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Abstract
Article History: Background and Objectives: Abnormal pregnancy has a negative impact on the
Received: 21 September 2025 condition of the fetus and the newborn. A significant increase in the fetal nucleated
Revised: 02 December 2025 red blood cell count (NRBC/100 white blood cells [WBCs]) caused by pregnancy
Accepted: 06 December 2025 complications is associated with pathological conditions in newborns. This study
ePublished: 20 March 2026 aimed to compare the number of NRBC/100 WBC and neonatal outcomes in two

groups of mothers with pregnancy complications and healthy mothers.
Materials and Methods: In this cross-sectional study, the number of NRBC/100
WABC of 651 newborns in two groups of mothers with pregnancy complications
(case group) and healthy mothers (control group) who were hospitalized in the
neonatal intensive care unit of Ghaem Hospital in Mashhad, Iran, during 2021-
2025 were examined and compared. A researcher-made questionnaire was used
to collect data, which included infant characteristics (gestational age at birth, first-
minute Apgar score, fifth-minute Apgar score, weight, asphyxia, sepsis, short-term
prognosis, outcomes), maternal characteristics (age, number of deliveries, type of
delivery), and infant laboratory characteristics (acid-base status of the umbilical
E-maifle cord blood, NRBC/100 WBC count).
maryamzakerihamidi@iau.ac.ir Results: Maternal age, number of deliveries, and NRBC values were higher in the
group of infants whose mothers were in the case group, and gestational age, first
and fifth minute Apgar scores, and infant weight were lower in the case group. The
mean NRBC/100 WBC count in infants born following abnormal pregnancies was
three times higher than in those from normal pregnancies (Cohen's d = —1.141,
95% Cl: —1.521 to —0.875, P < 0.001). The incidence of cesarean section,
prematurity, asphyxia, sepsis, necrotizing enterocolitis, patent ductus arteriosus,
and long-term adverse outcomes was higher in infants born to abnormal
pregnancies compared to infants born to normal pregnancies.
Conclusion: The mean NRBC was three times higher in infants born to mothers
with abnormal pregnancies than in those born to mothers with normal pregnancies.
Adverse neonatal outcomes were also increased in this group. Therefore, NRBC
measurement in infants of mothers with the disease can be used as an accessible
and convenient tool to diagnose adverse neonatal outcomes. Early detection and
appropriate treatment based on this measure can contribute to improving the health
of newborns.
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Extended Abstract

Background and Objective

The assessment of the nucleated red blood cell
(NRBC) count in cord blood is a critical metric that
may reflect the in utero fetal condition, potentially
aiding in the prediction of subsequent neonatal
morbidities. NRBCs are immature erythrocytes that
are normally present in the peripheral blood of
newborns, persisting up to the fifth day of life.
Historically, a significant elevation in the
circulating NRBC in neonates has been associated
with substantial underlying prenatal pathological
conditions. Consequently, the present study aimed
to compare the cord blood NRBC count (expressed
as NRBC per 100 white blood cells [WBC],
NRBC/100 WBC) and neonatal outcomes between
two distinct cohorts: neonates born to mothers
experiencing pregnancy complications and those
born to healthy mothers.

Materials and Methods

This cross-sectional study was conducted on
neonates admitted to Ghaem Hospital in Mashhad,
Iran, divided into two groups: those born to mothers
with complicated pregnancies and those born to
healthy mothers. A convenience sampling method
was employed for participant recruitment. To
evaluate the NRBC level, a sample of 1.5 mL of
whole blood was collected from the neonatal side
of the umbilical cord—a site typically discarded—
and placed into ethylenediaminetetraacetic acid
anticoagulant vials. Peripheral blood smears were
then prepared from these samples and stained using
the Leishman technique. In this study, both the
NRBC/100 WBC ratio and the absolute NRBC count
per cubic millimeter were analyzed. The exclusion
criteria included a positive Coombs test, hemolytic
anemia, and congenital anomalies. The inclusion
criteria included neonates resulting from normal
pregnancies (defined as no maternal disease during
gestation, no history of high-risk pregnancies, and
no substance addiction) constituted the control
group. The study group comprised neonates born to
mothers with specific pregnancy complications,
including hypertension, preeclampsia, diabetes,
hypothyroidism, cardiac diseases, infections,
epilepsy, or lupus, all of whom were admitted to the
NICU. Comprehensive clinical and laboratory
assessments were performed on all neonates. Data
collection  utilized a  researcher-developed
questionnaire capturing neonatal characteristics
(gestational age at birth, first-minute Apgar score,
fifth-minute Apgar score, birth weight, presence of
asphyxia, sepsis, short-term prognosis, and overall
outcomes), maternal characteristics (maternal age,
parity, mode of delivery), and neonatal laboratory
data (neonatal pH, neonatal NRBC count). Data
were analyzed using the chi-square and t-test
statistical methods. A P-value of < 0.05 was
statistically significant for all comparisons.

Results

Significant statistical differences were observed
between the two groups regarding maternal age,
parity, gestational age, first- and fifth-minute Apgar
scores, birth weight, and NRBC count. Specifically,

the values for maternal age, parity, and NRBC were
higher in the group of neonates whose mothers had
abnormal pregnancies. Conversely, gestational age,
first- and fifth-minute Apgar scores, and birth weight
were lower in this group. The mean NRBC/100
WBC count in the cohort born to mothers with
complicated pregnancies was three times that of the
neonates born to mothers with normal pregnancies
(Cohen's d = —1.141, 95% CI: —1.521 to —0.875,
P < 0.000). Furthermore, the study results indicated
an increased incidence of asphyxia, sepsis, long-
term adverse outcomes, preterm birth, cesarean
delivery, patent ductus arteriosus, and NEC in
neonates born to mothers with complicated
pregnancies compared to those born to mothers
with healthy pregnancies.

Discussion

The mean NRBC concentration was threefold
higher in the cohort born to mothers with
pregnancy complications compared to the normal
pregnancy group. This elevated level suggests
heightened physiological stress or hematopoietic
response occurring in utero due to the underlying
maternal pathology. Consistent with our findings, a
study conducted by Boskabadi suggested that both
absolute NRBC counts and NRBC percentages
could serve as reliable biomarkers for predicting the
severity of neonatal complications and mortality
rates. Abnormalities in placental perfusion,
resulting from an imbalance of angiogenic factors,
are hypothesized as a key mechanism in
preeclampsia that leads to fetal growth restriction
and prematurity. While the precise underlying
mechanisms linking preeclampsia to subsequent
neurodevelopmental outcomes are still under
rigorous investigation, inflammation and oxidative
stress—key  pathophysiological  hallmarks  of
preeclampsia—are believed to play a substantial
role. These processes adversely affect maternal,
placental, and fetal circulation, exposing the fetus
to maternal immune activation and elevated levels
of pro-inflammatory cytokines. Consequently, the
developing fetal brain is subjected to harmful
stimuli that may disrupt normal neurodevelopment.
High-risk pregnancies, owing to their strong
association with increased maternal and neonatal
morbidity and mortality, constitute a major global
public health concern. The presence of maternal
comorbidities and  obstetric  complications
significantly escalates the likelihood of adverse
neonatal outcomes. Complications, such as preterm
birth, fetal growth restriction, low birth weight, and
congenital anomalies, are leading determinants of
neonatal mortality and long-term developmental
and health sequelae. The management of mothers
afflicted by pregnancy diseases necessitates a
multifaceted approach, encompassing early risk
factor identification, continuous monitoring, and
individualized interventions. The prognosis for
neonates under these circumstances is profoundly
influenced by the gestational age at delivery, birth
weight, the standard of neonatal care received, and
the underlying etiological factors leading to early
delivery. Preventive strategies are imperative and
include comprehensive antenatal screening, regular
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prenatal follow-up, and timely referral to
specialized prenatal care centers to mitigate the
overall burden of high-risk pregnancies. One
limitation of our current study was the inability to
investigate the NRBC levels in the mothers
themselves.

Conclusion

The mean NRBC concentration in the neonates
born to mothers with complicated pregnancies was
three times that observed in the group with normal

pregnancies. In the complicated pregnancy cohort,
maternal age and parity were higher, while
gestational age, first- and fifth-minute Apgar scores,
and birth weight were lower. Based on the findings
of this study, the assessment of NRBC in neonates
of mothers with underlying medical conditions
provides an accessible and straightforward tool for
diagnosing potential adverse neonatal outcomes.
Early identification and appropriate therapeutic
interventions based on these markers can enhance
neonatal health outcomes.
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