decompensated, this can lead to NRFS,
intrauterine growth restriction (IUGR), and
poor neonatal outcomes.

The study found a significant correlation
between the incidence of cesarean sections
and non-reassuring fetal status (NRFS) with
maternal comorbid anemia and low birth
weight (OR: 0.047; 95% CI 0.311-0.552);
between comorbid maternal anemia and low
APGAR scores (OR: 0.018; 95% CI 0.340-
0.560); and between comorbid maternal
anemia and NICU requirements (OR: 0.039;
95% CI 0.276- 0.560). Physiological changes
occur during pregnancy, specifically an
increase in red blood cell volume by 30%
and plasma volume from 45% to 55%.
These changes occur from 6 to 32 weeks
of gestation, a phenomenon known as the
hemodilution effect. Hemoglobin functions
as a transport medium for oxygen and
nutrients (oxygen binding capacity: 1.34 ml
02/gr) *' Anemia, particularly iron deficiency
anemia, diminishes maternal oxygen-carrying
capacity due to reduced hemoglobin levels.
This limits oxygen delivery to the placenta
and fetus, resulting in chronic fetal hypoxia.

Additionally, anemia may impair
placental development and angiogenesis,
affecting villous maturation and capillary
network formation. These disruptions
can contribute to fetal growth restriction
and increase susceptibility to intrauterine
distress. Maternal anemia can affect placental
angiogenesis, limit the oxygen supply to the
fetus, and impair fetal growth, leading to low
birth weight. A meta-analysis study found a
positive correlation between maternal anemia
and the incidence of low birth weight.>?
Farah et al. found that maternal anemia
poses a 2.1x higher risk of giving birth to
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a baby with a low APGAR score, which
can cause neonatal morbidity, than mothers
with normal hemoglobin levels. # Maternal
anemia as a risk factor for NRFS conditions
will increase mortality and morbidity rates,
as well as the need for neonatal intensive care
units (NICU).?

This study demonstrated a statistically
significant association between NRFS-
related caesarean sections and the presence
of  maternal  comorbidities:  obesity,
hypertension, and anemia, with adverse
neonatal outcomes (p<0.05). The strength of
the study lies in its multivariable analysis,
control of confounding variables, and the
use of robust statistical measures such
as odds ratios and confidence intervals.
However, limitations of this study include the
retrospective design, potential bias in clinical
decision-making for caesarean delivery, and
the lack of data on gestational age, timing
of onset, or severity of the comorbidities.
Moreover, long-term neonatal outcomes were
not assessed, which limits the understanding
of sustained impacts.

Understanding the underlying
pathogenesis and pathophysiology of NRFS
in the context of maternal comorbidities
is crucial for early identification and
intervention. Optimizing maternal health
before and during pregnancy, especially by
managing chronic conditions, could reduce
the incidence of NRFS and improve perinatal
outcomes. Future prospective studies with
larger cohorts and mechanical evaluations are
needed to deepen insight and guide clinical
strategies.

Conclusion

The study revealed a positive correlation
between the incidence of cesarcan sections,
an indication of non-reassuring fetal
status, and maternal comorbidities such as
hypertension, obesity, and anemia, along
with infant outcomes like low birth weight,
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APGAR scores, and NICU needs. Several
other factors, including being a first-time
mother, having anemia, starting labor early,
amniotic fluid (amnion-meconium) presence,
and premature rupture of membranes, were
associated with NRFS.
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