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Abstract

Background: Neonatal jaundice, characterized by yellow discoloration of the skin and
sclera due to bilirubin deposition, remains one of the most common neonatal problems.
Polycythemia in neonates increases red blood cell mass, leading to accelerated breakdown
and hyperbilirubinemia, which can progress to severe complications such as kernicterus.
Objective: To determine the frequency of neonatal jaundice among polycythemic infants
admitted to the neonatal intensive care unit (NICU).

Methodology: A cross-sectional study was conducted at the Department of Pediatrics,
Hayatabad Medical Complex, Peshawar, from July 2020 to January 2021. A non-probability
consecutive sampling technique was used, and a total of 167 neonates were enrolled based
on WHO sample size calculation. Inclusion criteria were neonates less than one month old,
gestational age between 31-40 weeks, weight 1500-4600 g, and diagnosed with
polycythemia. Neonates with blood disorders, syndromic features, or jaundice developing
after three weeks were excluded. Data were collected through structured questionnaires,
clinical assessment, and laboratory investigations. Analysis was done using SPSS v20.
Results: Among 167 neonates, 108 (65.7%) were male and 59 (35.3%) female, with a mean
age of 14.5 + 7.22 days. Neonatal jaundice was present in 78 (46.7%) infants, and 45 (26.9%)
developed kernicterus. Jaundice was significantly associated with male gender, neonatal
age <15 days, high hemoglobin levels (>22 g/dL), elevated serum bilirubin, obstetric
complications, birth asphyxia, and cephalohematoma (p < 0.05), but not with gestational
age.

Conclusion: Nearly half of the polycythemic neonates admitted to the NICU developed
jaundice, with a considerable proportion progressing to kernicterus. Male gender, higher
hemoglobin concentration, and perinatal complications emerged as major risk factors.
These findings highlight the importance of early screening and timely intervention in
polycythemic infants to prevent severe neurological outcomes.
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Introduction

Jaundice is defined as the yellow discoloration of mucosa
and skin due to deposition of excessive bilirubin, and it is a
cause of concern for physicians as well as a source of
anxiety for parents [1]. Elevated bilirubin levels are
potentially toxic to the central nervous system, and may
result in permanent neurological impairment even in term
newborns. Globally, neonatal jaundice is a common clinical
condition, affecting approximately 60% of term newborns
and up to 80% of preterm newborns in the first week of life
[23]. It is also one of the leading causes of hospital
readmissions during the neonatal period [4].

Jaundice may be classified as physiological or pathological.
Physiological jaundice typically appears after 24 hours of
birth and is predominantly unconjugated bilirubin, whereas
pathological jaundice occurs within the first 24 hours of life
and is usually conjugated, often requiring aggressive
medical intervention [5-7]. Severe hyperbilirubinemia is a
preventable condition but, if untreated, can lead to
kernicterus and lifelong neurodevelopmental impairment
[8].

Polycythemia in neonates is defined as a hemoglobin level
above 22 g/dL or a hematocrit greater than 65% [9]. Its
reported prevalence ranges from 2-15% in normal
gestational age infants and is higher among preterm
neonates [10,11]. Several risk factors contribute to
polycythemia, including maternal conditions (hypertension,
cyanotic congenital heart disease, diabetes mellitus) and
neonatal factors (intrauterine growth retardation, hypoxia,
congenital abnormalities, and chromosomal disorders)
[12,13]. Increased erythropoiesis, secondary to hypoxia,
further contributes to high hematocrit levels in affected
neonates. Clinical features of neonatal polycythemia are
often nonspecific and include ruddy complexion, irritability,
tremors, poor feeding, apnea, and seizures [14].

Despite the global burden, there is limited evidence from
Pakistan regarding the association between neonatal
jaundice and polycythemia. No prior study has been
conducted in District Peshawar to determine the frequency
of jaundice in polycythemic neonates admitted to the NICU.
Therefore, this study was undertaken to bridge this gap,
provide local data, and guide future preventive and
management strategies.
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Methodology

Study Design:

This study was designed as a cross-sectional observational
study, employing a non-probability consecutive sampling
technique. The approach was chosen to capture the
frequency of neonatal jaundice among polycythemic infants
admitted to the neonatal intensive care unit (NICU),
providing a snapshot of the burden of disease within the
defined study period.

Ethics:

Ethical approval for the study was obtained from the
Institutional Ethical Committee of Hayatabad Medical
Complex, Peshawar (Ref. No. 302/HEC/B&PSC/2020).
Written informed consent was taken from the parents or
legal guardians of all neonates enrolled. Confidentiality of
patient data was ensured, and participation was voluntary
without any undue pressure.

Setting:

The study was conducted in the Department of Pediatrics,
Neonatal Intensive Care Unit (NICU) of Hayatabad Medical
Complex, Peshawar, over a six-month duration from July 12,
2020, to January 12, 2021. This is a tertiary care facility that
caters to a wide catchment area, thus ensuring inclusion of
neonates from diverse demographic and clinical
backgrounds.

Participants:

A total of 167 neonates were included, meeting the
inclusion criteria of being below one month of age,
diagnosed with polycythemia (hemoglobin >22 g/dL or
hematocrit >65%), with a gestational age between 31 and
40 weeks, and a birth weight ranging from 1500 g to 4600
g. Only those neonates whose parents or guardians
consented were included. Exclusion criteria comprised
neonates with blood disorders (ABO/Rh incompatibility,
G6PD deficiency), syndromic features such as trisomies,
those developing jaundice after three weeks of age, and
cases where guardians declined consent.

Variables:

The primary outcome variable was neonatal jaundice,
defined clinically by yellow discoloration of skin and sclera,
and confirmed through serum bilirubin levels. Independent
variables included demographic data (age, gender,
gestational age, birth weight, head circumference), clinical
factors (mode of  admission, birth asphyxia,
cephalohematoma,  obstetric ~ complications),  and
laboratory parameters (hemoglobin levels, serum bilirubin
levels).
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Data Sources/Measurement:

Data were collected using a structured questionnaire
developed by the Pediatrics Unit of Hayatabad Medical
Complex. Clinical examination assessed visible jaundice,
while laboratory confirmation was obtained through
complete blood count (CBC), serum bilirubin estimation,
cross-match testing, and G6PD screening. Polycythemia
was confirmed via hematological indices. Data were
entered into SPSS version 20.0 for analysis.

Bias:

To minimize selection bias, consecutive sampling was
applied so that all eligible neonates within the study period
were included. Measurement bias was reduced by using
standardized laboratory techniques for bilirubin and
hemoglobin estimation. Observer bias was minimized by
training the data collection team and cross-verifying
laboratory results with clinical findings.

Study Size:

The sample size of 167 neonates was calculated using the
WHO sample size calculator, considering a 95% confidence
interval, a precision level of +5.51%, and an estimated
prevalence of polycythemia at 15.6%. This ensured sufficient
statistical power to detect associations between neonatal
jaundice and risk factors.

Quantitative Variables:

Continuous variables such as age, gestational age, weight,
head circumference, hemoglobin level, and serum bilirubin
levels were measured and presented as mean + standard
deviation (SD). Categorical variables such as gender,
jaundice presence, kernicterus, birth asphyxia,
cephalohematoma, and treatment modalities were
expressed in frequencies and percentages.

Statistical Methods:

Data were analyzed using SPSS version 20.0. Descriptive
statistics  (means, SD, frequencies, percentages)
summarized baseline characteristics. Stratification of
neonatal jaundice was performed by age, gender,
gestational age, hemoglobin, serum bilirubin level,
kernicterus, phototherapy, and exchange transfusion to
assess effect modification.  Associations  between
categorical variables were tested using Chi-square test, and
a p-value <0.05 was considered statistically significant.

610
Results

Participants

A total of 167 neonates fulfilling the inclusion criteria were
enrolled in this study. The mean age of participants was
14.50 + 7.22 days, with the majority (62.3%) being within the
first 15 days of life. Among the neonates, 108 (65.7%) were
male and 59 (35.3%) were female, demonstrating a male
predominance. The gestational age ranged from 31 to 40
weeks, with a mean of 36.73 + 2.50 weeks. Most infants
(79.0%) were born at term (3640 weeks), whereas 21.0%
were late preterm (31-35 weeks).

Descriptive Data

The mean birth weight of the neonates was 3.18 + 0.74 kg,
while the average occipitofrontal circumference (OFC) was
35.2 = 1.3 ¢cm, and the mean length was 80.65 + 11.79 cm.
Hemoglobin levels ranged widely, with a mean of 20.49 +
5.85 g/dL; notably, 78 (46.7%) of the neonates had Hb levels
>22 g/dL, fulfilling the criteria for polycythemia. The mean
serum bilirubin level was 23.58 + 9.17 mg/dL. Regarding
admission status, 53.3% of neonates were admitted
electively while 46.7% were admitted on an emergency
basis. Conservative treatment was administered in 75.4% of
cases.

Outcome Data

Neonatal jaundice was observed in 78 (46.7%) infants, while
89 (53.3%) had no evidence of jaundice. Among those
affected, 45 (26.9%) developed kernicterus, highlighting the
severity of hyperbilirubinemia in this cohort. Phototherapy
was administered to 28.1% of neonates as part of
management. Furthermore, birth asphyxia was present in
174% of neonates, and cephalohematoma was
documented in 12%. Obstetric complications were reported
in 28.1% of cases.

Main Results

Analysis revealed significant associations between neonatal
jaundice and several variables. Jaundice was more common
among male neonates (p = 0.05) and in those younger than
15 days (p = 0.01). A strong relationship was also found
between jaundice and elevated serum bilirubin levels, with
the majority of affected neonates having bilirubin >16
mg/dL. Polycythemic neonates with hemoglobin >22 g/dL
were all jaundiced (p < 0.001), indicating a direct link
between polycythemia and hyperbilirubinemia. Kernicterus
was significantly associated with the presence of jaundice (p
< 0.001), as were obstetric complications (p < 0.001), birth
asphyxia (p < 0.001), and cephalohematoma (p < 0.001).
However, no statistically significant relationship was
observed between jaundice and gestational age (p = 0.25).
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Table No. 1: Frequency and percentages of the variables

Variable Frequency & percentage (%)
Gender Male 108 (64.7%)
Female 59 (35.3%)
Age 0-15 days 104 (62.3%)
16-29 days 63 (37.7%)
Gestational age 31-35 weeks 35 (21.0%)
36- 40 weeks 132 (79.0%)
Mode of admission Elective 89 (53.3%)
Emergency 78 (46.7%)
Conservative Yes 126 (75.4%)
treatment No 41 (24.6%)
Hemoglobin >22 mg/dl 78 (46.7%)
<22mg/dl 89 (53.3%)
Serum Bilibriubin >16 mg/dl 108 (64.7%)
<16 mg/dl 59 (35.3%)
Jaundice Yes 78(46.7%)
No 89(53.3%)
Kernicterus Yes 45(26.9%)
No 122(73.1%)
Obstetric Yes 47(28.1%)
complication No 120(71.9%)
Birth asphyxia Yes 29(17.4%)
No 138(82.6%)
Cephalohematoma Yes 20(12%)
No 147(88%)

Table No. 2: Relationship between neonatal Jaundice and other variables

Variable Jaundice p-value

Yes No

Gender Male 44 64 0.05
Female 34 25

Age 0-15 days 57 47 0.01
16-29 days 21 42

Gestational age 31-35 weeks 13 22 0.25
36- 40 weeks 65 67

Mode of admission Elective 25 64 0.00
Emergency 53 25

Hemoglobin >22 mg/dl 78 - 0.00
<22mg/dl - 89

Kernicterus Yes 43 2 0.00
No 35 87

Obstetric Yes 46 1 0.00
complication No 35 85

Birth asphyxia Yes 29 - 0.00
No 89 49

Cephalohematoma Yes 20 - 0.00
No 58 89
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Discussion

The objective of this study was to determine the frequency
of neonatal jaundice among polycythemic neonates
admitted to the NICU. Our findings revealed that jaundice
was present in nearly half of the infants, with a significant
proportion developing kernicterus. The results showed a
strong association of jaundice with male gender, younger
age, elevated serum bilirubin, high hemoglobin
concentration, obstetric complications, birth asphyxia, and
cephalohematoma, whereas no significant relationship was
observed with gestational age.

Our results are consistent with previous studies highlighting
polycythemia as an important risk factor for neonatal
jaundice. A case-control study conducted in Ethiopia
demonstrated a strong association between polycythemia
and neonatal jaundice [15], while other reports have
emphasized that an increased red blood cell load in
polycythemic neonates leads to accelerated hemolysis and
hyperbilirubinemia [16].

Gender differences also emerged as significant in our study,
with males being more affected. This observation is
supported by studies in Tehran [17], Kelantan [18], and
Ethiopia [19], which reported a higher incidence of jaundice
among male neonates due to delayed hepatic maturation.
Birth asphyxia was another major determinant in our
findings, consistent with studies conducted in India [20],
Nigeria [21,22], Patiala [23], and Umbu Rara Meha Hospital
[24]. These studies concluded that hypoxic insult reduces
glycogen availability and impairs bilirubin conjugation,
thereby aggravating hyperbilirubinemia.

The significance of neonatal age in the development of
jaundice was also demonstrated in our study, in line with
the work of Imoudu IA [25], who reported strong
associations between neonatal jaundice, early neonatal age,
and gender. Similarly, Boskabadi et al. [26] also confirmed
polycythemia as a key risk factor for hyperbilirubinemia.
Cephalohematoma was identified in our results as a
contributor to jaundice, corroborating findings from Zeleke
BA and colleagues [27], who demonstrated that scalp
bruising and extravasated blood serve as an additional
bilirubin source.

Other studies such as those by Selvam S [28], Asaye S [29],
Warsame HA [30], and Sisay BD [31] also reported
significant associations between perinatal complications
and neonatal jaundice, further supporting our findings.
These studies highlighted the multifactorial pathways,
including  hypoxia-induced impairment of bilirubin
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conjugation and renal dysfunction, which contribute to
hyperbilirubinemia.

In addition, studies from Ethiopia [32,33] and India [34]
confirmed the association of neonatal jaundice with gender
and perinatal risk factors. Interestingly, Dahat A et al. [34]
reported a higher frequency of jaundice among female
neonates in their population, which contrasts with our
results, indicating that regional or genetic differences may
influence gender predisposition.

Although gestational age was not found to be significantly
associated with jaundice in our study, conflicting evidence
exists. For instance, Imoudu IA [25] reported gestational age
as a significant factor, while our findings suggest otherwise,
possibly due to differences in sample characteristics or
confounders. This emphasizes the need for larger,
multicenter studies in Pakistan to validate these
associations.

The concordance of our findings with a wide range of
international studies highlights the global relevance of
neonatal jaundice in polycythemic infants, while also
underlining the need for context-specific data to guide
interventions in local settings.

Conclusion

This study showed that jaundice was the most frequent
clinical manifestation among polycythemic neonates
admitted to the NICU, with nearly half developing
hyperbilirubinemia and a significant proportion progressing
to kernicterus. Male gender, early neonatal age, elevated
hemoglobin and bilirubin levels, obstetric complications,
birth asphyxia, and cephalohematoma were strongly
associated with jaundice, whereas gestational age showed
no significant association. These findings underscore the
importance of vigilant monitoring and timely intervention
in polycythemic neonates to prevent severe outcomes such
as kernicterus. Future studies on larger populations across
multiple centers are warranted to further explore these
associations and guide preventive strategies.
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