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Systematic Review: 
The Therapeutic Effect of Zinc Sulfate in Iranian Neonates With 
Hyperbilirubinemia: A Systematic Review and Meta-Analysis

Background: Physiologic jaundice in neonates usually occurs during the first week of life. The 
main cause of this condition is increased serum bilirubin due to heme catabolism.

Objectives: This systematic review and meta-analysis study aimed to investigate the therapeutic 
effect of zinc sulfate in Iranian newborns with hyperbilirubinemia.

Methods: This review was performed based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) protocol. The databases of ISI, Cochrane Library, Google 
Scholar, PubMed, and Scopus were independently searched by two researchers using MeSH 
keywords. We included the studies published in different regions of Iran from 2015-2018. The 
obtained data were analyzed using the meta-analysis technique and STATA. To determine the 
heterogeneity across the studies, the Q and I square (I2) indices were used.

Results: A total of 40 articles were collected from which 5 studies with adequate quality entered 
the systematic review process. The collected results were assessed in the intervention (zinc 
sulfate recipients) and control (without zinc sulfate treatment) groups. After the first day of 
consumption, total serum bilirubin level decreased 4.46 mg/dL (I2=61.9%, P=0.049) and 4.08 
mg/dL (I2=72.9%, P=0.011) in the intervention and comparison groups, respectively. In the 
second and third days, the mean values of decreases in serum bilirubin reached 7.64 mg/dL 
and 6.66 mg/dL in the intervention and comparison groups, respectively. From the third day 
onward, serum bilirubin dropped by 8.46 and 7.08 mg/dL in intervention and control groups, 
respectively. Meta-regression analysis data based on the sample size and year of the study 
indicated a significant growing trend in using zinc sulfate by increasing years and sample size.

Conclusions: Zinc sulfate is a safe and effective medication in reducing bilirubin level and its 
usage has increased in recent years. Therefore, this supplement could be used for the treatment 
of neonatal hyperbilirubinemia.
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1. Introduction 

he physiologic jaundice in neonates usually 
occurs within the first weeks of life (1). Its 
prevalence is estimated to be approximate-
ly 60% in term neonates and 80% in prema-
ture infants (2). The main cause of neonatal 
hyperbilirubinemia is the increased level of 
serum bilirubin due to heme catabolism 
(3). Direct bilirubin is produced by the de-

struction of erythrocytes. Erythrocytes are produced in 
the bone marrow and destructed in the spleen at the 
end of their lifespan. Hemoglobin is then broken down 
into hem and globin chains (4). Indirect hyperbilirubine-
mia occurs when non-conjugated bilirubin enhances. 
Increased non-conjugated bilirubin occurs in neonatal 
jaundice, Gilbert’s syndrome, hemolytic anemia, and 
Crigler–Najjar syndrome (5, 6). Conjugated hyperbili-
rubinemia generates in liver and bile ducts conditions, 
including liver cirrhosis, liver tumors or abscesses, in-
trahepatic obstruction, hepatitis, congenital rotors syn-
dromes, and Dubin–Johnson syndrome (7, 8).

Therapeutic methods in neonatal hyperbilirubinemia 
include phototherapy, blood exchange, and pharmaceu-
tical treatments, like zinc sulfate supplementation (9). 
Each of these treatments is used considering the neo-
nates’ clinical conditions. Some studies have suggested 
that phototherapy during the neonatal period may in-
crease the risk of melanoma at older ages (10, 11).

Mendez et al. found that zinc salts could dissociate al-
most all non-conjugated bilirubin from unsaturated bile 
salts in physiologic pH in hamster’s intestine inhibiting 
its reuptake. Oral zinc supplements could suppress the 
biliary secretion of bilirubin in hamsters (12). A study 
evaluated the effect of zinc sulfate on patients with Gil-
bert’s syndrome. The relevant data demonstrated that 
administrating oral zinc sulfate significantly reduced 
serum bilirubin levels in the studied subjects (13). An-
other study indicated that zinc sulfate administration on 
the second day after birth did not significantly reduce 
serum bilirubin level in the term and preterm healthy 
neonates; however, it reduced the duration of photo-
therapy (14). 

Zinc sulfate has a great safety profile and is associated 
with no adverse complications. Besides, zinc is an es-
sential mineral required for growth and development 
and participates in multiple metabolic pathways (15, 
16). The purpose of meta-analysis surveys is to provide 
an integrated approach toward a specific issue (17, 18). 
Comprehensive data on the therapeutic effect of zinc 

sulfate in neonatal hyperbilirubinemia in Iran are scarce. 
Systematic review and meta-analysis of clinical trials re-
garding the therapeutic effect of zinc sulfates in neona-
tal jaundice have been disregarded. 

Therefore, to validate the results of clinical trials on 
this issue, it seems necessary to perform a meta-anal-
ysis to provide precise and valid evidence for planners 
and researchers in this field. The present study aimed 
to investigate the therapeutic effect of zinc sulfate in 
neonatal hyperbilirubinemia in Iran. Accordingly, we 
performed a systematic review and meta-analysis on 
clinical trials in this regard.

2. Methods

This systematic review and meta-analysis study was 
conducted based on the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA). The 
study involved 5 steps, including initial design, literature 
search, collection and review of articles for inclusion 
criteria, qualifying the articles, and finally the statistical 
analysis. To prevent publication bias, the search was in-
dependently performed by two researchers; then, the 
results of the studies were combined by a third person.

To obtain the studies related to the research question, 
a comprehensive search was conducted in the national 
and international scientific resources (Magiran, Iran Me-
dex, Scopus, PubMed, Cochrane, and Web of Science), 
and Google Scholar. According to the research question, 
“bilirubin” and “zinc sulfate” were used as keywords. 
These keywords were initially searched individually fol-
lowing a combinational comprehensive search using 
Boolean operators. Eventually, to find relevant articles, 
the references of the recruited articles were checked. 
The full-texts of relevant and non-duplicated articles 
were finally provided to the researchers. Original re-
search papers assessing the effect of zinc sulfate in the 
treatment of hyperbilirubinemia in Iranian newborns 
were included.

Low-quality and irrelevant articles, those with in-
complete data, review articles, case reports, letters 
to editors, qualitative studies, the abstracts of articles 
presented in congresses without complete information 
were excluded from the study.

The Consolidated Standards of Reporting Trials (CON-
SORT) checklist [18-17] was used to qualify the listed ar-
ticles. Two of the authors independently dedicated each 
part of the checklist with a score between 0-2. Based 
on the total scores obtained from the checklist, the ar-
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ticles were categorized as weak (scores 1-15), moderate 
(scores 16-30), and good (scores 31-44). Articles that ac-
quired ≥16 scores were entered into the meta-analysis.

In the final list of evaluated papers, those investigat-
ing the therapeutic effect of zinc sulfate in neonatal 
hyperbilirubinemia in Iran were analyzed. The record-
ed variables were the first author’s name, publication 
date, research location, sample size, the characteristics 
of zinc sulfate treatment and control groups, as well as 
features related to the neonates with hyperbilirubine-
mia, comparisons between the intervention and com-
parison groups, and alternations in bilirubin levels in the 
intervention (i.e., zinc sulfate) and control groups. The 
information from the final papers was entered into a 
researcher-made checklist.

Since the number of final studies <10 and given the 
type of data used, funnel plot and analyses on publica-
tion bias were not performed. Then I square (I2) index 
was used to calculate the data heterogeneity. The het-
erogeneity index between the studies was individually 
calculated for each study variable. Considering the signif-
icant heterogeneity between the studies (P<0.001), the 

random-effects model was used to combine the results 
of different studies. The obtained data were analyzed 
using STATA.

3. Results

Initially, a list of all the titles and abstracts of the col-
lected articles was prepared. After hiding the specifica-
tions of the articles (including the names of the journals 
and authors), the articles’ full-texts were provided to 
the researchers. 

First, 40 related articles were obtained. Of these, 20 
articles were excluded due to improper communication 
and incomplete results on the topic. After reviewing the 
articles’ full-texts, 15 related papers were omitted due 
to the lack of necessary criteria. Finally, 5 papers were 
entered into the evaluation step. The selection protocol 
of the studies is shown in Figure 1. The total number of 
the samples was 364 neonates with hyperbilirubinemia 
rendering 73 subjects per study. The characteristics of 
the included articles are presented in Table 1 (19-23). All 
the variables studied in each intervention (zinc sulfate 

 
 

40 records were identified in the 
primary literature search  

20 duplicated records were omitted 

20 remained records were 
screened 

10 records were excluded 

10 full-texts were assessed 
for eligibility 

5 studies were excluded 
because of incomplete 

information 

5 studies were included in 
quantitative synthesis (meta-

analysis) 

Figure 1. Flowchart of the studies in the systematic review and meta-analysis
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supplementation) and control (no zinc sulfate supple-
mentation) group are noted in Table 2.

Meta-regression analysis, in terms of the year of the 
study, suggested a significant result (P<0.001); it indicat-
ed a growing trend in using zinc sulfate by the increasing 
year of study conduction and sample size (Figure 2). 

Forest plot 3a) shows the total bilirubin value in the 
case group (baseline) 17.12 (95% CI: 15.08. -19.16, 
I2=61.9), and Forest plot 3b) demonstrates the total bili-
rubin value in the control group (baseline) 17.15(95% 
CI:15.47.-18.82, I2=72.9) (Figure 3).

Table 1. Specifications of the reviewed articles

Female (No.)Male (No.)Total (No.)PlaceYearAuthorReferences

412566Khorasan2015Mafinezhad19

74478Yasooj2015Nabavizadeh20

402060Mashhad2016Mohammadzadeh21

313970Mashhad2017Hashemian22

--90Lorestan2018Beiravand23

Table 2. The effect of zinc sulfate supplementation in hyperbilirubinemia newborns by subgroups

PI2CI/95Articles No. (%)Subgroup

0.00099.83.41.-8.334 (5.87)Age of infants (d)

0.00087.91603-20716 (1837.4)Weight of infants (gr)

0.00779.735.82-38.943 (37.38)Pregnancy birthday

0.00099.212.94.-18.553 (15.74)Amount of hemoglobin in the intervention group

--13.51-19.552 (B16.53)Amount of hemoglobin in the control group

0.9260-0.04-2.723 (1.34)Amount of reticulocyte in the intervention group

0.73900.45.-1.273 (0.86)Amount of reticulocyte in the controls

0.04961.915.08.-19.164 (17.12)Total bilirubin value in intervention group (baseline)

0.01172.915.47.-18.824 (17.15)Total bilirubin value in the controls (baseline)

0.887010.9-14.424 (12.66)Total bilirubin in intervention group (day one)

-5
0

0
50

10
0

2015 2016 2017 2018
Year

95% CI Fitted values

Figure 2. Meta-regression analysis of the therapeutic effect of zinc sulfate in neonatal hyperbilirubinemia by the year of study
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4. Discussion

The present study investigated the therapeutic effect 
of zinc sulfate in neonatal hyperbilirubinemia in Iran. A 
systematic review and meta-analysis were conducted 
on the related clinical trials. Our results suggested that 
hemoglobin levels were lower in the neonates treated 
with zinc sulfate, compared to those of the placebo 
group. Studies have also revealed that a high hemoglo-
bin level is a prerequisite for neonatal jaundice and hy-
perbilirubinemia (24-26). Zinc sulfate supplementation 
could decompose and reduce blood hemoglobin; how-

ever, care should be taken to prevent anemia or other 
hematologic disorders in this condition.

The achieved results indicated that the reticulocyte 
percentage was higher in neonates administrated with 
zinc sulfate, compared to the controls. Hermanson et al. 
argued that elevated Nucleated Red Blood Cells (NRBCs) 
and reticulocytes could be related to either oxytocin-
induced stress in labor, acute and chronic asphyxia, 
preeclampsia, maternal diabetes, smoking, and various 
types of anemia, or hemolytic during the embryonic pe-
riod (27). Christianson et al. documented a significant 

Heterogeneity between groups: p = 0.017

Overall  (I-squared = 72.9%, p = 0.011)

West

Subtotal  (I-squared = 0.0%, p = 0.364)

ID

Subtotal  (I-squared = 78.1%, p = 0.033)

Hashemian (2017)

Mohammadzadeh (2016)

Beiravand (2018)

Nabavizadeh (2015)

East

Study

17.15 (15.47, 18.82)

15.53 (13.40, 17.67)

ES (95% CI)

19.71 (17.02, 22.41)

21.50 (18.34, 24.66)

14.87 (9.68, 20.06)

14.96 (12.49, 17.43)

17.24 (12.99, 21.49)

100.00

61.46

Weight

38.54

28.15

10.39

45.96

15.50

%

17.15 (15.47, 18.82)

15.53 (13.40, 17.67)

ES (95% CI)

19.71 (17.02, 22.41)

21.50 (18.34, 24.66)

14.87 (9.68, 20.06)

14.96 (12.49, 17.43)

17.24 (12.99, 21.49)
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61.46
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15.50

%

  
0-24.7 0 24.7

Heterogeneity between groups: p = 0.080

Overall  (I-squared = 61.9%, p = 0.049)

Subtotal  (I-squared = 0.0%, p = 0.328)

East

Subtotal  (I-squared = 74.0%, p = 0.050)

Hashemian (2017)

West

ID

Beiravand (2018)

Mohammadzadeh (2016)

Nabavizadeh (2015)

Study

17.12 (15.08, 19.16)

15.90 (13.45, 18.36)

19.86 (16.18, 23.54)

22.50 (17.97, 27.03)

ES (95% CI)

15.08 (12.12, 18.04)

14.73 (8.42, 21.04)

17.72 (13.33, 22.11)

100.00

69.20

30.80

20.33

Weight

47.58

10.46

21.62

%

17.12 (15.08, 19.16)

15.90 (13.45, 18.36)

19.86 (16.18, 23.54)

22.50 (17.97, 27.03)

ES (95% CI)

15.08 (12.12, 18.04)

14.73 (8.42, 21.04)

17.72 (13.33, 22.11)

100.00

69.20

30.80

20.33

Weight

47.58
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21.62

%

  
0-27 0 27

A

B

Figure 3. Forest plot related to the total bilirubin value

a) in the intervention group (baseline) with a 95% confidence interval; b) in the control group (baseline) with a 95% confidence interval
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association between the increased levels of NRBCs and 
reticulocytes and the incidence of intracranial hemor-
rhage in preterm labor (28). Samiei et al. also suggested 
that elevated NRBCs and reticulocytes could predict the 
incidence of jaundice (29).

In the present report, the mean age of the infants was 
approximately 5 days. The obtained data revealed that 
the incidence of neonatal hyperbilirubinemia is com-
mon during the first week of life (30, 31). We investi-
gated the total serum bilirubin level in two groups of 
neonates (zinc sulfate treated vs. non-treated). After 
the first day of life, the total bilirubin level declined 4.46 
mg/dL and 4.08 mg/dL in the intervention and placebo 
groups, respectively. During the second and third days, 
there were 7.64 mg/dL and 6.66 mg/dL decreases of the 
same unit in the intervention and control groups, re-
spectively. After the third day, the serum bilirubin level 
declined by 8.46 mg/dL and 7.08 mg/dL in the test and 
placebo groups, respectively. 

In similar studies, Rana et al. described that an early 
administration of zinc sulfate failed to reduce the in-
cidence of neonatal jaundice; nevertheless; it short-
ened the duration of hospitalization for phototherapy 
(14). Mendez et al. (32) reported that oral zinc sulfate 
supplementation could suppress the intestinal-hepatic 
cycle of bilirubin; therefore, it could be administered 
for treating neonatal physiologic jaundice. In individuals 
who are prone to bile ducts stones secondary to dietary 
regimens, diseases, or medications, oral zinc salts could 
reduce the risk of biliary stones by increasing the excre-
tion of indirect bilirubin (12). Mendes et al. assessed the 
impacts of daily administration of oral zinc sulfate (100 
mg) for 7 days on serum indirect bilirubin levels in pa-
tients with Gilbert syndrome (13). They concluded that 
administrating zinc sulfate reduced the bilirubin level in 
the studied patients, i.e., possibly due to suppressing 
the intestinal-hepatic cycle (13). Another study conduct-
ed on healthy-term and near-term neonates revealed 
that zinc sulfate supplementation failed to significantly 
reduce serum bilirubin levels; however, this method re-
duced the duration of phototherapy. The reason why 
zinc had no effect son bilirubin level in the recent study 
may be due to the late onset of treatment (i.e., day 2 
after birth) (14). Zinc sulfate is a safe supplement with-
out unwanted complications and is among the miner-
als required for proper growth and development. Zinc 
deficiency interferes with the main metabolic pathways 
(15). According to the results of the above-mentioned 
studies, zinc sulfate could be an effective supplement to 
treat neonatal hyperbilirubinemia; however, more stud-
ies are required to support this conclusion.

The meta-regression analysis data indicated that nu-
merous studies explored the therapeutic roles of zinc 
sulfate with moving toward 2018. Therefore, the focus 
on zinc sulfate introduces it as an appropriate and safe 
supplement in neonatal hyperbilirubinemia (15).

The studied variables were very limited. There were 
differences in the days of treatments and the doses of 
zinc sulfate in some studies. Additionally, some studies 
merely reported the overall alternations in the serum 
bilirubin level without specified comparisons between 
genders, age groups, and risk factors.

5. Conclusion 

Because of its excellent safety profile, zinc sulfate has 
been used more frequently in recent years to reduce se-
rum bilirubin levels in neonatal hyperbilirubinemia.
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