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Abstract
Background Neonatal hyperbilirubinemia is observed in most newborns, and 5–15% of neonates require phototherapy. 
Phototherapy is effective but often prolongs hospitalization and has both short-term and potential long-term harms. The 
aim of this systematic review and meta-analysis was to evaluate the role of ursodeoxycholic acid (UDCA) combined with 
phototherapy in neonatal hyperbilirubinemia.
Methods A literature search was conducted on September 1, 2021; 590 studies were screened, and 17 full texts were assessed 
by two authors. We included randomized controlled trials with or without placebo intervention. Primary outcomes were 
changes in total bilirubin levels at 24 hours and phototherapy duration. We calculated mean differences with 95% confidence 
intervals (CI).
Results Six studies with 880 neonates were included. Of these studies, only two used a placebo-controlled double-blinded 
design. The overall risk of bias was high in one and moderate in four of the included studies. The mean decrease in the total 
bilirubin level during the first 24 hours was 2.06 mg/dL (95% CI 0.82–3.30; six studies) greater in the UDCA treatment 
group. The phototherapy duration was 19.7 hours (95% CI 10.4–29.1; five studies) shorter in the UDCA treatment group.
Conclusions We found low-quality evidence that UDCA as an adjuvant to phototherapy seems to decrease total bilirubin 
faster and shorten phototherapy duration compared to standard treatment. Further studies are needed to confirm the effi-
cacy, acute and long-term outcomes, and safety before implementing UDCA as an adjuvant to phototherapy in neonatal 
hyperbilirubinemia.
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Introduction

Neonatal hyperbilirubinemia is a common finding, as 
approximately 50% of term neonates and 80% of preterm 
neonates develop hyperbilirubinemia. Approximately 10% 
of infants show increased levels of bilirubin up to 1 month 
of age [1, 2]. Between 5% and 15% of neonates require close 

monitoring and phototherapy, which is typically initiated at 
2–5 days postnatally [1, 3, 4]. The indication for photother-
apy is a rapidly rising or high serum total bilirubin level [5, 
6], and the aim is to prevent neurotoxicity caused by uncon-
jugated free bilirubin that crosses the blood-brain barrier.

Phototherapy was introduced 60 years ago [7], and it has 
remained the standard treatment for neonatal hyperbiliru-
binemia [8]. If bilirubin levels continue to rise despite pho-
totherapy, exchange transfusion might be needed to treat 
severe hyperbilirubinemia. The typical duration of photo-
therapy is between 12 and 48 hours [9]. Phototherapy is 
used widely, and in addition to prolonged hospitalization, 
short-term harms include erythematous rash, retinal damage, 
irritability, loose stools, dehydration, feeding difficulties and 
the “bronze-baby” syndrome [10, 11]. Recently, the poten-
tial long-term harms of neonatal phototherapy have been 
discussed, as phototherapy has been associated with slightly 
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increased rates of infant and childhood cancer [12, 13], the 
number of melanocyte nevi [14] and epileptic convulsions 
during childhood [15, 16].

Potential pharmacological therapies for unconjugated 
hyperbilirubinemia have gained interest, both to reduce 
lengths of hospital stays and to avoid more intensive thera-
pies and their harmful side effects, such as those seen with 
exchange transfusions. A few studies have evaluated whether 
ursodeoxycholic acid (UDCA) would be effective as an adju-
vant therapy [17–24]. UDCA is a bile acid, and it has been 
hypothesized to work by preventing the reabsorption of bili-
rubin from the intestines and thus occupying enterohepatic 
circulation [25, 26]. Although UDCA is an off-label treat-
ment in neonates, it is widely used in conjugated hyperbili-
rubinemia and liver disorders [27–29]. UDCA is generally 
well tolerated [27]. UDCA was reported to be effective in 
reducing the duration of phototherapy in healthy term neo-
nates [17–21], in sick neonates [23] and among neonates 
with G6PD deficiency [24]. One previous study found no 
additional value of combining UDCA with standard pho-
totherapy [22].

The aim of this systematic review and meta-analysis is to 
analyze the effect of UDCA as an adjuvant to phototherapy 
in neonates with unconjugated hyperbilirubinemia.

Methods

Search strategies

The databases searched in this systematic review were Pub-
Med (MEDLINE), the Cochrane Central Register of Con-
trolled Trials (CENTRAL), Web of Science and Scopus. The 
literature search was conducted on September 1, 2021. The 
following phrase was used in the search: (“ursodeoxycholic 
acid”) AND (neonat* OR newborn*) AND (jaundice* OR 
bilirubin* OR phototherap*). We used neither language nor 
time restrictions. The results were then uploaded to the Cov-
idence software (Covidence, Melbourne, Australia).

Inclusion and exclusion criteria

All randomized controlled trials with or without placebo 
and regardless of blinding were included. Reports had to 
focus on UDCA use on newborns, but those including 
sick neonates, conjugated hyperbilirubinemia or only glu-
cose-6-phosphate dehydrogenase deficiency (G6PD) were 
excluded. If newborns with more intensive hemolysis, such 
as Rh immunization or ABO incompatibility, were included 
in trials, randomization needed to be stratified to prevent 
imbalance between treatment groups. We had no exclusion 
criteria regarding prematurity or birthweight in our review.

Review process

Two authors (KI and KP) individually screened the abstracts, 
and conflicts were resolved by a third author (RM) or mutual 
consensus. Full texts were then assessed by two authors (KI, 
KP), and data were extracted using the Covidence 2.0 data 
extraction templates. The risk of bias was assessed according 
to the Cochrane tool for assessment by one author (KI), and 
a senior author (RM) was consulted if needed [30]. The risk 
of bias is reported in the Cochrane Risk of Bias 2.0 table, 
and it is presented by generating plots with the Robvis pack-
age [31]. Reporting quality was assessed using the Grading 
of Recommendations Assessment, Development and Evalu-
ation methodology [32]. Background information on studies 
and study populations are presented in tables. A flowchart of 
the study process is presented in Fig. 1.

Outcome measures

Our primary outcomes were changes in the total bilirubin 
level 24 hours after the initiation of phototherapy and photo-
therapy treatment duration. Secondary outcomes were return 
to hospital after discharge, harms of the treatment and cost-
effectiveness. A subgroup analysis of preterm neonates was 
planned to be conducted if information was available.

Fig. 1  PRISMA flowchart of the review process. PRISMA preferred 
reporting items for systematic reviews and meta-analyses
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Statistics

Review Manager version 5.4 (the Cochrane Collaboration, 
London, UK) was used for the meta-analysis. Data analyses 
were performed according to the Cochrane handbook of 
systematic review guidelines. We calculated mean differ-
ences for continuous outcomes, as all the included studies 
used the same continuous outcome measurements. Risk 
ratios would have been calculated for dichotomous out-
comes. Forest plots are presented for primary outcomes. 
The inconsistency index statistic I2 for heterogeneity was 
conducted, and if I2 > 50%, a random effect model was used. 
If heterogeneity was low (< 50%), the fixed effect model 
was chosen.

All the included studies reported a baseline level of bili-
rubin and post-intervention level in mg/dL and had stand-
ard deviations (SD) reported. However, only two studies 
reported the absolute mean change with SD. Therefore, 
we had to calculate the SD for change, as described in the 
Cochrane handbook, chapter 6.5.2.8 [33]. We decided to 
use the method in which one of the included studies is used 
for the calculation of the correlation coefficient. The cor-
relation coefficient describes how similar the baseline and 
post-intervention measurements were across participants. 
We selected the work of Shahramian et al. [19], as in that 
work, the correlation coefficients were above 0.5 in both the 
treatment and control groups. If the correlation coefficient 
is below 0.5, post-intervention measures can be presented 
and interpreted directly. As the coefficient was above 0.5, 
we used the measured change from the baseline in reporting. 
The following formula was used for the calculation of the 
correlation coefficient.

The mean of correlation coefficients, 0.73 (treatment 
group 0.83 and control group 0.63), calculated from Shah-
ramian et al. [19], was used in the following formula to cal-
culate the SD for mean change from baseline 24 hours after 
the initiation of phototherapy.

Protocol registration

This systematic review and meta-analysis has been reported 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses [34] (Supplementary Table 1). 
The protocol has been registered in Prospero. The regis-
tration number is CRD42021278172, and the protocol is 

CorrE =
SD2

E,baseline
+ SD2

E,baseline
− SD2

E,change

2 × SDE,baseline × SDE,final

SDE,change

=
√

SD2
E,baseline + SD2

E,final − (2 × Corr × SDE,baseline × SDE,final)

available from https:// www. crd. york. ac. uk/ prosp ero/ displ 
ay_ record. php? ID= CRD42 02127 8172.

Results

The initial search yielded 376 studies, of which 17 were 
further assessed in the full text phase. Six RCTs were found, 
and of these, two were excluded: in the study by Ughasoro 
et al., randomization was not stratified, and children with 
ABO immunizations and septic newborns were included 
[23]; Rezaie et al. included only neonates with G6PD defi-
ciency [24]. Four RCTs were included from the initial search 
[18, 20–22], and two additional RCTs were found from the 
references of included articles and included in the systematic 
review and meta-analysis [17, 19] (Fig. 1).

The six included studies had a total of 880 neonates. Five 
studies were conducted in Iran and one in Egypt. Four stud-
ies used UDCA 10 mg/kg divided into two daily doses, and 
two studies used 15 mg/kg divided into two daily doses. The 
inclusion and exclusion criteria in the selected studies were 
practically identical. Funding sources were not reported in 
four of the studies, and conflicts of interest were not reported 
by the authors in two studies (Table 1). Background charac-
teristics of the study populations in the included studies are 
reported in Table 2. Only one study reported the gestational 
age of the neonates, and one study did not report any back-
ground information.

Risk of bias

The risk of bias was assessed in five domains and overall. 
Overall, five of the studies had some concerns about the risk 
of bias assessment. One study had a high risk of bias due 
to randomization, and four of the studies did not report any 
adverse events between groups, leading to concern about 
bias in the selected reported results (Fig. 2).

Bilirubin level changes during the first 24 hours

The mean decrease of total bilirubin during the first 24 hours 
in the included six studies (880 neonates) ranged from 2.5 
to 11.1 mg/dL in the UDCA + phototherapy group and from 
1.9 to 7.7 mg/dL in the phototherapy group. The weighted 
mean difference in total bilirubin decrease in the random 
effect model was 2.06 mg/dL [95% confidence interval (CI) 
0.82–3.30], favoring the UDCA + phototherapy (Fig. 3). We 
ranked the quality of evidence as low (Table 3).

Phototherapy duration

Five studies (780 neonates) reported the overall duration 
of phototherapy. The duration range varied from 12.3 to 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021278172
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021278172
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65.2 hours in the UDCA + phototherapy group and from 
41.1 to 82.5 hours in the phototherapy group. The weighted 
mean difference in phototherapy duration in the random 

effect model was 19.7 hours (95% CI 10.4–29.1), favoring 
the UDCA + phototherapy group (Fig. 4). We ranked the 
overall quality of evidence as low (Table 3).

Table 2  Background characteristics of study populations in included studies

UDCA ursodeoxycholic acid, SD standard deviation, N/A not applicable

Study Birth weight (kg), mean 
(SD)

Gestational age 
(wk), mean (SD)

Gender (female), 
%

Age at the time of 
initiation of photo-
therapy (d), mean 
(SD)

Mean bilirubin level at the 
start of the phototherapy 
(mg/dL), mean (SD)

UDCA Control UDCA Control UDCA Control UDCA Control UDCA Control

Hassan et al. [17] 3.1 (0.4) 3.1 (0.4) N/A N/A 44 49 5.4 (1.4) 5.3 (1.5) 16.3 (1.7) 16.5 (2.9)
Honar et al. [18] 2.97 (0.29) 2.99 (0.31) N/A N/A 53 55 3.7 (1.0) 3.6 (1.0) 15.9 (1.7) 16.3 (1.5)
El-Gendy et al. [20] N/A N/A N/A N/A 40 48 4.9 (1.4) 4.9 (1.6) 16.5 (1.4) 16.4 (1.5)
Shahramian et al. [19] N/A N/A N/A N/A N/A N/A N/A N/A 15.79 (2.18) 16.89 (2.49)
Akefi et al. [22] N/A N/A N/A N/A 47 56 5.3 (2.9) 4.9 (2.1) 16.85 (2.4) 15.75 (2.6)
Gharehbaghi et al. [21] 2.96 (0.56) 3.19 (0.43) 38 39 N/A N/A 5.1 (2.5) 5.9 (2.5) 19.33 (2.51) 19.76 (2.64)

Fig. 2  Risk of bias summarized in Cochrane risk of bias two format

Fig. 3  Forest plot of mean bilirubin decrease (mg/dL) during the first 24  hours after the initiation of phototherapy. Random effect model 
reported as mean difference with 95% CIs. CI confidence intervals, UDCA ursodeoxycholic acid, SD standard deviation
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Possible side effects and adverse outcomes

Only one study discussed possible side effects and stated that these 
were not detected in either group. None of the studies underwent 
follow-up after discharge. The evidence regarding possible side 
effects and adverse outcomes was very low (Table 3).

Discussion

Six RCTs with 880 neonates demonstrated that neonates 
that received UDCA together with phototherapy was effec-
tive in reducing total serum bilirubin levels during the first 
24 hours. Five RCTs with 780 neonates showed that UDCA 
combined with phototherapy was effective and decreased 
the phototherapy duration by nearly 20 hours compared to 
standard phototherapy.

The decrease of the total bilirubin level during the first 
24 hours of treatment together with the 20-hour reduction 
in the total duration of phototherapy are potentially clini-
cally significant and beneficial results for patients. These 
reductions would most likely decrease the rates of acute 
[10, 11] and long-term harms and adverse effects related 
to phototherapy [12–16]. The shorter hospital stay could 
potentially decrease costs related to neonatal hyperbiliru-
binemia and enable the relocation of healthcare resources. 
Previous reports have stated that neonates requiring photo-
therapy have more problems with breastfeeding [35, 36]. It 
can be speculated that the shortened phototherapy and hos-
pital stays might help to improve breastfeeding rates. This 
could produce additional value for these neonates [37], but 
this issue was not evaluated in the original papers. There are 
no previous meta-analyses on this topic, and therefore, our 
results cannot be compared to previous reports.

The optimal dose of UDCA remains unsure, as two of 
the studies used 15 mg/kg daily dose and four studies used 
10 mg/kg daily dose. We did not perform any subgroup anal-
ysis based on the different doses as it was not preplanned. 
We observed that the studies with a higher dose [19, 21] 
showed similar results compared to the studies using smaller 
doses of UDCA. The optimal dose with the best benefit/
harm ratio remains to be determined as majority of the stud-
ies included in this meta-analysis did not report any adverse 
effects.

We had a few deviations from the original protocol. First, 
we were prepared to use standardized mean differences, 
as we hypothesized that the studies would not have used 
the same outcome measure scale. We did not include the 
use of mean difference in the protocol, but this is a minor 
deviation. Second, we wanted to analyze adverse outcomes 
(neonatal mortality and return rates to hospital), but none 
of the included studies reported these. Third, we wanted to 
perform a subgroup analysis on preterm neonates, but none Ta
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of the studies reported these data, and therefore, this was 
not possible.

The limitations of this review are largely those of the 
primary studies. As four of the studies were not placebo-
controlled [17–21] and one of these did not comment on the 
blinding at all [17], the results presented here are vulner-
able to bias. Furthermore, only one of the included stud-
ies reported adverse outcomes [22], and none of the studies 
reported rehospitalization rates. In addition, the population 
characteristics were reported incompletely, which limits the 
generalizability of the results. Two studies did not state the 
cutoff bilirubin level to stop phototherapy [20, 21]. All the 
included studies were conducted in relatively small geo-
graphical areas (Iran [17–19, 21, 22] and Egypt [20]). Due to 
genetic factors related to bilirubin metabolism, these results 
may not be valid in other populations. Furthermore, the 
included studies had some variation in the exclusion criteria, 
as two studies did not exclude G6PD patients and overall, the 
exclusion criteria were not as strict in these two studies [17, 
20]. All the studies excluded preterm neonates, which means 
that these results cannot be generalized to treatment of pre-
term neonates. UDCA is an off-label drug in newborns and 
children in Europe and North America. Thus, more studies 
on its pharmacokinetics and pharmacodynamics, including 
safety, are needed prior to its implementation into standard 
treatment of newborns at any indication. None of these stud-
ies provided any potential cost-effectiveness analyses. As 
all the studies excluded neonates with significant hemoly-
sis, we do not know if UDCA would prevent the need for 
transfusion, for example. The risk of bias was assessed to be 
moderate in four of the studies and high in one, and only one 
study had a low risk of bias. The study with the lowest risk 
of bias stated that UDCA would not bring additional value 
to standard phototherapy [22]. These concerns should be 
noted when interpreting the results of our systematic review.

In conclusion, we found low-quality evidence that UDCA 
is effective as an adjuvant treatment with phototherapy in 
neonatal hyperbilirubinemia. UDCA decreases the duration 
of phototherapy by nearly 20 hours, which is a clinically 
significant finding that would benefit patients and families. 

Mean bilirubin levels decreased more rapidly during the 
first 24 hours. Studies in different geographical locations 
with double-blinding and placebo-controlling are needed 
with pharmacological, cost-effectiveness and safety analy-
ses before the use of UDCA can be considered a potential 
option in the standard care of neonatal hyperbilirubinemia.
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