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Hyperbilirubinemia is a common condition in newborns, typically
presenting within the first week of life. While mild cases are often benign,
severe hyperbilirubinemia can lead to neurodevelopmental complications
due to bilirubin crossing the blood-brain barrier. Cognitive impairment,
attention deficit disorders, speech and language delays, and motor
dysfunction have all been linked to elevated bilirubin levels. Early
identification and monitoring of infants with hyperbilirubinemia are
crucial for preventing long-term neurodevelopmental consequences.

This study included 55 infants diagnosed with hyperbilirubinemia and 65
healthy controls. Neurodevelopmental outcomes were assessed using the
Developmental Screening Test, Denver Il (DDST). Data collection
included demographic information, birth history, total bilirubin levels, and
neurodevelopmental evaluations. To ascertain the differences between the
study and control groups, statistical analyses were conducted using
methods such as odds ratio computations, chi-square tests, and Mann-
Whitney U tests. Statistical significance was defined as a significance
level of p<0.05.

The hyperbilirubinemia and control groups exhibited a substantial
difference in terms of overall neurodevelopment (p<0.001). The
hyperbilirubinemia group showed a significant delay in fine motor
(p=0.046) and language development (p<0.001), however, neither the
gross motor (p=0.31) nor the personal-social (p=0.26) categories showed
any statistically significant differences. Additionally, infants with total
bilirubin levels exceeding 23.5 mg/dL demonstrated a higher risk of
neurodevelopmental delay. Socioeconomic factors such as parental
education and income did not significantly influence developmental
outcomes between the groups.

Hyperbilirubinemia in newborns is associated with significant
neurodevelopmental delays, particularly in fine motor and language skills.
While modern treatment strategies have reduced the risk of severe
neurological damage, subtle cognitive and motor impairments remain a
concern. Regular developmental screening should be implemented for
infants with a history of severe hyperbilirubinemia to facilitate early
detection and timely intervention.
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1- INTRODUCTION

Hyperbilirubinemia is a prevalent condition in newborns, particularly within the first week of life, and is
characterized by elevated total serum bilirubin (TSB) levels above 2.0 mg/dL [1]. While often a transient and benign
process reflecting the physiological adaptation of neonates to extrauterine life, severe cases can lead to significant
neurodevelopmental consequences. Excess bilirubin can cross the blood-brain barrier, potentially leading to
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bilirubin- induced neurological dysfunction (BIND), which encompasses a spectrum of acute and chronic
neurological impairments [2].

In most neonates, hyperbilirubinemia results from increased bilirubin production due to red blood cell breakdown
and an immature hepatic system incapable of efficient bilirubin conjugation and excretion [3]. However, in some
cases, excessive bilirubin accumulation can cause bilirubin neurotoxicity, particularly when free bilirubin enters the
brain and affects the basal ganglia and brainstem nuclei [4]. This may result in conditions ranging from mild
neurodevelopmental delays to severe neurological impairments such as acute bilirubin encephalopathy and
kernicterus [5].

Kernicterus is a severe and irreversible condition resulting from bilirubin toxicity in the brain, leading to motor
dysfunction, auditory impairments, cognitive deficits, and other neurological sequelae [6]. Clinical manifestations
include choreoathetosis, sensorineural hearing loss, paralysis of upward gaze, and, in severe cases, intellectual
disabilities [7]. Even in neonates who do not develop classical kernicterus, subtle neurodevelopmental deficits
related to bilirubin neurotoxicity can emerge, making early detection and intervention crucial [8].

Brainstem-evoked response audiometry (BERA) has been widely used to detect bilirubin-induced auditory
dysfunction, as bilirubin preferentially affects the auditory pathways [9]. However, neurodevelopmental screening
should not be limited to hearing assessments alone, as bilirubin toxicity can also contribute to motor dysfunctions
and cognitive delays. Identifying infants at risk of subtle neurological deficits is essential for timely interventions
[10].

Although the severity of bilirubin neurotoxicity varies among individuals, several risk factors contribute to its
progression. Since almost all newborns born before 35 weeks of gestation have elevated bilirubin levels because of
immature hepatic function and heightened blood-brain barrier vulnerability, prematurity is a significant factor. [3].
Additionally, genetic predispositions, as in glucose-6-phosphate dehydrogenase (G6PD) deficits, increase the
likelihood of severe hyperbilirubinemia and related complications [4].

Management strategies for hyperbilirubinemia have significantly improved with the advancement of modern
medical care, particularly with the implementation of phototherapy and exchange transfusion [5]. The prevalence of
severe bilirubin-induced neurological damage has significantly decreased as a result of these interventions.
However, despite these advances, some infants still experience mild neurodevelopmental impairments, necessitating
ongoing research into early screening and intervention strategies [6].

The pathophysiology of bilirubin neurotoxicity is complex and involves multiple factors, including free bilirubin
levels, its binding capacity to albumin, and the integrity of the blood-brain barrier [7]. Once bilirubin enters the
central nervous system, it induces neuronal apoptosis and axonal damage, leading to long-term neurological
consequences. Understanding these mechanisms can aid in the development of targeted therapeutic strategies to
mitigate the risks associated with hyperbilirubinemia [8].

Longitudinal studies suggest that even mild bilirubin exposure, previously considered benign, may contribute to
subtle cognitive and motor deficits in later childhood [9]. The significance of long-term neurodevelopmental follow-
up in infants with a history of severe neonatal hyperbilirubinemia is highlighted by these findings. Early recognition
and intervention can enhance developmental outcomes and minimize the impact of bilirubin neurotoxicity on an
infant’s quality of life [10].

Despite extensive research on neonatal hyperbilirubinemia, gaps remain in understanding individual variability in
bilirubin neurotoxicity and its long-term effects. More studies are needed to explore genetic and environmental
factors influencing susceptibility to bilirubin-induced neurological dysfunction, as well as strategies for optimizing
early detection and intervention [9].

In conclusion, hyperbilirubinemia remains a significant concern in neonatal health, particularly due to its potential
impact on neurodevelopment. While advances in medical management have reduced the incidence of severe
neurological damage, the risk of subtle cognitive and motor impairments persists. Continued research and improved
screening approaches are essential to ensure early intervention and optimal long-term outcomes for affected infants
[10].

2- MATERIALS AND METHODS

The study involved two distinct groups: the hyperbilirubinemia group and a control group. The
hyperbilirubinemia group included 55 full-term newborns (gestational age: 38—42 weeks) who required treatment
due to elevated total bilirubin levels (>22 mg/DL). The control group consisted of 65 healthy children who attended
outpatient follow-ups.

Exclusion criteria included preterm births (<38 weeks), perinatal hypoxia, intrauterine growth restriction, major
congenital anomalies, hospitalization for conditions other than hyperbilirubinemia, documented hearing
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impairments, chronic illnesses, and maternal health complications during pregnancy. A comprehensive physical and
neurological assessment was conducted on all participants. Weight, height, and body mass index (BMI) were among
the growth metrics that were noted. Mothers were also questioned about whether or not their kids were given iron
supplements from the time they were 4 to 12 months old. Brainstem Evoked Response Audiometry (BERA) was
used for auditory evaluations. We examined and documented information from the hyperbilirubinemia group's
hospital records. Additionally, sociodemographic data about the parents was collected.

Neurodevelopmental Assessment

The Denver Developmental Screening Test (DDST) was used for neurodevelopmental evaluation. Every assessment
was performed by the same licensed pediatrician. This test was created by Frankenburg and Dodds in 1967 and
updated as Denver Il in 1990. Yalaz et al. standardized it in 2009. [9].

DDST is employed to evaluate the development of infants aged 0-6 years who appear to be clinically healthy. The
test consists of 134 tasks designed to evaluate performance across four developmental domains: personal-social
skills (21 tasks), fine motor abilities (33 tasks), language skills (42 tasks), and gross motor abilities (38 tasks). The
results classify children into four categories: normal, abnormal, suspicious, or untestable.

Statistical Analysis

Box plots, Q-Q plots, and histogram analysis were used to evaluate the data distribution using the Shapiro-Wilk test.
The median, minimum, maximum, frequency, and percentage values were used to display descriptive statistics.
Continuous variables were compared between the two groups using the Mann-Whitney U test.

The Yates-corrected chi-square test and, when applicable, Fisher's exact test were used to analyze nominal variables.
Furthermore, odds ratios were computed along with their corresponding 95% confidence intervals. A two-tailed p-
value was deemed statistically significant if it was less than 0.05. The NCSS 10 program was used for all statistical
analyses (2015, Kaysville, Utah, USA).

3- RESULTS

This study examined 120 children in all, including 65 healthy controls and 55 infants with
hyperbilirubinemia. The two cohorts' sex distributions did not differ significantly (p=0.54). The average age of the
control group was 41.7+10.2 months, whereas the mean age of the hyperbilirubinemia group was 37.3+8.3
months. The study group had a BMI of 14.8+1.1, a height of 100.2+7.2 cm, and a mean weight of 14.8+2.6 kg. On
average, the control group weighed 14.6+2.2 kg, measured 101.8+6.8 cm in height, and had a BMI of 14.1+1.1.
There were no statistically significant differences between the two groups in terms of height (p=0.42), weight
(p=0.66), age (p=0.14), or BMI (p=0.13). There was also no significant difference in the intake of iron
supplements (p=0.85) (Table 1).

The average gestational age and birth weight of the hyperbilirubinemia group were 38.7+£0.4 weeks and 3185+335
g, respectively, according to a study of hospital data. The mean duration of hospitalisation was 3.22+1.4 days,
while the mean time of admission after delivery was 4.3+2.4 days. Weight loss was identified as the cause of
hyperbilirubinemia in three cases, G6PDH deficiency in five, ABO incompatibility in seventeen, and Rh
incompatibility in four. The cause of 19 newborns was not determined. All affected neonates received
phototherapy, two cases involved blood exchange, and nine cases had I1VIG treatment.

Table 1. Clinical characteristics of the study and control groups

Characteristics Study Group (n=55) % Control Group (n=65) % p
Gender (male/female) 55 (30) / 45 (25) (31) 48/ (34) 52 0.54
Age (months) 37.3+8.3 (24-58) 41.7+10.2 (25-62) 0.14
Height (cm) 100.2+7.2 (83-120) 101.8+6.8 (91-120) 0.42
Weight (kg) 14.8+2.6 (9-25) 14.6+2.2 (11.8-23.7) 0.66
BMI 14.8+1.1 (12.6-17.4) 14.1+#1.1 (11.8-17.0) 0.13
Iron intake 0.85
None testable (10) 18.2 (10) 154

Regular (32) 58.2 (40) 61.5

Irregular (13) 23.6 | (15)23.1 |

SD: Standard deviation, BMI: Body mass index, n: Number of patients, statistically significant values (p<0.05)
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Demographic comparisons between the parents of both groups demonstrated no statistically significant
distinctions in maternal or paternal age, educational attainment, family size, or household income (Table 2).

Table 2. Maternal and paternal demographic characteristics

Characteristics Study Group (n=55) % Control Group (n=65) % p
Maternal age 28.6+6.8 (17-46) 28.9+5.3 (19-40) 0.57
Maternal education 0.33
Iliterate (3)5.4 o

Primary school (30) 54.5 (40) 61.5

Secondary school (10) 18.2 (8) 12.3

High school (8) 145 (10) 15.4

University 472 (3)4.6

Paternal age 31.74£7.1 (20-53) 34.3£7.5 (19-53) 0.16
Paternal education 0.35
Iliterate (2) 3.6 ()X

Primary school (25) 45.5 (32) 49.2

Secondary school (15) 27.2 (12) 185

High school (10) 18.2 (14) 215

University (3)5.5 (7) 10.8

Number of children 0.10
1 (25) 45.5 (14) 21.5

2 (12) 21.8 (30) 46.2

3 (12) 21.8 (14) 21.5

4 (4)7.3 (5)7.7

5 (2)36 ) 3.1

Monthly income 0.96
<2000 (14) 25.4 (16) 24.6

2000-5000 (35) 63.6 (40) 61.5

>5000 (6) 10.9 (9) 13.8

SD: Standard deviation, n: Number of patients, statistically significant values (p<0.05)
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The results of the Denver Il Developmental Screening Test (DDST) showed that the two groups'
neurodevelopmental outcomes differed significantly. When compared to the control group, the study group's
neurodevelopmental performance was noticeably worse (p<0.001) (Table 3).

Table 3. General Results of Denver Il Developmental Screening Test

Results Study Group (n=55) Control Group (n=65) (%) | OR (95% | p-value
(%) CI)
Normal 24 (44) 56 (86) 7.89 (2.9- | <0.001
21.1)
Suspicious 18 (33) 6 (10) - -
Abnormal 13 (23) 34) - -
Non- testable 0 (0) 0 (0) - -

Values that are statistically significant (p<0.05), or stands for odds ratio, CI for confidence interval, and n for
participant count.

There was no statistically significant difference in the personal-social (p=0.26) and gross motor (p=0.31) domains
when evaluating individual developmental domains. However, the language and fine motor skills domains showed
significantly more developmental delays in the hyperbilirubinemia group (p<0.001 and p=0.046, respectively)
(Table 4).

Table 4. Denver |1 Developmental Screening Test Outcomes by Developmental Domains

Developmental Area Study Group (n) Control Group (n) OR (95% CI) p-value
Suspicious Abnormal Suspicious Abnormal

Personal-social 1 3 2 0

Fine motor 5 4 1 0

Language 15 13 3 1

Gross motor 3 5 4 0

Statistically significant values (p<0.05). OR: Odds ratio, Cl: Confidence interval

4- DISCUSSION

Hyperbilirubinemia is a prevalent condition during the neonatal period and is particularly concerning due
to its potential impact on brain development once bilirubin levels exceed a critical threshold. Elevated bilirubin
levels have been linked to various neurodevelopmental impairments, including delays in cognitive, speech, and
language development, as well as conditions such as attention deficit-hyperactivity disorder and autism [6-10].

This study assessed infants with hyperbilirubinemia using the Denver Il Developmental Screening Test (DDST).
A comparison between affected infants and the control group revealed a significant delay in neurodevelopment
within the hyperbilirubinemia group (p<0.001). While existing literature suggests a strong correlation between
neonatal hyperbilirubinemia and neurodevelopmental impairment, the relationship remains complex. One recent
study investigated factors contributing to neurodevelopmental delays in both preterm and full-term infants. In
preterm infants, key risk factors included prolonged intensive care, exposure to ototoxic medications, mechanical
ventilation, and hyperbilirubinemia. Among full-term infants, hyperbilirubinemia and Apgar scores were the most
significant factors [11, 12]. Another study demonstrated that higher bilirubin concentrations were associated with a
greater negative impact on development [13].
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Preterm infants are particularly vulnerable to the effects of hyperbilirubinemia, and thus, most research on the
condition's impact on neurodevelopmental delays has focused on this population. Studies on preterm infants have
consistently shown that elevated bilirubin levels significantly contribute to developmental impairments [14-17].
The potential toxicity of bilirubin increases as its concentration rises in the bloodstream, putting affected newborns
at greater risk. Infants with total bilirubin levels higher than 23.5 mg/dL were found to be at increased risk for
neurodevelopmental delay in this study. According to a different study that used the Baroda Developmental
Screening Test, term infants who had total bilirubin levels greater than 22 mg/dL were more likely to experience
developmental delays. [13].

DDST is a widely recognized and reliable tool for assessing neurodevelopment in children aged 0-6 years. It has
been applied to various pediatric populations, including those with adenotonsillar hypertrophy, congenital heart
disease, and infants born to mothers with preeclampsia [18-20].

A significant delay in language development was observed in the hyperbilirubinemia group (p<0.001). Although
multiple studies have explored the effects of hyperbilirubinemia on neurodevelopment, most have primarily
focused on its impact on hearing, with limited research examining its influence on speech development. Currently,
the available literature offers insufficient data on the direct relationship between hyperbilirubinemia and speech-
language development [18, 19, 21].

Additionally, this study discovered that the hyperbilirubinemia group had a statistically significant delay in the
development of fine motor skills (p=0.046). In neonates exposed to severe bilirubin toxicity, there is a well-
established correlation between motor impairment and dyskinetic cerebral palsy. It is still unknown, though, how
low-to-moderate bilirubin levels affect motor function. To fully comprehend the possible motor impairments
brought on by neonatal hyperbilirubinemia, more research is necessary. Research suggests that cerebral palsy and
movement disorders may also develop in preterm infants exposed to mild-to-moderate bilirubin levels. [22, 23].

No significant differences were observed between the two groups in personal- social and gross motor
development.

Family income, parental education, and socioeconomic status are all significant determinants of a child's
development. According to a comprehensive study, preschool-aged children's language and fine motor
development were significantly impacted by maternal education in particular. Additionally, the study found that
mothers had a greater impact on young children's development than fathers did [24- 26]. Parental education level,
family income, and the number of children living in the home did not significantly differ between the groups in
the current study.

A potential limitation of this study is the relatively small sample size. However, strict exclusion criteria were
applied to enhance the accuracy of results. Additionally, the consistency of assessments—performed by a single
evaluator—and the prospective nature of the study strengthen its validity.

5- CONCLUSION

Children without apparent developmental disorders may not always exhibit mild neurological deficits
during routine physical examinations. Therefore, in addition to thorough systemic and auditory evaluations, infants
treated for significant hyperbilirubinemia should also receive routine developmental screening assessments. In order
to guarantee prompt intervention and suitable treatment, early detection of developmental delays is essential.
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