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Abstract

Background: Neonatal asphyxia is a leading cause of premature
death and a significant concern in Indonesia. An increased number of
nucleated red blood cells (NRBCs) at birth reflected hypoxic condi-
tions during late pregnancy and delivery, and functioned as a prognos-
tic biomarker for complications related to asphyxia. NRBCs served as
a prognostic biomarker in predicting complications of asphyxia. This
study aimed to show that NRBCs levels could predict mortality in
neonates with asphyxia.

Methods: A total of 108 neonates with asphyxia in the neonatal inten-
sive care unit (NICU) were included in this study. Hematology exami-
nations were carried out on the neonates, and diagnostic testing used
the cutoff value of the receiver operating characteristic (ROC) curve.
Furthermore, the Chi-square test and logistic regression were carried
out to determine the independent relationship between NRBCs levels
and mortality in neonatal asphyxia.

Results: A cutoff value of 1.28/uL was used for absolute and relative
NRBC s levels, leading to a sensitivity and specificity of 83.67% and
84.75%, respectively. Furthermore, a cutoff value of 10.5% was used
for relative NRBC:s levels, leading to 81.63% and 81.36% as sensitiv-
ity and specificity, respectively. Multivariate analysis showed that ab-
solute NRBCs levels influenced mortality in neonatal asphyxia, with
a prevalence ratio of 10.332.
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Conclusion: Absolute NRBCs levels could be considered a predictor
of mortality in neonatal asphyxia.
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Introduction

Neonatal asphyxia is a significant cause of neonatal morbidity
and mortality worldwide. This condition, also known as peri-
natal asphyxia or birth asphyxia, is characterized by failure to
initiate and maintain breathing at birth, which can lead to oxy-
gen deprivation in the newborn. The World Health Organiza-
tion (WHO) reported that asphyxia is responsible for approxi-
mately 900,000 neonatal deaths annually, making it a leading
cause of premature mortality in neonates [1].

Based on a Sustainable Development Goal (SDG), the
WHO has set a target to reduce the mortality rate of neonates.
The target of reducing the mortality rate to 12 infant deaths per
1,000 live births from 25 per 1,000 is expected to be achieved
by 2030 [2].

Asphyxia in neonates remains a significant concern in
Indonesia, with an incidence rate of 40 per 1,000 live births.
Neonatal asphyxia caused approximately 21.6% of neonatal
deaths nationally in 2015 [3]. A study conducted at Dr. Soeto-
mo General Hospital in Surabaya reported an incidence of neo-
natal asphyxia of 8% among newborns in 2009 [4]. Another
study at RA Kartini Hospital in Jepara found that 4.1% of 148
mothers who experienced premature rupture of membranes ex-
perienced asphyxia in 2019 [5]. In contrast, the incidence of
neonatal asphyxia at our institution, Dr. Kariadi Hospital, was
41.4%, with a mortality rate of 18%. These figures were higher
than those reported in other regions.

The need for early identification of hypoxic exposure
has led to increased attention on NRBCs, the immature red
blood cells present in the fetal circulation. Increased NRBCs
at birth show hypoxic conditions during late pregnancy and
delivery and have been associated with perinatal asphyxia.
NRBCs were released into the bloodstream in response to hy-
poxic stress. Elevated levels serve as a hematological marker
of fetal hypoxia. Newborns with asphyxia are known to exhibit
significantly higher NRBCs counts. The study found that the
average NRBCs count in neonates with asphyxia was 17.43 +
19.86 per 100 leukocytes. Meanwhile, in the control group, the
average NRBCs count was 2.97 + 4.79 per 100 leukocytes, a
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statistically significant difference (P < 0.0001) [6].

Other studies have reported that increased NRBCs counts
are associated with adverse outcomes in neonates with asphyxia.
This result suggested that NRBCs served as a prognostic bio-
marker in predicting complications of asphyxia [7, 8]. This low-
cost prognostic biomarker is particularly needed in countries
with a high prevalence of neonatal asphyxia. However, to date,
no studies have evaluated the prognostic value or determined
the optimal cutoff point of NRBC in such settings, particularly
in Indonesia. Therefore, this study aimed to examine NRBCs
levels as a predictor of clinical outcomes in neonatal asphyxia.

Materials and Methods

This analytical observational study used a cross-sectional de-
sign and was conducted from July 2024 to February 2025 at
Dr. Kariadi General Hospital, Semarang. A total of 128 sub-
jects were diagnosed with neonatal asphyxia. Inclusion cri-
teria were neonates diagnosed with asphyxia in the neonatal
intensive care unit (NICU) of Dr. Kariadi General Hospital,
Semarang, and with patient medical records containing all nec-
essary data. After 20 neonates were excluded due to the lack of
hematology results, the final number of subjects was 108. The
diagnosis of asphyxia was based on APGAR score assessed at
the first minute of birth, with a score < 7.

The diagnosis of neonatal asphyxia was classified into
three categories based on the APGAR score. Mild asphyxia
was defined as an APGAR score of 7-9, moderate asphyxia
as a score of 4-6, and severe asphyxia as a score of 0-3. This
classification was based on the National Clinical Practice
Guideline on the Management of Asphyxia issued by the Min-
istry of Health of the Republic of Indonesia in 2019 [9].

Hematology examinations were carried out using an auto-
mated hematology analyzer (Sysmex XN-1000TM). Absolute
(L) and relative (%) NRBCs levels were obtained from the
analysis results of the hematology analyzer. The clinical out-
comes of asphyxia were based on patient mortality.

The accuracy of NRBCs levels with cutoff values was an-
alyzed using diagnostic tests. The diagnostic ability of NRBCs
levels was expressed as sensitivity and specificity. Further
analysis used the Chi-square test and the results were consid-
ered significant when P < 0.05. Logistic regression was used to
determine the independent relationship between NRBCs levels
and mortality in neonatal asphyxia.

This study was reviewed and approved by the Health Re-
search Ethics Committee of Dr. Kariadi General Hospital, Se-
marang, Indonesia (No. 16368/EC/KEPEK-RSDK/2025). This
study was conducted in compliance with the ethical standards of
the responsible institutional committee on human subjects and
in accordance with the principles of the Declaration of Helsinki.

Results

A total of 108 neonates were used as subjects in this study, con-
sisting of 59 males (54.6%) and 49 females (45.4%). Table 1
shows the demographic data for the subject population based on

Table 1. Subject Demographic Data Based on Outcomes

Outcomes
Variables Death Alive P
n % n %
Gender
Male 27 55.1 32 542  1.000
Female 22 44.9 27 45.8
Birth weight
NNBW 8 16.3 23 39 0.010
LBW 16 32.7 22 373
VLBW 16 32.7 11 18.6
ELBW 9 18.4 3 5.1
Parity
Primipara 19 38.8 22 373 1.000
Multipara 30 61.2 37 62.7
Degree of asphyxia
Mild 3 6.1 15 254 <0.001
Moderate 20 40.8 35 59.3
Severe 26 53.1 9 15.3
Gestational age
Preterm 39 79.6 41 69.5 0.331
Aterm 10 20.4 18 305
Mode of delivery
Abdominal 33 67.3 50 84.7  0.057
Vaginal 16 32.7 9 15.3
On ventilator
Yes 49 100 28 475  <0.001
No 0 0 31 52.5

NNBW: normal newborn baby weight; LBW: low birth weight infant;
VLBW: very low birth weight infant; ELBW: extremely low birth weight
infant.

outcomes.

The test results of demographic data based on outcomes,
such as birth weight, asphyxia severity, and neonates on ven-
tilators, obtained P-values < 0.05, showing a significant re-
lationship between these variables and outcomes. Receiving
operator characteristic (ROC) testing results for absolute (Fig.
1) and relative (Fig. 2) NRBCs showed an area under the curve
(AUC) of 0.859 and 0.829, with a cutoff value of 1.28/uL and
10.5%, respectively. These results are demonstrated in Table 2.

The Chi-square test assessing the correlation between
absolute NRBC counts and clinical outcomes demonstrated a
statistically significant correlation, with a P-value of < 0.001
(P <0.05), as shown in Table 3. This finding corresponded to
a sensitivity of 83.67% and a specificity of 84.75%. Similarly,
analysis of relative NRBC counts in relation to outcomes also
revealed a significant correlation (P < 0.001), with a sensitivity
of 81.63% and a specificity of 81.36%.

Bivariate test results showed that the birth weight, sever-
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Figure 1. ROC curve analysis of absolute NRBC stratified by outcomes.
NRBC: nucleated red blood cell; ROC: receiver operating characteristic.

ity of asphyxia, mode of delivery, and absolute and relative
NRBCs met the requirements for multivariate testing. There-
fore, multivariate testing of these variables was conducted and
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Figure 2. ROC curve analysis of relative NRBC stratified by outcomes.
NRBC: nucleated red blood cell; ROC: receiver operating characteristic.

Table 2. Absolute and Relative NRBCs Level Cutoffs Based
on Outcomes

i 95% CI
Variables Ayc Asymptotic TR Cutoff
SIgnlficance Lower Upper pomt
Absolute NRBCs 0.859 < 0.001 0.781 0.937 1.28
Relative NRBCs  0.829 < 0.001 0.747 0910 10.5

AUC: area under the curve; Cl: confidence interval; NRBC: nucleated
red blood cell.

the results are demonstrated in Table 4.

The logistic regression test on the severity of asphyxia,
absolute, and relative NRBCs obtained P-value < 0.05. There-
fore, a significant relationship existed between these variables.
The beta value (B) obtained a value of 2.335, suggesting that
absolute NRBCs had a more dominant influence on the inci-
dence of asphyxia mortality in neonates.

Discussion

The results of this study obtained an absolute NRBCs cutoff
value of 1.28/uL with a sensitivity, specificity, and P-value of
83.67%, 84.75%, and < 0.001 (P <0.05), respectively. Relative
NRBCs cutoff value was 10.5% with a sensitivity of 81.63%,
specificity of 81.36%, and P-value of < 0.001 (P < 0.05). This
result shows that NRBCs are statistically significantly associ-
ated with the outcomes of neonatal asphyxia (P < 0.05). The re-
sults of this study are consistent with Igbal et al, who found that
the average NRBCs count was significantly higher in the case
group (16.62 £ 17.10) compared to the control group (1.69 =
2.42) (P=0.0001). The average neonatal NRBCs count was sig-
nificantly associated with the severity and outcomes of hypoxia
(P=10.0001). According to a previous study, NRBCs levels were
a hematological biomarker in newborns that was associated with
intrauterine hypoxia and compensatory responses [10].

NRBCs are premature erythrocyte precursors normally
present in the bone marrow of humans of all ages. These my-
eloid progenitor cells differentiate into more developed cells,
thereby becoming erythroblasts. At this stage, the nucleus is
excised, and the cell becomes a reticulocyte, developing into

Table 3. Correlation of Absolute and Relative NRBCs to Out-
comes

Outcomes
Variables Death Alive P
n % n %
Absolute NRBCs
>1.28 41 83.7 9 15.3 <0.001
<1.28 8 16.3 50 84.7
Relative NRBCs
>10.5 40 81.6 11 18.6 <0.001
<10.5 9 18.4 48 81.4

NRBCs: nucleated red blood cells.
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Table 4. Results of Multivariate Tests on Outcomes

Variables B P PR 95% CI
Birth weight —0.171 0.602 0.843 0.444-1.602
Degree of asphyxia severity —1.418 0.007 0.242 0.086-0.683
Mode of delivery —1.261 0.093 0.283 0.065-1.234
Absolute NRBCs 2.335 0.001 10.332 2.469-43.244
Relative NRBCs 2.055 0.006 7.805 1.805-33.744

Cl: confidence interval; NRBCs: nucleated red blood cells; PR: prevalence ratio.

a mature erythrocyte. NRBCs count at birth is a biomarker of
neonatal hypoxia, both in terms of its duration and its estimated
severity. NRBCs levels are positively correlated with indices
responsible for estimating pulmonary vascular resistance and
are used as predictors of outcomes in infants with hypoxic con-
ditions, including asphyxia [11]. The results of this study also
found that birth weight, severity of asphyxia, ventilator use, and
absolute and relative NRBCs levels were factors influencing
outcomes (death or survival) in neonatal asphyxia (P < 0.05).
Low birth weight is associated with an increased risk of poor
health outcomes in childhood and adulthood [12]. Therefore,
birth weight is associated with outcomes in neonatal asphyxia
(P < 0.05). This result is consistent with the report of a previ-
ous study by Ardissino et al that low birth weight is a common
complication in pregnancy, affecting approximately 15% of live
births globally. It is also associated with a higher risk of hy-
poxia and cardiometabolic disease [13]. Several factors can af-
fect blood circulation and gas exchange between the mother and
fetus, leading to fetal hypoxia and neonatal asphyxia. However,
there is a higher prevalence in low birth weight infants [14].
Neonates with asphyxia are classified as mild, moderate,
and severe. This study found that the severity of asphyxia was
associated with its outcomes (P < 0.05). The results are con-
sistent with the report of Mietzsch et al that the severity of
neonatal asphyxia is associated with morbidity and mortality
in neonatal asphyxia patients [15]. Neonatal asphyxia is a life-
threatening condition caused by impaired blood gas exchange,
which can lead to progressive hypoxemia and hypercapnia. Se-
vere asphyxia leads to more serious complications and a worse
long-term outcome. Furthermore, severe hypoxia disrupts cel-
lular oxygen metabolism, leading to neuronal depolarization
and ischemia. This condition causes a series of disorders, rang-
ing from reduced glucose availability needed for cellular me-
tabolism to cell apoptosis. Asphyxia causes permanent brain
damage which leads to progressive disability or death [16].
Recent data show that 5% of full-term infants require posi-
tive pressure ventilation, 2% require intubation, 0.1% require
cardiac compression, and 0.05% require adrenaline. In neonatal
asphyxia, optimizing resuscitation is crucial to prevent mor-
bidity and mortality. Therefore, the primary focus of newborn
resuscitation, specifically for those experiencing asphyxia, is
establishing effective ventilation [17]. This study found that
ventilator use is associated with outcomes in neonatal asphyxia
(P < 0.05), consistent with the report of Giannakis et al. The
rate of encephalopathy, lower pCO, levels in the first 24 h after
birth, and increased oxygen supplementation during the cooling
period were significantly higher in the ventilator-treated group,

leading to worse short-term outcomes. This result can be ex-
plained by the fact that acute hypoxic-ischemic events, as well
as the reperfusion/reoxygenation phase, are characterized by in-
creased oxidative stress initiated through the production of free
radicals, leading to delayed cell death and neuronal loss [17-19].

Conclusions and suggestions

In conclusion, the results of this study show that an absolute
NRBCs cutoff value of 1.28/uL has a sensitivity and specific-
ity of 83.67% and 84.75%, respectively. The relative NRBCs
with a cutoff of 10.5% also have a sensitivity and specificity
of 81.63% and 81.36%, respectively. These cutoff values could
be applied in routine clinical practice, particularly in devel-
oping countries with a high incidence of neonatal asphyxia,
such as Indonesia. Multivariate analysis shows that absolute
NRBCs levels are a predictor of mortality in neonates with
asphyxia, and prevalence ratio is 10.332.

The limitation of this study includes a small sample size
and a single-center design. Other factors, such as birth weight,
severity of asphyxia, ventilator use, and maternal-perinatal
variabels (including a history of infection, preeclamsia, intrau-
terine growth restriction) should be considered in assessing the
prognosis of infants with neonatal asphyxia to enable more
comprehensive interventions. In addition, this study evaluated
only mortality as an outcome. Future studies should incorpo-
rate other clinically important outcomes, such as morbidity, to
improve relevance and applicability.
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