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Original Research Article

Introduction

Hyperbilirubinemia is one of the most prevalent health 
issues in neonates that in severe form is associated with 
the development of brain damage and results in disabil-
ity in affected neonates.1,2 Although serious complica-
tions of neonatal hyperbilirubinemia are less observed in 
recent years with appropriate therapeutic interventions, 
severe neonatal hyperbilirubinemia secondary to 
reduced glucose-6-phosphate dehydrogenase (G6PD) 
enzyme activity is still complicated by bilirubin-induced 
encephalopathy.3 There are no definite findings compat-
ible with hemolysis such as reticulocytosis or anemia in 
most cases of neonatal hyperbilirubinemia caused by 
G6PD deficiency. Hyperbilirubinemia in G6PD defi-
cient neonates is thought to be mainly due to reduced 
hepatic conjugation or excretion of bilirubin.4-6

Although phototherapy is the main treatment used 
for reducing bilirubin in neonates, using adjuvant ther-
apies which reduce hyperbilirubinemia and the dura-
tion of phototherapy can be effective. To date, several 
drugs such as D-penicillamine, activated charcoal, 
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Abstract
Glucose-6-phosphate dehydrogenase (G6PD) deficiency is one of the causes of severe hyperbilirubinemia, prolonged 
jaundice, and bilirubin-induced encephalopathy in neonates. In a randomized controlled trial, we evaluated the 
effect of oral ursodeoxycholic acid (UDCA) on indirect hyperbilirubinemia in G6PD-deficient neonates requiring 
phototherapy. Intervention group I (N = 45; received phototherapy and 10 mg/kg/day UDCA), Intervention group II 
(N = 40; received phototherapy and 20 mg/kg/day UDCA), and a control group (N = 49; received phototherapy and 
placebo). Levels of total serum bilirubin (TSB) in all 3 groups decreased significantly over time (P = .001) but the level 
of TSB at different hours after admission and the duration of phototherapy did not differ significantly between the 
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phenobarbital, clofibrate, metalloporphyrin, and bile 
salts have been used for the treatment of neonatal indi-
rect hyperbilirubinemia.7

Ursodeoxycholic acid (UDCA) is a bile acid used to 
treat cholestatic liver disease. UDCA has been reported 
to have anti-apoptotic activity and protect the liver 
against oxidative stress. It also reduces enteral absorp-
tion of bilirubin and increases bile flow and excretion of 
bilirubin from stool.8

Efficacy and safety of UDCA have been already con-
firmed in adults.9,10 In addition, it has been used in chil-
dren with liver cholestasis and the post-operative 
management of infants with biliary atresia without 
recording side effects.11,12 There are fewer studies on 
the use of UDCA in the neonatal period, but its role in 
the treatment of neonatal cholestasis has been con-
firmed.13 An in-vitro study mimicking severe neonatal 
hyperbilirubinemia also showed that UDCA had a pre-
ventive effect on the disruption of the blood-brain bar-
rier by unconjugated bilirubin.14 In recent years, several 
clinical trials have been carried out to investigate the 
effect of UDCA on neonatal indirect hyperbilirubine-
mia. These studies showed that UDCA is an adjuvant 
drug to phototherapy that reduces the bilirubin level 
and shortens the duration of phototherapy.7,9,12 Some 
studies have previously evaluated the effect of different 
doses of UDCA on neonatal hyperbilirubinemia, how-
ever, information on the exact dose of the drug for the 
treatment of neonatal jaundice is scarce.9,15 In addition, 
most of these studies have been performed on neonates 
without risk factors for jaundice. G6PD deficiency as a 
cause of severe hyperbilirubinemia is highly prevalent 
in the Middle East.16

Iran is among the countries with a high prevalence 
of G6PD deficiency and has the highest prevalence  
in the northern and southern provinces of Iran.17 
Alteration in the oxidant-antioxidant profile is also 
known to occur in neonatal jaundice and antioxidant 
mechanisms may become insufficient in cases of glu-
cose 6-phosphate dehydrogenase (G6PD) deficiency,18 
and the UDCA may protect the liver against oxidative 
stress.

Therefore, this study aims to evaluate the effect of 2 
different doses of UDCA on total serum bilirubin levels 
in neonates with G6PD deficiency complicated by indi-
rect hyperbilirubinemia in northern Iran.

Methods

Study Design

This study was carried out as a single-center blinded 
randomized controlled clinical trial.

Study Setting and Duration

This study was conducted in the neonatal ward of Boo-
Ali Sina hospital in Sari in northern Iran from September 
2019 to March 2022.

Participants

Two to fourteen-day-old neonates with significant clini-
cal icterus and unconjugated hyperbilirubinemia who 
required phototherapy according to the standard curve19 
and had G6PD deficiency in the initial evaluation.

Inclusion Criteria

Full-term neonates, birth weight 2500 to 4000 g, exclu-
sive breastfeeding, age over 48 hours, and direct biliru-
bin <1.5 mg/dl

Exclusion Criteria

Septicemia, direct hyperbilirubinemia, ABO or Rh 
incompatibility, major congenital anomalies, need for 
exchange transfusion at the time of hospitalization, 
previous use of any drug such as phenobarbital or 
herbal medicine, history of previous phototherapy or 
exchange transfusion, significant evidence of hemoly-
sis such as reticulocyte count ≥5%, spherocytosis or 
elliptocytosis in peripheral blood smear and infants of 
diabetic mothers.

This clinical trial was conducted with a parallel 
design. Neonates were randomly assigned into 3 groups 
by permuted block randomization (block size 4 which 
guaranteed allocation concealment). Randomization 
was done by an online random number generator in a 
sealed envelope.

The neonates in the intervention group I received 
both phototherapy and 10 mg/kg/day oral UDCA.

The neonates in intervention group II received both 
phototherapy and 20 mg/kg/day oral UDCA.

The neonates in the control group received both pho-
totherapy and the placebo (including an equal volume of 
sterile water).

In this study, UDCA 300 mg capsule (KoushanPharmed 
Company, Tehran, Iran) was used and 300 mg of the drug 
was dissolved in 60 cc sterile water (Shahid Ghazi phar-
maceutical company, Tabriz, Iran) then estimated drug 
was used for babies as cc/kg as a single daily dose till 
discharge. Both control and intervention groups received 
continuous phototherapy using daylight fluorescent lamps 
(Tosan Company, Tehran, Iran) in an Air Shields unit. The 
phototherapy unit was located 30 to 35 cm from the neo-
nates and the neonates’ eyes and genitalia were covered. 
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The lamps were changed after 1500 hours concerning the 
manufacturer’s instruction.

The duration of phototherapy was measured by the 
timer of the phototherapy unit. Bilirubin levels were 
measured by the Diazo method. The sample size based 
on the previous study7 for the mean level of total serum 
bilirubin (our main outcome) and considering α = .05, 
β = .2, and d = 0.95 was estimated to be 49 for each group.

Analysis of the data was performed by SPSS24 using 
2 independent samples Fisher’s exact test and repeated 
measure ANOVA (which was used to compare the mean 
of total serum bilirubin level). Bonferroni test was used 
for the pairwise comparison of bilirubin levels at different 
hours and the time required for phototherapy and post-
discharge readmission. The significance level was con-
sidered less than .05.

Blinding

In this study, parents and outcome assessors (the 
attending neonatologist and the resident of the team) 
were both blind to the type of medication given to 
babies in each group. The drug was prepared and used 
as an open-labeled by a nurse who was not blind. Upon 
admission, blood samples were taken from all neonates 
for measurement of TSB (including direct and indirect 
bilirubin), CBC, PBS as well as other routine labora-
tory data. G6PD deficiency was detected by rapid fluo-
rescent spot testing and quantitative spectrometry. 
Laboratory data were prepared in less than 2 hours, and 
when the baby was diagnosed with G6PD deficiency, 
parents were asked to give informed consent. Then, the 
characteristics of each neonate were recorded in a 
questionnaire.

TSB levels were assessed 12 hours after admission 
and then every 24 hours until discharge. Babies were dis-
charged when the TSB was less than 10 mg/dl under simple 
conventional phototherapy. If any side effects were obser
ved, they would be documented. We followed all patients 
up to 28 days of age in our outpatient follow-up clinic and 
recorded cases requiring readmission due to hyperbilirubi-
nemia according to phototherapy guidelines.19

Endpoints

The primary outcome in this study is the mean TSB lev-
els at 12, 24, 48, and 72 hours after admission. The sec-
ondary outcome includes the percentage reduction in 
TSB 24 hours after admission, the duration of photo-
therapy, the duration of hospitalization, the need for 
exchange transfusion, and the need for readmission due 
to hyperbilirubinemia after discharge. If the discharge 
of the baby was delayed after the recovery of jaundice 
due to other complications, the baby was excluded from 

the study. The follow-up period was the end of the neo-
natal period (28 days).

Ethical Consideration

This study was approved by the ethics committee and 
Institutional Review Board of Mazandaran University 
of Medical Sciences (reference: IR.MAZUMS.
REC.1398.222). All parents of neonates completed a 
written informed consent form.

Results

In this study, 134 newborns were enrolled and randomly 
assigned into 3 groups and analyzed. The flow chart of 
patients’ recruitment is shown in Figure 1.

The baseline characteristics for each of the 3 groups 
are shown in Table 1. As shown in Table 1, the baseline 
variables are equal among the 3 groups and had no sig-
nificant differences.

Table 2 shows the TSB levels 12, 24, 48, and 72 hours 
after admission. The results revealed that bilirubin lev-
els in all 3 groups decreased significantly (P = .001) over 
time (Figure 2) but based on univariate analysis of vari-
ance, no significant difference was observed between 
the 3 groups for TSB levels in 12, 24, 48, and 72 hours 
after admission (Table 2).

In addition, the percentage of decrease in total serum 
bilirubin level 24 hours after admission compared to 
baseline bilirubin showed no significant difference 
between the 3 groups [Group I: 34.51 ± 12.99, Group II: 
34.87 ± 14.93, Group III: 32.53 ± 15.14 (P = .70)].

No significant differences were found between the 3 
groups in the total time required for phototherapy, hospi-
talization days, and the need for exchange transfusion 
(Table 3).

As Table 3 shows, in the follow-up of neonates, it 
was observed that readmission after discharge was sig-
nificantly different between the 3 groups and had a 
higher rate in the control group. Results of the Bonferroni 
test showed no significant difference between the 10 and 
20 mg/kg/day groups in this regard.

No side effects were observed in the 3 study groups.

Discussion

This study investigated the effect of 2 different doses of 
UDCA in G6PD deficient neonates with indirect hyper-
bilirubinemia who required admission and photother-
apy. To the best of our knowledge, the present study is 
the second study of its kind in the world that has been 
conducted in Iran, a region with a high prevalence of 
G6PD deficiency. Results showed that although UDCA 
did not affect TSB levels during hospitalization, it 
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significantly reduced post-discharge readmission. No 
significant difference was found between the 2 different 
doses of UDCA in terms of reduced readmission.

The association between severe neonatal indirect 
hyperbilirubinemia and G6PD deficiency has already 
been proven.3 Because high levels of bilirubin may be 
toxic to the developing brain of newborn infants, reducing 
unconjugated bilirubin in neonates receiving photother-
apy with medication is an interesting approach to treating 
neonatal hyperbilirubinemia. In this regard, UDCA is 
promising in both in vitro and in vivo research.20 A study 
evaluated the efficacy of treatment of unconjugated 
hyperbilirubinemia with oral bile salts in Gun rats and 
the results supported the feasibility of oral bile salt ther-
apy in neonates with unconjugated hyperbilirubinemia by 

stimulating unconjugated bilirubin turnover and its fecal 
excretion.21 A recent study showed that therapeutic bile 
acids effectively reduce plasma and brain bilirubin and 
highlight their potential in the treatment of neonatal 
hyperbilirubinemia.22

Some previous studies have reported the effect of 
UDCA on the reduction of unconjugated bilirubin in neo-
natal hyperbilirubinemia.7,12,23,24 Honar et  al7 reported 
that the addition of UDCA to phototherapy had a positive 
effect on indirect neonatal hyperbilirubinemia and could 
reduce the hours required for phototherapy and hospital-
ization, and similar results have been reported in 2 other 
studies.12,25 Most of these previous studies were carried 
out on neonates with indirect hyperbilirubinemia without 
other underlying diseases or risk factors such as G6PD 

Neonates who were eligible for study
(N= 147)

Randomized (N=134)

Excluded (N=13) 
*Meeting exclusion 
criteria [N=10] 

(3 for previous 
exchange transfusion, 7 
due to ABO 
incompatibility) 
*Declined to participate 
[N=3]

Allocate to intervention I

10mg/kg UDCA+ phototherapy

(N=45)

Loss to follow up (N=0)

Discontinued intervention 
(N=0)

Analyzed (N=45)

Follow up

Analysis

Allocate to intervention III

Placebo+ phototherapy

(N=49)

Allocate to intervention II

20mg/kg UDCA+ phototherapy

(N=40)

Loss to follow up (N=0)

Discontinued intervention 
(N=0)

Loss to follow up (N=0)

Discontinued intervention 
(N=0)

Analyzed (N=40) Analyzed (N=49)

Figure 1.  Diagram showing the flow of participants through the trial.
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deficiency. On the other hand, Akefi et  al26 in a study 
similar to ours showed that UDCA did not reduce the 
duration of phototherapy and the length of hospital stay 
of neonates with hyperbilirubinemia. They concluded 
that although the combination of UDCA with photother-
apy may enhance serum total bilirubin reduction, this 
effect is not clinically applicable.

A recent study, contrary to our study, showed that 
adding 10 mg/kg UDCA to phototherapy in infants with 

G6PD deficiency could significantly reduce serum bili-
rubin levels and reduce phototherapy time and hospital 
stay. However, the limitations of this study were the 
small sample size, and the authors recommended further 
studies with large sample sizes and different doses of 
UDCA.27 To the best of our knowledge, our study is the 
second one that exclusively investigated the effect of 
UDCA on the reduction of bilirubin in neonates with 
unconjugated hyperbilirubinemia who at the same time 
were G6PD deficient. Our study was performed on a 
larger sample size and we also evaluated 2 different 
doses. Unlike the first study, our study did not show a 
significant decrease in total serum bilirubin level com-
pared to the control group and no change was observed 
on hospitalization days.

Iran is one of the countries with a high prevalence of 
G6PD deficiency.16 Newborns with G6PD deficiency 
are at risk for hyperbilirubinemia and sequelae such as 
kernicterus. The overall prevalence of G6PD deficiency 
in Iranian newborns with jaundice is reported to be 
7%.28 Our results showed that although UDCA can be 
effective in reducing unconjugated hyperbilirubinemia, 
it may not be very useful for neonates with risk factors 
such as G6PD deficiency. One possible cause could be 
the jaundice mechanism in G6PD enzyme-deficient 
newborns. In most cases of neonatal hyperbilirubinemia 

Table 1.  The Baseline Characteristics for each of the 3 Groups.

Variables
Intervention group I 

(N = 45)
Intervention group II 

(N = 40)
Control group 

(N = 49) P-value

Sex (Male) 38 (84.4) 34 (85) 40 (81.6) .89
n (%)
Age (day) 4.29 ± 2.74 3.80 ± 2.24 4 ± 2.93 .69
Mean ± SD
Weight (g) 3180 ± 398 3082 ± 419 3177 ± 422 .46
Mean ± SD
Admission bilirubin (mg/dl) 16.80 ± 3.33 15.35 ± 2.75 16.08 ± 4.24 .17
Mean ± SD
Admission hemoglobin (g/dl) 15.73 ± 1.91 16.19 ± 2.72 15.09 ± 2.11 .07
Mean ± SD
Reticulocyte count (%) 2.56 ± 2.03 3 ± 2.06 3.07 ± 1.85 .16
Mean ± SD

Table 2.  Total Serum Bilirubin Levels in Different Hours After Admission Among 3 Groups.

TSB (mg/dl)

Intervention group I Intervention group II Control group P-valueTime

12 h after admission 13.62 ± 2.75 12.60 ± 3.10 13.64 ± 3.35 .21
24 h after admission 10.68 ± 1.95 10.02 ± 2.32 10.62 ± 2.55 .35
48 h after admission 9.10 ± 1.74 8.70 ± 1.60 9.20 ± 2.22 .43
72 h after admission 8.56 ± 1.44 7.99 ± 1.23 8.71 ± 2.44 .15

Figure 2.  Time trend of total serum bilirubin changes 
among 3 groups.



6	 Global Pediatric Health

due to G6PD deficiency, there are no findings consistent 
with hemolysis. Decreased bilirubin conjugation and 
decreased bilirubin glucuronidation in liver cells have 
been suspected as contributing factors.4-6 However, the 
main function of UDCA is to increase intestinal excre-
tion and fecal disposal of bilirubin.27

The results of the present study showed that the need 
for exchange transfusion did not change between the 3 
groups. No previous studies on this subject have been 
assessed and studies with larger sample sizes are neces-
sary to evaluate this clinical outcome.

Interestingly, in our study, the need for readmission 
for jaundice decreased, but no difference was observed 
between the 2 doses. In the latest 2022 neonatal jaundice 
management guideline, G6PD deficiency is introduced 
as one of the most common risk factors for prolonged 
jaundice and readmission in neonates with hyperbiliru-
binemia, especially in areas where G6PD deficiency is 
common.29,30 Therefore, the results obtained in our study 
can show the useful role of UDCA in reducing readmis-
sion. However, this requires knowledge of the half-life 
and pharmacokinetics of UDCA. The elimination half-
life of UDCA in adults is approximately 3 to 6 days, and 
steady-state concentrations are usually reached within 
3 weeks of starting treatment.31 UDCA pharmacokinetic 
studies in the neonatal population are often limited, so 
the dose and half-life of the drug are based on evidence 
from adult studies.32

None of the patients experienced any complications 
during our study. Previous studies have confirmed 
UDCA tolerance and safety in neonates.26,27

Since most limited previous studies have examined 
the efficacy of UDCA on neonatal jaundice by eliminat-
ing risk factors such as G6PD deficiency or ABO incom-
patibility, the use of UDCA in neonates with clinical risk 
factors appears to require more extensive research. 
Because it may only be effective if there is no risk factor 
for jaundice.

One of the strengths of this study is a relatively large 
sample size and we included 134 neonates in the study. 
In addition, we examined 2 different doses in neonates 
with hyperbilirubinemia and G6PD deficiency.

Limitations

Our study has some limitations: At first, due to the lack 
of facilities, we could not study the pharmacokinetics of 
UDCA. Second, we conducted the study in a single cen-
ter. Therefore, for better conclusions, it is recommended 
to conduct a study on neonates of different gestational 
ages with larger sample sizes.

Conclusion

A lower or higher dose of UDCA in combination with 
phototherapy in neonates with risk factors such as G6PD 
deficiency cannot reduce serum total bilirubin and the 
duration of phototherapy or hospital stay but it reduces 
the rate of readmission. Therefore, further studies to 
evaluate the half-life and pharmacokinetics of UDCA in 
these patients are necessary.
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