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Correlation between Neonatal Hyperbilirubinemia and serum 25-hydroxyvitamin D
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[bookmark: _j7swy841qoe]ABSTRACT
 Background: Neonatal hyperbilirubinemia is a leading cause of hospital readmission, yet nearly half of the cases have an unknown etiology. Emerging evidence suggests that vitamin D deficiency, a globally prevalent condition, may be a significant modifiable risk factor for this common neonatal issue.
Objective: This study aimed to determine the correlation between serum 25-hydroxyvitamin D [25(OH)D] and total serum bilirubin (TSB) levels in a  of Iraqi neonates. 
Methods: This case control study was conducted at Al-Diwaniyah Maternity and Children Teaching Hospital in Iraq. Data and samples were collected over a four-month period between April 1, 2025, and July 31, 2025. A convenience sample of 75 term neonates was recruited, consisting of 50 infants diagnosed with hyperbilirubinemia (cases) and 25 healthy infants (controls). Serum TSB was quantified using colorimetric method , and 25(OH)D levels were measured by immune assay .
Results: The hyperbilirubinemia group had significantly lower mean vitamin D levels (9.51 ng/ml) compared to the control group (24.65 ng/ml; p<0.001), representing a 61.4% reduction. Conversely, mean TSB was substantially higher in cases (10.35 mg/dL) than in controls (2.70 mg/dL; p<0.001). A moderate, statistically significant negative correlation was identified between 25(OH)D and TSB levels (r = -0.441, p < 0.037). This indicates that lower vitamin D levels are directly associated with higher bilirubin levels across the entire study population.
Conclusion: Vitamin D deficiency is a significant risk factor associated with the development of neonatal hyperbilirubinemia in this cohort of Iraqi neonates.
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[bookmark: _m2eyzs3xxocc] INTRODUCTION
Neonatal hyperbilirubinemia is a common condition, affecting 60-80% of newborns in the first postnatal week (Huang et al. 2021). It is the leading cause of hospital readmission in term infants and poses a risk of irreversible neurological injury (kernicterus) when bilirubin levels exceed neurotoxic thresholds (Bhat, Sheikh, and Ara 2021). This imposes a significant healthcare burden globally. Despite known causes such as hemolysis and prematurity, approximately 50% of pathological hyperbilirubinemia cases have an unknown etiology (Kurt et al. 2025). This lack of identifiable cause complicates risk stratification and prevention, and these unexplained cases contribute significantly to neonatal readmissions, parental anxiety, and healthcare costs. Current management relies heavily on phototherapy, but late-presenting cases still incur high costs and morbidity. Identifying novel modifiable risk factors, such as micronutrient status, is therefore crucial for improving prevention strategies and reducing this burden globally  (Zia et al. 2020)
Emerging evidence suggests vitamin D deficiency may increase hyperbilirubinemia risk. Meta-analyses indicate neonates with jaundice exhibit 5.35–9.52 ng/ml lower vitamin D levels than controls (Huang et al. 2021). However, some studies report no significant correlation (Mehrpisheh et al. 2018) , highlighting controversy. Both bilirubin conjugation and vitamin D 25-hydroxylation occur hepatically (Bhat, Sheikh, and Ara 2021). Shared enzymatic pathways (e.g., UDP-glucuronosyltransferase) may link their metabolism; vitamin D deficiency could impair bilirubin clearance or exacerbate hemolysis via dysregulated calcium homeostasis (Abed et al. 2020) . Approximately half of pathological hyperbilirubinemia cases lack identifiable etiology (Kurt et al. 2025). These unexplained cases contribute significantly to neonatal readmissions, parental anxiety, and healthcare costs. Identifying novel modifiable risk factors, like micronutrient status, is crucial for improving prevention strategies and reducing this burden globally (Bhat, Sheikh, and Ara 2021).
Vitamin D crosses the placenta, making maternal levels critical for neonatal status. High rates of maternal vitamin D deficiency (up to 92.3% in some populations) directly impact newborn stores (Zia et al. 2020). This deficiency potentially predisposes infants to hyperbilirubinemia via impaired hepatic function established in utero (Halim 2023). Vitamin D deficiency is highly prevalent globally, even in sunny regions, due to factors like clothing habits and limited supplementation (Ayadi et al. 2016). Studying its potential link to hyperbilirubinemia in specific populations like Diwaniyah, Iraq, is vital, as local prevalence and risk factors may differ significantly (Zia et al. 2020).
This study aims to determine the correlation between serum 25(OH)D and total bilirubin levels in Iraqi neonates with hyperbilirubinemia. Findings may clarify vitamin D's role as a modifiable risk factor and inform targeted interventions in the Diwaniyah region.
[bookmark: _ec5m3o8w17b9] MATERIALS AND METHODS 
[bookmark: _xqmkj9z6t0ve]3.1. Study Design and Setting
This observational case control study was conducted at Al-Diwaniyah Maternity and Children Teaching Hospital in Iraq, adhering to protocols established in similar investigations (Huang et al. 2021). Data and samples were collected between April 1, 2025, and July 31, 2025. The study exclusively enrolled term neonates (≥37 weeks gestation) to eliminate prematurity-related confounders, consistent with exclusion criteria applied by (Kurt et al. 2025).
[bookmark: _p1sdezmxz42i]3.2. Participant Selection
Eligible participants comprised term neonates (2-14 days old) diagnosed with indirect hyperbilirubinemia requiring medical intervention based on American Academy of Pediatrics guidelines. Exclusion criteria mirrored those of (Mehrpisheh et al. 2018) : 1) Preterm infants (<37 weeks), 2) Direct hyperbilirubinemia (conjugated bilirubin >20% of TSB), 3) Congenital anomalies or metabolic disorders, 4) Critical illness requiring intensive care, and 5) Prior vitamin D supplementation. A convenience sample of 75 neonates was recruited (50 hyperbilirubinemia cases, 25 healthy controls).
[bookmark: _g9731twak5of]3.3. Data and Sample Collection
Clinical data including gestational age, birth weight, postnatal age, feeding mode, and phototherapy history were extracted from medical records using standardized forms adapted from (Zia et al. 2020). Blood samples (2 ml) were drawn during clinically indicated venipuncture to minimize procedural burden. Samples were collected in plain vacutainers, centrifuged at 3,500 rpm for 10 minutes within 30 minutes of collection, and stored at -80°C until analysis.
[bookmark: _fh0h7cd7av0z]3.4. Laboratory Procedures
Total Serum Bilirubin (TSB) was quantified using spectrophotometry (RAYTO RT-9200 analyzer). Calibration was performed daily using manufacturer-provided standards, with inter-assay coefficients of variation maintained below 5% through rigorous quality control protocols as described by (Abed et al. 2020).
Serum 25-Hydroxyvitamin D [25(OH)D] levels were measured via enzyme-linked immunosorbent assay (ELISA; DiaSorin LIAISON® kits) following manufacturer instructions. Vitamin D status was classified per Endocrine Society guidelines: deficiency (<20 ng/mL), insufficiency (20-30 ng/mL), and sufficiency (≥30 ng/mL). All assays included internal controls with CV <8%, consistent with methodologies in (Halim 2023).
[bookmark: _zb4u07trgp8k]3.5. Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics version 28.0. Continuous variables were expressed as mean ± standard deviation (SD). The primary analysis evaluated the correlation between 25(OH)D and TSB levels using Pearson's correlation. Group comparisons (cases vs. controls) utilized independent samples t-tests .
[bookmark: _1voza3dvy116]3.6. Ethical Considerations
The study protocol received approval from the Research Ethics Committee of Al-Diwaniyah Health Directorate (Ref: REC-2025-03-12 4696). 
[bookmark: _ot62mnm5krc] RESULTS 
[bookmark: _jkvsnm8w48fu]4.1 Demographic and Clinical Characteristics of Participants
A total of 75 term neonates were enrolled in the study, comprising 50 with hyperbilirubinemia (case group) and 25 healthy neonates (control group). The baseline demographic and clinical characteristics of both groups are summarized in Table 1. The analysis revealed no statistically significant differences between the case and control groups in terms of mean birth weight, postnatal age, gender distribution, or mode of feeding (p > 0.05 for all variables).
[bookmark: _awd4xbvj4wzk]Table 1: Demographic and Clinical Characteristics of Study Participants.
	Characteristic
	Hyperbilirubinemia Group (n=50)
	Control Group (n=25)
	P-value

	Birth Weight (kg, Mean ± SD)
	3.15 ± 0.45
	3.21 ± 0.42
	0.58

	Postnatal Age (days, Mean ± SD)
	5.8 ± 2.1
	5.5 ± 2.3
	0.64

	Gender (Male/Female)
	28 / 22 (56% / 44%)
	13 / 12 (52% / 48%)
	0.77

	Feeding Type (Breastfed/Formula)
	38 / 12 (76% / 24%)
	16 / 9 (64% / 36%)
	0.25


[bookmark: _m77ybbc7zq]4.2 Descriptive Analysis of Neonatal Vitamin D and Bilirubin Levels
The descriptive analysis revealed the mean and standard deviation for vitamin D and Total Serum Bilirubin (TSB) levels across the two study groups. In the hyperbilirubinemia group, the mean vitamin D level was 9.51±7.49 ng/ml, while the mean TSB level was 10.35±3.88 mg/dL. For the control group, the mean vitamin D level was 24.65±12.1 ng/ml, and the mean TSB level was 2.70±1.48 mg/dL. An independent samples t-test was performed for both variables, and the results indicated a statistically significant difference between the two groups, with a p-value of < 0.001.
Table 2: Descriptive Statistics of Vitamin D and TSB Levels by Study Group
	Variable
	Hyperbilirubinemia Group (n=50)
	Control Group (n=25)
	P-value

	Average Vitamin D Level
	9.51±7.49 ng/ml
	24.65±12.1 ng/ml
	< 0.001

	Average Total Serum Bilirubin (TSB) Level
	10.35±3.88 mg/dL
	2.70±1.48 mg/dL
	< 0.001


The descriptive findings reveal a statistically significant difference in both vitamin D and TSB levels between the two study groups, which provides substantial support for the study's central hypothesis. This observation suggests a potential etiological link where vitamin D deficiency may predispose newborns to a higher risk of developing neonatal hyperbilirubinemia. This is biologically plausible, as both bilirubin conjugation and vitamin D 25-hydroxylation are processes that occur in the liver. The shared metabolic site implies that a deficiency in one pathway could influence the function of the other, thereby impairing the liver's ability to clear bilirubin as shown in figure 1.
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[bookmark: _14ryj113qvna]Figure 1 Average Vitamin D and TSB Levels by Study Group.
[bookmark: _n1pfxbo2vwee]4.3 Correlation Analysis and Visual Representation of Study Variables
 A Pearson correlation analysis was conducted to quantify the linear relationship between the serum vitamin D level and the TSB level across all 75 neonates in the study. The calculated Pearson correlation coefficient (r) was used to measure the strength and direction of the relationship, while a P-value was determined to assess its statistical significance. The analysis yielded a correlation coefficient of r=−0.441, with a P-value less than 0.037. 
Table 3: Pearson Correlation Analysis between Neonatal Vitamin D and TSB Levels
	Correlation Coefficient (r)
	P-value

	-0.441
	< 0.037


[bookmark: _q23hlm2n45w7]4.4 Analysis based on Postnatal Age Groups
Within the case group (n=50), patients were stratified into two postnatal age categories: early neonatal (2-7 days) and late neonatal (8-14 days). As shown in Table 4, while TSB levels were slightly higher in the younger group, consistent with the natural peak of neonatal jaundice, there was no significant difference in mean vitamin D levels between the two age groups.

[bookmark: _hxqosku78k9x]Table 4: Comparison of Vitamin D and TSB Levels by Age Group in the Hyperbilirubinemia Group (n=50).
	Postnatal Age Group (days)
	No. of Cases (n)
	Mean Vitamin D (ng/ml)
	Mean TSB (mg/dL)

	2 – 7
	35
	9.45 ± 7.6
	11.1 ± 3.5

	8 – 14
	15
	9.62 ± 7.3
	8.9 ± 4.1


[bookmark: _1jfb2qme5a3k]DISCUSSION
 The comparability of the two groups is a methodological strength of this study. By ensuring that baseline characteristics such as birth weight and age were well-matched, we can minimize the influence of these potential confounding variables. This increases the likelihood that the observed differences in serum vitamin D and bilirubin are attributable to the variables under investigation rather than demographic disparities. This approach aligns with other well-designed studies in the field, such as that by (Kurt et al. 2025), who also carefully controlled for known risk factors to isolate the potential role of micronutrients in the etiology of neonatal jaundice.
The findings as shown in table 2 and figure 1  are consistent with a body of research that has explored this association. A meta-analysis by (Huang et al. 2021)reported that neonates with jaundice exhibit vitamin D levels that are 5.35–9.52 ng/ml lower than in healthy controls, a finding that aligns with the directional difference observed in the current study. Furthermore, the results are supported by a study by  (Halim 2023), which concluded that vitamin D deficiency could predispose infants to hyperbilirubinemia via impaired hepatic function. The role of maternal vitamin D status is also important, as high rates of maternal deficiency directly impact newborn stores, potentially contributing to this deficiency. This is particularly relevant in regions like Diwaniyah, where local prevalence and risk factors may vary.
However, the present study's findings are not universally supported by all research. In contrast,  (Mehrpisheh et al. 2018)  reported "no significant differences between the two groups" in serum vitamin D levels and concluded a lack of a relationship between vitamin D status and neonatal hyperbilirubinemia.  
The finding in table 3 is consistent with and, in some cases, represents a stronger correlation than reported in some previous studies. (Bhat, Sheikh, and Ara 2021) also found a statistically significant negative correlation between vitamin D and serum bilirubin levels in hyperbilirubinemic neonates, with a correlation coefficient of −0.335. The study by  (Abed et al. 2020)  also concluded there was a "significant negative correlation between vitamin D levels and serum bilirubin in neonates". The observed correlation in the present study is also consistent with the broader conclusion of a meta-analysis by (Huang et al. 2021), which found lower vitamin D levels in hyperbilirubinemic neonates.
However, these results stand in contrast to a study by (Sadr et al. 2021) found no significant relationship between neonatal 7th-day jaundice and vitamin D levels. These discrepancies in the literature highlight the complexity of this relationship and underscore the  neonatal liver is functionally immature. It is plausible that its limited metabolic capacity creates competition for enzymatic pathways or cellular resources. An increased demand on one pathway—or a deficiency affecting overall liver health—could consequently impair the other. As stated by (Mehrpisheh et al. 2018)  , "The 25-hydroxylation stage, one of the main phases of vitamin D synthesis, takes place in the liver, as well as bilirubin conjugation". This shared location suggests that compromised hepatic function could manifest as both low vitamin D levels and inefficient bilirubin clearance.
The molecular basis for the potential relationship between vitamin D and liver function, including bilirubin metabolism, is based on vitamin D's mechanism of action as a regulator of gene expression. The active hormonal form of vitamin D, 1,25-dihydroxyvitamin D (1,25(OH)2D), exerts its effects by binding to a specialized nuclear receptor known as the Vitamin D Receptor (VDR). This receptor is a transcription factor found in most cells of the body, including liver cells (hepatocytes). Upon binding, the VDR-1,25(OH)2D complex forms a heterodimer with other receptors, such as the Retinoid X Receptor (RXR), and this complex then binds to specific regions on the DNA known as Vitamin D Response Elements (VDREs) found in hundreds of genes. This binding can activate or inhibit the transcription of these genes, leading to widespread effects on numerous physiological and pathological processes. Consequently, a deficiency in vitamin D could lead to the dysregulation of genes responsible for hepatic metabolic functions, which may contribute to a decreased efficiency in bilirubin conjugation and clearance (Bikle, S. Adams, and Christakos 2013)
 This age-based analysis  as shown in table 4 provides a critical insight. The higher bilirubin levels in the first week align with the well-documented natural history of neonatal jaundice, which often peaks around the third to fifth day of life, as also observed in follow-up studies like that of  (Ansong-Assoku et al. 2025). More importantly, the stability of vitamin D levels across the first two weeks of life strongly suggests that the deficiency is a congenital condition, established at birth, rather than an acquired postnatal issue. This finding points directly to the maternal contribution to neonatal vitamin D status. A study by (Singh et al. 2024) emphatically supports this, demonstrating a significant correlation between maternal vitamin D levels during pregnancy and subsequent bilirubin levels in their newborns. Therefore, the low vitamin D level in our jaundiced neonates is likely a direct reflection of maternal deficiency.
[bookmark: _rv2vuyu109gj]CONCLUSIONS 
This study concludes that there is a moderate, statistically significant negative correlation between serum 25-hydroxyvitamin D levels and the severity of neonatal hyperbilirubinemia in the studied Iraqi population. Newborns diagnosed with hyperbilirubinemia demonstrated markedly lower concentrations of vitamin D compared to their healthy counterparts. The evidence strongly suggests that vitamin D deficiency is a significant and modifiable risk factor for the development of neonatal jaundice.
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