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Objectives The uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1)*28 allele in
HIV-positive patients receiving atazanavir (ATV) might be associated with the risk of hy-
perbilirubinemia. Owing to mixed and inconclusive results, a meta-analysis was conducted
to systematically summarize and clarify this association.
Methods Based on a comprehensive search of PubMed, Embase and Web of Science
databases, studies investigating the association between UGT1A1 alleles and hyperbiliru-
binemia was retrieved. We evaluated the strength of this relationship using odds ratios (ORs)
with 95% confidence intervals (CIs). Sensitivity analysis was performed by removing each
study one at a time and calculating the pooled ORs of the remaining studies to test the
robustness of the meta-analysis results. The Q statistic and the I2 index statistic were used
to assess heterogeneity. Publication bias was evaluated using Orwin’s fail-safe N test.
Results A total of six individual studies were included in this meta-analysis. A significantly
increased risk of hyperbilirubinemia was observed in HIV-positive patients receiving ATV
with the UGT1A1*1/*28 or UGT1A1*28/*28 genotype, and the risk was higher with the
UGT1A1*28/*28 genotype than with the UGT1A1*1/*28 genotype. (UGT1A1*28/*28 versus
UGT1A1*1/*28: OR = 3.69, 95%CI = 1.82–7.49; UGT1A1*1/*28 versus UGT1A1*1/*1: OR
= 3.50, 95%CI = 1.35–9.08; UGT1A1*28/*28 versus UGT1A1*1/*1: OR = 10.07, 95%CI =
4.39–23.10). All of the pooled ORs were not significantly affected by the remaining studies
and different modeling methods, indicating robust results.
Conclusions This meta-analysis suggests that the UGT1A1*28 allele represents a biomarker
for an increased risk of hyperbilirubinemia in HIV-positive patients receiving ATV.

Introduction
Atazanavir (ATV) is currently one of the most widely used protease inhibitors in the treatment of HIV in-
fection. It displays several advantages over other protease inhibitors, such as a favorable lipid profile, once
daily dosing, low capsule burden, and a relatively distinct resistance profile [1]. The most frequent adverse
effect associated with ATV use is an elevation of bilirubin. ATV causes hyperbilirubinemia due to inhibi-
tion of the enzyme uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1), which is involved in the
bilirubin conjugation [2]. The risk of hyperbilirubinemia is dependent on ATV plasma concentrations as
well as genetic factors influencing UGT1A1 function [3,4].

UGT1A1 is involved in the glucuronidation of several commonly used drugs, including gemfibrozil,
ezetimibe, simvastatin, atorvastatin, cerivastatin, ethinylestradiol, buprenorphine, ibuprofen and keto-
profen [5–14]. An outstanding example is the glucuronidation and disposition to the side effects of the
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anticancer drug irinotecan [15–17]. Regarding the pharmacogenetics of Gilbert’s syndrome and drug side effects,
there are two examples with mechanisms that are likely to influence the future administration of drugs, and potentially
the drug-licensing process as well: irinotecan, the SN-38 metabolite of which is a UGT substrate, and ATV, which is
not a substrate for glucuronidation, but nevertheless conveys a significant risk of unwanted jaundice by means of
UGT inhibition [18].

There is some clinical controversy over the relevance of ATV-associated hyperbilirubinemia; it is benign and re-
versible upon discontinuation of the drug. Thus, some believe a proactive test in an attempt to predict and prevent
its occurrence may not be warranted because they consider this adverse effect is not clinically relevant [19], whereas
others maintain that this effect can be distressing and stigmatizing to patients and lead to increased discontinuation
rates, so a preemptive screening test would be useful [20]. Up to now, there is no meta-analysis investigating this
association. Therefore, we performed a meta-analysis to evaluate the association between the UGT1A1*28 allele and
the associated hyperbilirubinemia risk.

Methods
Identification of eligible studies
Two independent investigators (P.D. and A.W.) carried out a systematic search in PubMed, Embase and Web of Sci-
ences databases, with the last search update on 20 February 2019. The following search terms were used: (‘UGT1A1’
OR ‘UGT1A1*28’) AND ‘ATV’ AND (‘unconjugated hyperbilirubinemia’ OR ‘hyperbilirubinemia’), without any lim-
itation applied. The reference lists of retrieved studies and recent reviews were also manually searched for further
relevant studies.

Inclusion and exclusion criteria
Hyperbilirubinemia refers to the accumulation of bilirubin in the blood causing jaundice. The clinical manifesta-
tions of jaundice are the skin, sclera and mucous membranes appear yellow. Studies in this meta-analysis must meet
the following inclusion criteria: (i) evaluation of the association between UGT1A1*28 and hyperbilirubinemia; (ii)
case–control study or cohort study; (iii) studies focusing on humans; and (iv) detailed genotype data in HIV-positive
patients. Exclusion criteria: (i) duplication of previous publications; (ii) comment, review and editorial; and (iii) study
with no detailed genotype data. Study selection was achieved by two investigators independently according to the in-
clusion and exclusion criteria by screening the title, abstract and full text. Any dispute was solved by discussion.

Data extraction and quality assessment
The data of the eligible studies were extracted in duplicate by two investigators independently (P.D. and X.L.). The
following contents were collected: PMID, first author name, year of publication, country of origin, the characteristics
of cases and controls, ethnicity, total bilirubin levels, sample size, Hardy–Weinberg equilibrium, number of cases and
controls, study type and Newcastle–Ottawa Scale (NOS). The two authors checked the extracted data and reached
a consensus on all data. If a dissent existed, they would recheck the original data of the included studies and have
a discussion to reach a consensus. The authors used a quality score, ranging from 0 to 9, with higher scores associ-
ated with better study quality. Two investigators scored the studies independently and solved disagreements through
discussion using the NOS Scoring system [21].

Statistics analysis
Our analysis was conducted using the Review Manager Software 5.3 (Cochrane Collaboration, Oxford, U.K.). A
chi-square-based Q test was used to measure heterogeneity between studies. In addition, an I2 statistic was calcu-
lated to quantitate the proportion of the total variation across studies due to heterogeneity [22]. Fixed-effects and
random-effects models were selected to analyze the data. Random-effects models were used only when there was a
considerable heterogeneity (P<0.1 or I2 > 50%) among the studies. The overall effects were calculated by a combined
Z value, with P<0.05 indicating statistical significance.

Odds ratios (OR) and 95% confidence intervals (95%CI) were calculated to evaluate the strength of the asso-
ciation between the UGT1A1*28 allele and its susceptibility to hyperbilirubinemia. The UGT1A1*28 allele con-
tained UGT1A1 *1/*28 and *28/*28, and the common genotype was UGT1A1*1/*1. For the present study, we
used the following group: (i) UGT1A1*28/*28 versus UGT1A1*1/*28; (ii) UGT1A1*1/*28 versus UGT1A1*1/*1;
(iii) UGT1A1*28/*28 versus UGT1A1*1/*1; (iv) UGT1A1*28/*28 versus UGT1A1(*1/*28 + *1/*1); and (v)
UGT1A1(*1/*28 + *28/*28) versus UGT1A1*1/*1.
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Figure 1. Flow chart for study identification, inclusion, and exclusion criteria

Sensitivity analysis and publication bias
Sensitivity analysis was conducted by the removal of each study, one at a time, understanding the effect of exclusion of
respective studies by calculating the pooled ORs of the remaining studies. Heterogeneity was measured using I2 values.
If I2 > 50% or P<0.1, we considered the study to have a great degree of heterogeneity and used a random-effects
model. Otherwise, a fixed-effects model would be more appropriate.

In addition, the fail-safe number, with significance set at 0.05 (Nfs0.05) for each meta-analysis, was applied to assess
the publication bias. As a rule of thumb, if the Nfs0.05 was higher, the authors of the meta-analysis could be more
comfortable assuming that the sample of studies was not likely to be overwhelmed by a future influx of studies with
no significant relationship [23]. Nfs0.05 was calculated according to the formula:

Nfs0.05 = (SZ/1.64)2 − k (1)

where k represents the number of included studies, Z represents the Z value of the independent study, and SZ is the
sum of Z values [24].

Results
Characteristics of studies
A total of 102 studies were acquired from PubMed and Embase databases (PubMed: 37, Embase: 35, Web of Science:
30). Eighty-eight articles were excluded, of which 43 were duplicate articles and 45 had no relation to this topic. The
remaining 14 studies were full-text reviewed, and 8 studies were excluded. Among these excluded studies were one
having no relation to hyperbilirubinemia [25,26], one letter [27], one short communication [28], one case report
[29], one systematic review [30], and two studies with no detailed genotype data [4,31]. The literature selection pro-
cess is shown in Figure 1. Finally, six eligible studies [20,32–36] that met the inclusion criteria were included in our
meta-analysis. The characteristics of each study are shown in Supplementary Material S1.

UGT1A1*28/*28 versus UGT1A1*1/*28
Relevant data for the comparison of the risk of hyperbilirubinemia between HIV-positive patients with a
UGT1A1*28/*28 genotype and those with a UGT1A1*1/*28 genotype was available in four of the included tri-
als [33–36]. Pooled data from all studies showed that the risk of toxicity was higher among patients with a
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Table 1 Sensitivity analysis of association between UGT1A1 alleles and hyperbilirubinemia

UGT1A1*28/*28 versus
UGT1A1*1/*28

UGT1A1*1/*28 versus
UGT1A1*1/*1

UGT1A1*28/*28 versus
UGT1A1*1/*1

UGT1A1*28/*28 versus
UGT1A1(*1/*28 + *1/*1)

UGT1A1 (*1/*28 + *28/*28)
versus UGT1A1*1/*1

Study
exclusion P-value

Study
exclusion P-value

Study
exclusion P-value

Study
exclusion P-value

Study
exclusion P-value

22661571 0.0003 22661571 0.01 22661571 <0.00001 22661571 <0.00001 22661571 <0.00001

17058217 0.002 17058217 <0.00001 17058217 0.0002 17058217 <0.0001 17058217 <0.00001

20504240 0.0005 20504240 0.002 20504240 <0.00001 21288825 <0.00001 20504240 <0.00001

23148286 0.0004 23148286 0.0001 23148286 <0.00001 20504240 <0.00001 23148286 <0.00001

23148286 <0.00001 16170755 <0.00001

UGT1A1*28/*28 genotype than among those with a UGT1A1*1/*28 genotype (OR = 3.69, 95%CI = 1.82–7.49;
P=0.0003). Heterogeneity was not statistically significant across all studies (I2 = 27%, P=0.25) (Figure 2A).

UGT1A1*1/*28 versus UGT1A1*1/*1
A random-effects model was used due to the heterogeneity of I2 > 50%. Four included trials compared the risk of
hyperbilirubinemia between HIV-positive patients with a UGT1A1*1/*28 genotype and those with a wild-type allele
[33–36]. A high level of heterogeneity was detected among these trials (I2 = 61%, P=0.05). Overall analyses suggested
an increased risk of hyperbilirubinemia in HIV-positive patients with a UGT1A1*1/*28 genotype as compared with
those with a wild-type allele (OR = 3.50, 95%CI = 1.35–9.08; P=0.01) (Figure 2B).

UGT1A1*28/*28 versus UGT1A1*1/*1
Four included trials compared the risk of unconjugated hyperbilirubinemia between HIV-positive patients with a
UGT1A1*28/*28 genotype and those with a wild-type genotype [33–36]. Overall analyses suggested an increased
risk of hyperbilirubinemia in HIV-positive patients with a UGT1A1*28/*28 genotype as compared with those with a
wild-type genotype (OR = 10.07, 95%CI = 4.39–23.10; P<0.00001). No statistical heterogeneity was detected across
all studies (I2 = 0, P=0.55) (Figure 2C).

UGT1A1*28/*28 versus UGT1A1(*1/*28 + *1/*1)
Five included trials compared the risk of hyperbilirubinemia between HIV-positive patients with a UGT1A1*28/*28
genotype and those with a UGT1A1*1/*28 or UGT1A1*1/*1 genotype [20,33–36]. Overall, analyses suggested an
increased risk of hyperbilirubinemia in HIV-positive patients with a UGT1A1*28/*28 genotype as compared with
those with a UGT1A1*1/*28 or UGT1A1*1/*1 genotype (OR = 5.91, 95%CI = 3.30–10.58; P<0.00001). No statistical
heterogeneity was detected across all studies (I2 = 0, P=0.46) (Figure 2D).

UGT1A1(*1/*28 + *28/*28) versus UGT1A1*1/*1
Five included trials compared the risk of hyperbilirubinemia between HIV-positive patients with a UGT1A1*28 allele
and those with a wild-type allele [32–36]. Four trials included patients with the UGT1A1*28 allele and wild-type allele
that received ATV, and one trial compared receiving ATV with not receiving ATV among patients with a UGT1A1*28
allele and a wild-type allele. Four analyses suggested an increased risk of hyperbilirubinemia in HIV-positive pa-
tients with the UGT1A1*28 allele as compared with those with a wild-type allele (OR = 4.34, 95%CI = 2.55–7.39;
P<0.00001). Moderate heterogeneity was detected across all studies (I2 = 40%, P=0.17); and five analyses combined
subgroup also suggested an increased risk of hyperbilirubinemia in HIV-positive patients with UGT1A1*28 allele as
compared with those with a wild-type allele (OR = 4.89, 95%CI = 2.94–8.14; P<0.00001). Large heterogeneity was
detected across all studies (I2 = 54%, P=0.07) (Figure 2E).

Sensitivity and publication bias
All of the pooled ORs were not significantly affected by the remaining studies and different modeling methods,
indicating robust results (Table 1). Moreover, the statistical outcomes of Orwin’s fail-safe N test are as follows: (1)
UGT1A1*28/*28 versus UGT1A1*1/*28: Nfs0.05 = 2.50; (2) UGT1A1*1/*28 versus UGT1A1*1/*1: Nfs0.05 = 11.97;
(3) UGT1A1*28/*28 versus UGT1A1*1/*1: Nfs0.05 = 23.94; (4) UGT1A1 (*1/*28 + *28/*28) versus UGT1A1*1/*1:
Nfs0.05 = 48.03; and (v) UGT1A1*28/*28 versus UGT1A1 (*1/*28 + *1/*1): Nfs0.05 = 31.09. Based on these compre-
hensive quantitative evaluations, we concluded that no obvious publication bias existed in the assessed research.
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Figure 2. Forest plots demonstrating the association between UGT1A1 allele and hyperbilirubinemia

(A) UGT1A1*28/*28 versus UGT1A1*1/*28; (B) UGT1A1*1/*28 versus UGT1A1*1/*1; (C) UGT1A1*28/*28 versus UGT1A1*1/*1; (D)

UGT1A1*28/*28 versus UGT1A1( *1/*28 + *1/*1 ); and (E) UGT1A1(*1/*28 + *28/*28) versus UGT1A1*1/*1.
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Discussion
To the best of our knowledge, this is the first meta-analysis examining the effect of UGT1A1*28 polymorphism on the
risk of hyperbilirubinemia in HIV-positive patients receiving ATV. The unconjugated bilirubin level was calculated
by subtracting the conjugated bilirubin level from the total bilirubin level. Hyperbilirubinemia severity was classified
on the basis of the AIDS Clinical Trial Group guidelines [37] for total bilirubin levels as follows: grade 1 (mild), 23–32
μM (1.3–1.9 mg/dl); grade 2 (moderate), 33–53 μM (1.9–3.1 mg/dl); grade 3 (severe), 54–105 μM (3.1–6.1 mg/dl);
and grade 4 (serious), >105μM (>6.1 mg/dl). This article refers specifically to severe and serious hyperbilirubinemia
which was defined as grades 3 and 4 hyperbilirubinemia, respectively. Rotger et al. [32] provided the analysis that ATV
increased bilirubin levels by 0.87 mg/dl, and indinavir increased bilirubin levels by 0.46 mg/dl. Ritonavir, lopinavir,
saquinavir and nelfinavir had no or minimal effect on bilirubin levels. Ferraris et al. [34] provided the analysis that
ritonavir removal was associated with a significant decrease in total bilirubin levels from 4.09 mg/dl (IQR: 3.14–5.73
mg/dl) to 1.82 mg/dl (IQR: 1.53–2.33 mg/dl) (P=0.001) in the remaining 24 patients in the switch arm, 12 months
after therapy simplification, leading to a significant reduction in the number of patients presenting ≥ grade 3 hyper-
bilirubinemia. That means the combination of ritonavir and ATV increased the plasma concentration of ATV, which
resulted in a higher bilirubin level than ATV alone. Bioequivalence between cobicistat and ritonavir as a pharmacoen-
hancer of ATV was established. Cobicistat shows increased advantages over ritonavir, such as no activity against HIV,
fewer drug–drug interactions and better solubility, which promotes coformulation strategies with less pill burden,
better tolerability, and, potentially, higher life-long treatment adherence [38]. Lankisch et al. [36] clarified that ATV
therapy did not lead to hepatic toxicity indicated by aminotransferase elevations but rather resulted in a significantly
higher rate of hyperbilirubinemia. The primary finding of the present study is that HIV-positive patients carrying
UGT1A1*28 allele(s) including UGT1A1*1/*28 and UGT1A1*28/*28 are at an increased risk of hyperbilirubinemia
than those carrying the UGT1A1*1/*1 allele. A secondary finding is that the UGT1A1*28/*28 allele has an increased
risk compared with UGT1A1*1/*28 in HIV-positive patients receiving ATV.

It is important to note that four additional important articles were not included in this meta-analysis (one letter,
one short communication and two articles). The letter [25] and the short communication [26] were excluded because
both studies were published as abstracts and the data were not presented in detail, but these conclusions confirmed
a direct correlation between ATV plasma level and bilirubinemia that was influenced by the presence of a homozy-
gosis or heterozygosis UGT1A1-TA7 (seven thymine–adenine) allele, and also confirmed our results that there was a
significant association between UGT1A1*28 allele(s) and hyperbilirubinemia. Two articles [29,30] provided incom-
plete data concerning the association between UGT1A1*28 mutation and incidence of hyperbilirubinemia. However,
taking these results into consideration will not change the result of our meta-analysis. For example, Javelle et al. [29]
provided the analysis that having at least one of seven alleles at UGT1A1 was independently associated with severe
hyperbilirubinemia (OR, 2.96; 95%CI, 1.29–6.78; P=0.01). Culley et al. [30] confirmed the association of hyper-
bilirubinemia with the use of an ATV/r-containing regimen in individuals carrying the UGT1A1 polymorphism,
highlighting also the fact that carriers of the polymorphism develop total bilirubin levels >5 mg/dl in the major-
ity of cases when on ATV/r. The risk for bilirubin-related ATV discontinuation is substantial, Lubomirov et al. [20]
found that first-year cumulative rates of treatment discontinuation about UGT1A1 alleles were 62.5% for homozy-
gous, 23.8% for heterozygous and 14.6% for noncarrier individuals. And for the four centers prescribing ATV to more
than ten individuals, there was a statistically significant correlation between discontinuation rates and frequency of
UGT1A1*28 homozygocity.

UGT1A1 is a major conjugating enzyme responsible for bilirubin homeostasis [39], and it is expressed in the liver
and gastrointestinal tract. One of the main functions of UGT1A1 lies within the liver, where it is the sole enzyme re-
sponsible for the metabolism of bilirubin, the hydrophobic breakdown product of hemecatabolism [18,40]. In general,
UGT1A enzymes have considerable overlap in substrate specificities [41], however, no other isozyme can substitute
for the bilirubin glucuronidation activity of UGT1A1 [18]. Additionally, no effective alternative pathways exist for
the detoxification and elimination of bilirubin, excluding that of photoisomeration, a relatively inefficient pathway
as compared with UGT1A1 glucuronidation [42]. Its activity is essential in the metabolism of bilirubin [43]. To date,
more than 100 variants have been reported in the UGT1A1 gene [44]. Some have been associated either with a de-
crease (e.g. UGT1A1*28, UGT1A1*6) or with an increase (e.g. UGTA1*36) in UGT1A1 metabolic function. The
most thoroughly studied variant of UGT1A1 is termed as UGT1A1*28 (rs8175347) and is associated with Gilbert’s
syndrome. This variant corresponds to a TA7 dinucleotide repeat in the TATA box at the promoter region of the
UGT1A1 gene as opposed to six (TA6) that characterizes the wild-type allele (UGT1A1*1) [45]. The distribution
of the UGT1A1*28 allele varies across the globe with a minor allelic frequency (MAF) of 26–31% in Caucasians,
42–56% in African-Americans and only 9–16% in Asian populations [45,46]. Gilbert’s syndrome is characterized by
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mild and intermittent elevations of bilirubin caused by homozygosity of the c.-53-52 (TA)6 > (TA)7 allele in UGT1A1
at rs8175347 (*28). The UGT1A1 *28 allele consists of TA7 tandem repeats in the promoter region of UGT1A1 where
normally there are six (UGT1A1*1 allele). The *28 allele causes approximately 50% decrease in UGT1A1 protein ex-
pression. Similarly, the *37 ((TA)8) allele also decreases UGT1A1 transcriptional activity relative to *28, whereas the
*36 ((TA)5) allele in UGT1A1 leads to increased transcriptional activity relative to *28 [47]. The *36 and *37 alleles
are rare in White and Asian populations, but are more common in West and sub-Saharan African populations [48].
The UGT1A1*6 allele (c.211 G>A at rs4148323), which causes a missense mutation (G71R), is more prevalent in
individuals of East Asian descent, but has not been found to be associated with ATV-associated hyperbilirubinemia
[35].

Polymorphisms in UGT1A1 are associated with indirect bilirubin concentrations in the general population (i.e.
Gilbert’s syndrome). Polymorphisms in genes beyond UGT1A1 have been reported to be associated with serum
bilirubin concentrations in the general population, including ABCC2, ABCB4, ABCB11, ATP8B1, SLCO1B1 [49],
SLCO1B3 and G6PD [50]. In addition, bilirubin concentrations have been associated with ABCB1 3435C>T among
patients prescribed ATV without ritonavir but not with ritonavir alone [26], although results have been inconsistent
[4].

Limitations of this meta-analysis must be considered. First, the possibility of information and selection biases can-
not be completely excluded because some of the included studies were retrospective. Second, we restricted our search
to articles published in English or Chinese. Articles with potentially high-quality data that were published in other
languages were not included because of anticipated difficulties in obtaining accurate medical translation. Third, our
study did not make the correlation analysis of ethnicity and drug doses. Finally, the association of hyperbilirubine-
mia and ATV mainly occurs when ATV is boosted. Hypothetical selection bias could have selected patients all with
boosted ATV, and that this association might not exist in non-boosted ATV regimens.

In conclusion, the presence of the UGT1A1*28 allele with ATV use increases the risk of developing severe hyper-
bilirubinemia. Although hyperbilirubinemia is considered a mild adverse effect, it has clinical implications. Jaundice
causes discomfort due to the yellowish appearance of the skin, which may affect the quality of life of these patients
and may lead to treatment discontinuation. It is important to keep in mind that the variant allele frequencies should
be considered in each population before initiating a genotyping program.
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