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Abstract 
Background: Neonatal hyperbilirubinemia is among the commonest conditions requiring neonatal intensive care admission and 
phototherapy. Prolonged phototherapy increases hospitalization and healthcare burden, prompting interest in adjunctive 
therapies such as oral zinc, which reduces enterohepatic circulation of bilirubin. 
Objective: To assess the efficacy of oral zinc therapy in reducing serum bilirubin in term neonates with jaundice undergoing 
phototherapy, and its effect on duration of phototherapy and hospital stay. 
Methods: This case-control study was conducted in the Department of Pediatrics, Government Medical College, Kota, Rajasthan, 
over one year and one month. A hundred term neonates (37–41 weeks) with indirect hyperbilirubinemia requiring phototherapy 
were enrolled and divided equally into two groups: Group A (oral zinc sulfate 5 mg/day plus phototherapy) and Group B 
(phototherapy alone). Serial total and indirect serum bilirubin were measured at baseline, 24, 48 and 72 hours. Duration of 
phototherapy, hospital stay, NICU stay and adverse effects were recorded and compared using Student's t-test, chi-square test, 
ANOVA and Pearson correlation. 
Results: Baseline demographic and clinical parameters were comparable between groups. Serum bilirubin reduction was 
significantly greater in the zinc group at 24, 48 and 72 hours (p<0.001). Mean duration of phototherapy was significantly shorter 
in the zinc group (51.0±5.22 vs 70.3±5.27 hours, p<0.001), as were hospital stay (3.10±0.76 vs 4.18±0.69 days) and NICU stay 
(2.94±0.71 vs 3.70±0.61 days). Fewer neonates in the zinc group required extended phototherapy (20.0% vs 68.0%, p<0.001). 
Adverse effects were mild and comparable between groups, and overall clinical improvement was superior in the zinc group. 
Conclusion: Oral zinc supplementation, when added to standard phototherapy, significantly accelerates bilirubin clearance, 
shortens the duration of phototherapy and hospitalization, and is well tolerated in term neonates with indirect 
hyperbilirubinemia. 
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Introduction 
Neonatal jaundice is a common clinical condition observed during the early neonatal period, characterized by yellow 
discoloration of the skin and sclera due to elevated serum bilirubin levels, arising from physiological immaturity of 
hepatic conjugation mechanisms and increased breakdown of foetal erythrocytes after birth [1]. 
In most cases jaundice is benign and self-limiting; however, excessive accumulation of unconjugated bilirubin may 
cross the immature blood–brain barrier and cause bilirubin-induced neurological dysfunction, with the potential for 
long-term neurodevelopmental impairment, making timely diagnosis and management essential [2]. 
Phototherapy remains the standard treatment for neonatal hyperbilirubinemia, converting unconjugated bilirubin 
into water-soluble photo-isomers that can be excreted without hepatic conjugation; several adjunctive therapies 
have nonetheless been explored to enhance bilirubin reduction and shorten treatment duration [3]. Among these, 
zinc has attracted attention for its ability to bind unconjugated bilirubin in the intestinal lumen and reduce 
enterohepatic circulation, thereby potentially accelerating bilirubin clearance [4]. 
Neonatal jaundice is broadly classified as physiological or pathological depending on the timing of onset, rate of 
bilirubin rise and associated clinical factors, with pathological jaundice presenting earlier or persisting longer and 
being associated with hemolysis, infection or metabolic disorders [5]. Management strategies focus primarily on 
reducing serum bilirubin and preventing toxicity; oral zinc supplementation has been explored as an adjunct that 
may limit intestinal reabsorption of bilirubin and improve its elimination [6,7]. 
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Neonatal jaundice remains a significant contributor to neonatal morbidity worldwide and a leading cause of neonatal 
hospitalization, particularly in developing countries where delayed recognition and variability in access to 
standardized treatment facilities remain concerns [8,9]. Recent systematic reviews have highlighted ongoing efforts 
to explore adjunct therapeutic approaches, including zinc supplementation, to improve treatment outcomes and 
reduce the overall disease burden [10]. 
Despite the wide acceptance of phototherapy, its effectiveness may vary with baseline bilirubin concentration, 
gestational maturity and individual metabolic variation, and some neonates require prolonged therapy that increases 
hospitalization and resource utilization. Consistent evidence supporting the routine use of adjunctive 
pharmacological agents such as zinc remains limited, and variability in treatment protocols underscores the need for 
further research to clarify the role of such supportive interventions [11,12]. 
Given this background, the present study was undertaken to assess the efficacy of oral zinc therapy in reducing serum 
bilirubin among term neonates with jaundice undergoing phototherapy, and to determine its effect on the duration 
of phototherapy and hospital stay. 
 

Materials And Methods 
Study design and setting: This was a case-control study conducted in the Department of Pediatrics, Government 
Medical College and associated group of hospitals over a period of one year and one month (1 March 2025 to 31 
March 2026), after approval from the Institutional Ethics Committee and Research Review Board. 
Study population: Term neonates (37–41 weeks gestation) admitted with neonatal jaundice undergoing 
phototherapy were included. Neonates having Direct hyperbilirubinemia; systemic illness or severe sepsis; severe 
respiratory disease or oral intolerance; major congenital malformations; early discharge, discontinuation of therapy 
or loss to follow-up; jaundice of less than 24 hours or more than 7 days duration and refusal for consent were 
excluded from the study.  
The sample size was calculated using the formula N = 2SD²(Zα/2 + Zβ)²/d², using a standard deviation of 2.854 and 
an effect size of 1.74 from a previous study [1], at 95% confidence and 80% power. The calculated size of 84 was 
rounded to 100 (50 per group) to increase precision. 
Eligible neonates were enrolled after obtaining informed written parental consent and were randomly divided into 
two groups of 50 each. Group A (zinc group) received oral zinc supplementation (5 mg/day, once daily, in suspension 
form) along with standard phototherapy for five days or until bilirubin normalized; Group B (control group) received 
phototherapy alone. Phototherapy units were of standard specification and calibrated identically for both groups. 
Breast milk and spoon feeds were given on demand as per NICU protocol. Medication was discontinued, and 
supportive treatment given, if adverse effects such as vomiting, abdominal distension, diarrhoea, skin rash or 
irritation occurred. 
A structured proforma was used to record baseline characteristics (gestational age, birth weight, total serum 
bilirubin), serial bilirubin levels, duration of phototherapy, and adverse events. Neonates were assessed twice daily. 
Serum total and indirect bilirubin were measured at baseline and at 24, 48 and 72 hours after initiation of 
intervention, and thereafter as required. Phototherapy was discontinued once bilirubin fell below the phototherapy 
range as per guideline [13]. 
Outcomes: The primary outcome was reduction in serum bilirubin at 24, 48 and 72 hours. Secondary outcomes were 
duration of phototherapy, length of hospital and NICU stay and incidence of adverse effects. 
Statistical analysis: Data were entered in Microsoft Excel and analysed using SPSS software. Continuous variables 
were compared using Student's independent-samples t-test and one-way ANOVA; categorical variables were 
compared using the chi-square test; Pearson's correlation was used to assess association between continuous 
variables. A p-value ≤0.05 was considered statistically significant. 
 

Results 
A total of 116 term neonates with neonatal jaundice requiring phototherapy were screened, of whom 16 were 
excluded as per the eligibility criteria. The remaining 100 eligible neonates were enrolled and divided equally into 
the zinc group (n=50) and the control group (n=50). 
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Baseline demographic and clinical characteristics, including gender distribution, gestational age, birth weight, Age at 
onset of jaundice, mode of delivery, gravida status and feeding pattern were comparable between both groups, 
(Table 1) 
 
Table 1. Distribution and baseline demographic characteristics of the study population (N=100) 

Parameter Variable Zinc group (n=50) Control group (n=50) p-value 

Gender Male, n (%) 33 (66.0) 34 (68.0) 0.832 

Female, n (%) 17 (34.0) 16 (32.0) 

Gestational age (weeks), Mean±SD 38.75±1.01 38.75±1.02 0.992 

Birth weight (kg) Mean±SD 2.89±0.35 2.88±0.36 0.960 

Age at onset of jaundice 
(hours) 

Mean±SD 39.06±7.55 39.76±7.36 0.640 

Mode of delivery LSCS, n (%) 27 (54%) 26 (52%) 0.841 

NVD (%) 23 (46%) 24 (48%) 

Gravida status Primigravida, n (%) 20 (40.0) 19 (38.0) 0.838 

Multigravida, n (%) 30 (60.0) 31 (62.0) 

Feeding status Formula feeding, n (%) 14 (28.0) 15 (30.0) 0.0917 

Mixed feeding, n (%) 17 (34.0) 18 (36.0) 

 
Serial assessment showed a progressive decline in bilirubin levels in both groups, with a significantly greater decline 
in the zinc group at all post-intervention intervals (Table 2). 
 
Table 2. Serial total and indirect serum bilirubin levels between study groups (mg/dL, Mean±SD) 

Time interval Zinc group (n=50) Control group (n=50) p-value 

Total bilirubin – Before intervention 17.22±1.52 17.30±1.52 0.723 

Total bilirubin – 24 hours 15.09±1.15 15.90±1.34 <0.001 

Total bilirubin – 48 hours 11.53±0.94 13.40±1.19 <0.001 

Total bilirubin – 72 hours 8.29±0.73 10.30±1.04 <0.001 

Indirect bilirubin – Before intervention 16.47±1.36 16.57±1.36 0.714 

Indirect bilirubin – 24 hours 14.34±0.99 15.18±1.19 <0.001 

Indirect bilirubin – 48 hours 10.85±0.82 12.64±1.07 <0.001 

Indirect bilirubin – 72 hours 7.73±0.63 9.68±0.92 <0.001 

 
The absolute reduction in serum bilirubin at each interval was significantly higher in the zinc group (Table 3). 
 
Table 3. Reduction in serum bilirubin between study groups at different time intervals (mg/dL, Mean±SD)  

Interval Zinc group (n=50) Control group (n=50) p-value 

Reduction at 24 hours 2.13±0.38 1.39±0.18 <0.001 

Reduction at 48 hours 5.69±0.59 3.96±0.33 <0.001 

Reduction at 72 hours 8.93±0.80 7.02±0.48 <0.001 

 
Duration of phototherapy, hospital stay and NICU stay were significantly shorter in the zinc group, and fewer 
neonates in this group required extended phototherapy (Table 4). 
 
Table 4. Duration of phototherapy, hospital stay, NICU stay and requirement of extended phototherapy between 
study groups 

Parameter Zinc group (n=50) Control group (n=50) p-value 

Duration of phototherapy (hours), 
Mean±SD 

51.0±5.22 70.3±5.27 <0.001 

Hospital stay (days), Mean±SD 3.10±0.76 4.18±0.69 <0.001 

NICU stay (days), Mean±SD 2.94±0.71 3.70±0.61 <0.001 
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Extended phototherapy required, n (%) 10 (20.0) 34 (68.0) <0.001 

 
Adverse effects were infrequent in both groups and did not differ significantly (Table 5). 
 
Table 5. Adverse effects associated with therapy among study groups (N=100) 

Adverse effect Zinc group (n=50) Control group (n=50) p-value 

Vomiting, n (%) 3 (6.0) 2 (4.0) 0.646 

Diarrhoea, n (%) 3 (6.0) 2 (4.0) 0.646 

Skin rash, n (%) 1 (2.0) 1 (2.0) 1.000 

Excessive cry, n (%) 2 (4.0) 4 (8.0) 0.400 

Irritability, n (%) 2 (4.0) 4 (8.0) 0.400 

 
All neonates in both groups recovered; however, overall clinical improvement was significantly better in the zinc 
group, with a higher proportion showing excellent improvement and none graded as fair (Table 6). 
 
Table 6. Final clinical outcome and overall clinical improvement between study groups (N=100) 

Outcome Zinc group (n=50) Control group (n=50) p-value 

Recovered, n (%) 50 (100.0) 50 (100.0) 1.000 

Excellent improvement, n (%) 15 (30.0) 0 (0.0) <0.001 

Good improvement, n (%) 35 (70.0) 34 (68.0)  

Fair improvement, n (%) 0 (0.0) 16 (32.0)  

 
Baseline total serum bilirubin correlated strongly with clinical severity of jaundice, neonates with severe jaundice 
showing substantially higher baseline levels than those with moderate jaundice (19.2±0.44 vs 16.3±0.65 mg/dL, 
p<0.001). 
 

Discussion 
This case-control study evaluated the effect of oral zinc supplementation, given alongside standard phototherapy, on 
the reduction of serum bilirubin and related clinical outcomes in term neonates with indirect hyperbilirubinemia. 
Both groups were well matched at baseline, with comparable neonatal age at admission, gestational age, birth 
weight, age at onset of jaundice and baseline bilirubin levels (all p>0.05), supporting the validity of intergroup 
comparison. Equal allocation between intervention and control arms and comparable baseline characteristics have 
similarly been reported in earlier zinc-supplementation trials, including those by Mandlecha et al [1], Ibrahim 
Eldesoky et al [2], El–Araby et al [4] and Nikouei et al [14], underscoring the importance of balanced study design 
when assessing adjunctive therapies for neonatal jaundice. 
Males predominated among the enrolled neonates (67.0%), consistent with the male preponderance reported in 
previous studies on neonatal hyperbilirubinemia, including those by Goodarzi et al [15], Baiomi et al [16] and 
Boskabadi et al [17], although gender showed no significant association with treatment allocation or outcome in the 
present or prior studies. 
The principal finding of this study was a significantly greater and more rapid decline in both total and indirect serum 
bilirubin in the oral zinc group compared with the phototherapy-alone group at 24, 48 and 72 hours (p<0.001 at all 
intervals), with a correspondingly greater absolute reduction at each time point. This is consistent with several 
previous studies. Mandlecha et al [1] reported significantly lower bilirubin levels in the zinc group at serial intervals 
compared with placebo; Ibrahim Eldesoky et al [2] similarly observed greater bilirubin reduction with zinc 
supplementation at 12 and 24 hours and at discharge. Nikouei et al [14] found a substantially greater bilirubin decline 
at 24 hours in the zinc group compared with placebo, and de Oliveira et al [10], in an updated meta-analysis, reported 
significant mean differences favouring zinc supplementation at 24, 48 and 72 hours. ElRaggal et al [9] and Hamed et 
al [7] also reported greater bilirubin reduction with high-dose zinc and zinc-salt supplementation respectively, and 
Ghadirzadeh et al [18], in a meta-analysis, concluded that zinc supplementation was associated with reduced 
bilirubin levels, particularly among term neonates. In contrast, El–Araby et al [4] and Alam et al [19] did not find a 
statistically significant difference in bilirubin reduction between zinc-treated and control groups, illustrating 
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heterogeneity in the published literature; nonetheless, the consistent and progressive decline observed across all 
three post-intervention intervals in the present study supports a genuine adjunctive benefit of oral zinc in enhancing 
bilirubin clearance during phototherapy. 
Consistent with this enhanced biochemical response, neonates receiving oral zinc required a significantly shorter 
duration of phototherapy (51.0±5.22 vs 70.3±5.27 hours, p<0.001), had a markedly lower requirement for extended 
phototherapy (20.0% vs 68.0%, p<0.001), and had significantly shorter hospital and NICU stay. Similar reductions in 
phototherapy duration with zinc supplementation have been reported by Mandlecha et al [1], Nikouei et al [14], 
Ibrahim Eldesoky et al [2] and ElRaggal et al [9], while Hamed et al [7] also reported shorter hospitalization with zinc 
administration. Shoris et al [20] emphasized the clinical value of strategies that shorten phototherapy exposure given 
the potential for phototherapy-related adverse effects, further supporting the relevance of the reduction in 
treatment duration observed here. As with the bilirubin outcomes, El–Araby et al [4] and Alam et al [19] did not 
observe a significant reduction in phototherapy duration with zinc, reflecting variability in reported outcomes across 
settings and dosing protocols. 
A significant inverse correlation was observed between the magnitude of bilirubin reduction at 72 hours and duration 
of phototherapy (Pearson’s r = −0.486, p<0.001), indicating that neonates with greater early bilirubin clearance 
required a shorter overall duration of treatment. This reinforces the clinical utility of monitoring early treatment 
response as a predictor of subsequent phototherapy requirement. 
Adverse effects, including vomiting, diarrhoea, skin rash, excessive cry and irritability, were infrequent and did not 
differ significantly between groups, indicating that oral zinc supplementation was well tolerated. This safety profile 
is consistent with the findings of Mandlecha et al [1], Ibrahim Eldesoky et al [2], El–Araby et al [4], ElRaggal et al [9] 
and the meta-analysis by Ghadirzadeh et al [18], all of which reported no significant excess of adverse events with 
zinc supplementation. Baiomi et al [16] and Goodarzi et al [15], however, cautioned that phototherapy itself may 
raise serum zinc levels and that additional supplementation could theoretically predispose to zinc excess, although 
overt clinical toxicity was not demonstrated in either their studies or the present one; this highlights an area 
warranting biochemical monitoring in future research. 
Overall clinical improvement was significantly better in the oral zinc group, with 30.0% of neonates showing excellent 
improvement compared with none in the control group, and no neonate in the zinc group graded as having only fair 
improvement. This pattern of superior clinical response parallels the findings of Mandlecha et al [1], Ibrahim Eldesoky 
et al [2], Nikouei et al [14], Hamed et al [7] and de Oliveira et al [10], although, as noted, not all published trials — 
notably those of El–Araby et al [4] and Alam et al [19] — have demonstrated additional clinical benefit from zinc 
supplementation. 
Baseline total serum bilirubin correlated strongly with clinical severity of jaundice, neonates with severe jaundice 
showing substantially higher baseline levels than those with moderate jaundice (19.2±0.44 vs 16.3±0.65 mg/dL, 
p<0.001), consistent with the recognized role of baseline bilirubin concentration as a determinant of disease severity 
and treatment need, as emphasized in the Standard Treatment Guidelines of the Indian Academy of Pediatrics [13].  
Taken together, these findings support the hypothesis that oral zinc, administered as an adjunct to phototherapy, 
meaningfully accelerates bilirubin clearance and improves treatment-related outcomes in term neonates with 
indirect hyperbilirubinemia, without an appreciable increase in short-term adverse effects. 
This study was conducted at a single tertiary-care teaching hospital with a relatively modest sample size, which may 
limit generalizability. Only term neonates with indirect hyperbilirubinemia were included; preterm neonates, infants 
with hemolytic or conjugated hyperbilirubinemia, and those with major congenital anomalies were excluded, limiting 
applicability to these subgroups. Serum zinc levels were not measured before or after supplementation, precluding 
assessment of baseline zinc status or biochemical correlation with bilirubin reduction, and neonates were not 
followed up after discharge, so delayed adverse effects, rebound hyperbilirubinemia and neurodevelopmental 
outcomes could not be evaluated.  
 

Conclusion 
Oral zinc supplementation, when administered as an adjunct to standard phototherapy, significantly enhances the 
reduction of total and indirect serum bilirubin at 24, 48 and 72 hours, shortens the duration of phototherapy and the 
need for its extension, and reduces hospital and NICU stay in term neonates with indirect hyperbilirubinemia, without 
a significant increase in adverse effects, indicating that it is both effective and well tolerated over the short term.  
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Larger multicentric randomized controlled trials involving diverse neonatal populations, including preterm and low-
birth-weight infants, are recommended to validate the efficacy and safety of oral zinc supplementation across varying 
severities of hyperbilirubinemia. 
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