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Background/objectives: Individuals with Gilbert’s syndrome (GS) harbor mutations in the UGT1A1 gene and are
known to have elevated levels of bilirubin, which enhances the risk for gall stone formation. The aim of this
study is to screen Indian patients with GS for the incidence of gall stone disease. Methods: Individuals with
persistently elevated serum bilirubin levels were genotyped for two polymorphisms (rs8175347; rs4148323) in
UGT1A1 gene to confirmGS in them. Flanking regions of the above polymorphisms were amplified followed by
direct sequencing. Ultrasonography was done to detect gallstone disease. Clinical data, including assessment of
liver function, circulating levels of total and direct bilirubin, as well as routine hematological parameters were
obtained as per standard procedures (Autoanalyzer). Results: Of the total 1621 individuals subjected to
genotyping, 1191 (1149 males of 29.6 � 11.3 years with mean BMI of 22.1 � 3.7 kg/m2 and 42 females of
30.8 � 14.8 years with mean BMI of 20.9 � 3.7 kg/m2) were confirmed to have GS. Gall bladder abnormalities
including cholelithiasis (n = 106/1191; 8.9%), polyps (n = 18/1191; 1.5%) and gallbladder wall thickening
(n = 17/1191; 1.4%) were noted. Incidence of gall stone disease was observed in 103 males (out of 1149) and
3 females (out of 42) indicating the risk of the disease to be 9.0% and 7.1% respectively inmales and females with
GS. Conclusion: Early recognition of GS by genetic analysis is required before these patients with intermittent
episodes of jaundice run the risk of unnecessary operations on their bile ducts from the mistaken assumption
ascribing the jaundice to a stone which has been left behind. ( J CLIN EXP HEPATOL 2018;8:362–366)
allstone disease (GD) is a common gastrointesti- stones, composed principally of cholesterol monohydrate
Gnal ailment causing substantial burden to the
health care system with 10–20% of the patients

developing symptoms.1 While genetic predisposition and
environmental factors have a profound influence on dis-
ease causation,2 demographic and environmental risk
factors3 (including age, sex and body mass index,) are
relevant in this regard. The prevalence of Gilbert’s syn-
drome is 6% in South Indian ethnicity4 and it affects 7.4%
of adult population in North India,5 where in cholesterol
s: Gilbert's syndrome, gallstone disease, genetic polymorphisms,
gated bilirubin, UGT1A1gene
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crystals are encountered as opposed to pigment stones
(composed of calcium bilirubinate) that are encountered
in South India.5,6

Pigment gallstones are formed due to excess secretion of
bilirubin,7 arising from hemolysis, ineffective erythropoie-
sis, or pathologic enterohepatic cycling of unconjugated
bilirubin, into the bile. An augmented enterohepatic
cycling of bilirubin emanating from increased absorption
of unconjugated bilirubin has been proposed as the cause
of pigment gallstones.8 Pigment gallstones are classified
descriptively as “black” or “brown”, and are mostly com-
posed of calcium hydrogen bilirubinate, which is polymer-
ized and oxidized in “black” stones but remains
unpolymerized in “brown” stones. Bilirubin monoconju-
gates that are increased in several conditions, such as in
Gilbert’s syndrome and chronic hemolysis, may play a
pivotal role in pigment stone formation where the uncon-
jugated monohydrogenated bilirubin co-precipitates with
calcium. Generally, pigment stones are formed by the pre-
cipitation of bilirubin in bile, with black stones associated
with chronic hemolytic states, and Gilbert’s syndrome.9

Gilbert’s syndrome (GS) is a genetic disorder that
results from increased serum unconjugated bilirubin lev-
els in the absence of liver disease or overt hemolysis.10

Raised bilirubin alone can be a manifestation of more
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serious disease.11 Various tests have been proposed in an
attempt to provide a firm diagnosis of Gilbert’s syndrome.
Two polymorphisms in UGT1A1 namely G71R in exon 1
(rs4148323) and A(TA)7TAA in the TATA box (rs8175347)
of the promoter region are the most prevalent and are
responsible for GS.12,13A simple dinucleotide repeat poly-
morphism(TA)5–8, in the TATAbox of the UGT1A1 gene is
associated with reduced expression of the hepatic enzyme
and results in the chronic unconjugated hyperbilirubine-
mia that occurs in Gilbert syndrome.14,15

A polymorphism (rs8175347) in UGT1A1 gene in homo-
zygous state is associated with GS and unconjugated hyper-
bilirubinemia.16 It is revealed that the length of TA repeats
in the promoter region is an important modulator of
enzyme activity; the greater the number of repeats higher
the serum bilirubin levels and cholelithiasis risk.16,17 Fur-
thermore, genome-wide association studies (GWAS) of
three large Caucasian cohorts have identified single nucle-
otide polymorphisms (SNPs) in UGT1A1 gene that are
responsible for 18% of clinical variability of serum biliru-
bin.18 Cholelithiasis risk is partially mediated by genes
impacting bilirubin metabolism,19,20 and earlier studies
from our lab have identified the association of a variant
in UGT1A1 gene with pigment gallstone disease in South
Indian population.21 Previous studies reported coexistence
of gallstones with Gilbert’s Syndrome.22–25 In the present
study we report the coexistence of gallstone disease in
Indian patients affected with Gilbert syndrome.
G
a

METHODS

Study Population
A total of 1621 individuals (1506 men and 115 women),
with high bilirubin levels, who visited the hepatology clinics
between September 2009 andApril 2017, were enrolled into
the study. Anthropometric data were obtained from these
individuals and blood samples (2 ml) were collected from
the patients for biochemical and genetic analyses. The
study was approved in institutional ethics committee.

Genotyping
Gilbert’s syndrome in the patients was confirmed by
genetic screening of variants in UGT1A1 gene. Genomic
DNA was isolated from peripheral blood leukocytes of
whole blood by commercial kit (Bioserve Biotechnologies,
India) following manufacturer’s instructions. DNA con-
centration and purity was measured with NanoDrop 2000
spectrophotometer (Thermo Scientific, USA) and agarose
gel electrophoresis respectively. Variants namely UGT1A1
(TA)n (rs8175347) and G7R(G>A) (rs4148323) in
UGT1A1 gene were genotyped in all patients by polymerase
chain reaction (PCR) followed by direct DNA sequencing.
Briefly, 100 ng of DNA along with 10 pmol/ml primers
(Forward primer F-50 TCCCTGCTACCTTTGTGGAC30
Journal of Clinical and Experimental Hepatology | December 2018 | Vol. 8
and Reverse primer R-50 CTGGGTAGCCTCA
AATTCCA30), dNTPs (10 mM each) and Taq polymerase
(5 U/ml) to generate a 700-bp fragment. The PCR reactions
conditions were initial denaturation at 95 �C for 5 min;
followed by 35 cycles at 95 �C for 60 s, 60 �C for 60 s, and
72 �C for 60 s and by a final extension step at 72 �C for 7-
min. The amplicons were purified using AMPure magnetic
beads (Agencourt AMPure XP-Beckman Coulter) and dye
Termination cycling Sequencing was done by sequencing
ready reaction Kit (Beckman) andwas directly sequenced by
Beckman coulter (Genomelab GeXp). Sequence analysis
was performed using software (Beckman Coulter CEQTM

8000, Fullerton, CA 92834-3100).

Biochemical Analyses
Total and direct bilirubin levels, alanine transaminase
(ALT), Aspartate amino transferase (AST) and other liver
function parameters were estimated in serum using com-
mercially available kits (Randox laboratories, Crumlin,
Antrim, UK). Hemoglobin level, reticulocyte count and
other hemogram parameters were estimated by auto ana-
lyzer (Beckman coulter LX750, Miami, FL).
RESULTS

Clinical Characteristics
Of the 1621 individuals referred for genetic testing for
Gilbert’s syndrome, 1157 were of South Indian (SI) and
464 were of East Indian (EI) ethnicity with a BMI
(mean � SD) of 22.04 � 3.8 and 22.01 � 3.2 respectively.
The ultrasound investigations were conducted for 1240
individuals in whom Gilberts syndrome could be con-
firmed in 1191 individuals including 1149 males (96.5%
mean age 29.6 � 11.3 years; mean BMI 22.1 � 3.7 kg/m2)
and 42 females (3.5%mean age 30.8 � 14.8 years; mean
BMI 20.9 � 3.7 kg/m2). Coexistence of GS with gallblad-
der abnormality was noted in greater number of males
(137/141; 97.2%) than in females. Demographic and clini-
cal characteristics between Gilbert’s syndrome with and
without gallstone disease (GS-GD) for 1191 patients are as
presented in Table 1. Even though no significant differ-
ence was observed, total bilirubin levels were high and
indirect bilirubin was higher than the direct bilirubin in
both the groups. Related parameters indicative of liver
function as well as hematological parameters did not
reveal any significant changes as shown in Table 1. It
was also interesting to note that there was no significant
difference in the BMI between the groups.

UGT1A1 Gene Polymorphism and Gilbert’s
Syndrome
In a total of 1240 individuals suspected for Gilbert’s
syndrome, 58 subjects were wild, 258 were heterozygous
and 924 were homozygous for the rs8175347 dinucleotide
| No. 4 | 362–366 363



Table 1 Demographic and Clinical Characteristics.

GS with GD GS Ref. Range
Mean � SD Mean � SD

Age 34.3 � 13.6 29.1 � 11.2

Gender n(M/F) 103/3 1012/38

BMI 20.75 � 2.95 22.04 � 3.72

Total Bilirubin (mmol/L) 3.67 � 1.92 3.8 � 1.8 0.3–1.2

Direct Bilirubin (mmol/L) 0.70 � 0.63 0.9 � 0.4 Up to 0.2

Indirect Bilirubin (mmol/L) 2.97 � 1.68 2.9 � 1.7

ALT (U/L) 33.97 � 18.08 31.6 � 19.3 0–40

AST (U/L) 30.17 � 10.49 29.5 � 16.4 Up to 40

ALP (U/L) 82.91 � 27.97 84.2 � 28.7 30–120

Total protein (mmol/L) 7.35 � 0.58 7.6 � 0.4* 6–8

Albumin (mmol/L) 4.29 � 0.67 4.6 � 0.3* 3.5–5.2

Globulin (mmol/L) 3.01 � 0.42 3.0 � 0.3 2.3–3.5

Total WBC (cell/mm3) 7807.61 � 2831.04 7679.4 � 2467.1 4000–10000

RBC (millions/mm3) 4.50 � 0.93 4.9 � 1.0* 3.8–4.8

Hemoglobin (mmol/L) 13.51 � 2.46 14.6 � 2.6* 12.0–15.0

HCT (%) 39.24 � 6.65 41.7 � 8.5* 36–46

Platelets (�106/mm3) 1.93 � 0.76 2.4 � 0.7* 1.5–4.1

GS, Gilbert's syndrome; GD, gallstone disease; Ref, reference; BMI, body mass index; ALT, alanine transaminase; AST, aspartate amino transfer-
ase; ALP, alkaline phosphatase; WBC, white blood cells; RBC, red blood cells; HCT, hematocrit.
*P > 0.05.
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 repeat polymorphism (TA)5–8. For the rs4148323 single
nucleotide polymorphism 1102 subjects were wild, 129
were heterozygous and 9 were homozygous. Of these, 129
were compound heterozygous for both the variants. Gil-
bert’s syndrome was confirmed in 1191 of the 1240 sub-
jects (96%) based on the genotype.

Gilbert’s Syndrome and Gall Stone Disease
A total of 1191 subjects were positive for Gilberts syn-
drome, of these 11.8% (n = 141) had gall bladder abnor-
malities including cholelithiasis (n = 106/1191; 8.9%),
polyps (n = 18/1191; 1.5%) and gallbladder wall thicken-
ing (n = 17/1191; 1.4%) respectively (Figure 1). In the
present analysis, it was seen that 9.0% of males
(n = 103/1149) and 7.1% of females (n = 3/42) were at risk
for gallstone disease.
Figure 1 Samples consort diagram.
DISCUSSION

Gilbert’s syndrome is associated withmildly elevated levels
of unconjugated bilirubin in absence of liver disease and is
characterized by episodes of mild, intermittent jaundice. It
is well known that a polymorphism in the promoter
region of UGT1A1 gene is responsible for the elevated
unconjugated hyperbilirubinaemia leading to GS,26 which
is usually diagnosed incidentally during a lab investiga-
tion or when a light yellowish tinge of conjunctivae is
364
noticed; both the features (elevated bilirubin levels and
yellow eyes) tend to be repetitive causing undue anxiety in
the patients and their attendants. Individuals with
ã 2018 INASL.
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Gilbert’s syndrome also develop gallstones necessitating
cholecystectomy. It is not uncommon in clinical practice
that the intermittent episodes of jaundice are ascribed to
gall stone(s) left behind, leading to the risk of unwar-
ranted operations on their bile ducts. Thus, it is prudent
to determine the coexistence of Gilbert’s syndrome in
individuals with gallstone disease. In absence of detailed
knowledge in the Indian population in this regard, we
conducted the present study to determine how frequently
these conditions coexist.

The present study involved individuals with increased
levels of circulating bilirubin and comparisons were made
between patients confirmed for Gilbert’s syndrome with
or without concomitant gall stone disease in them. Bili-
rubin biosynthesis starts from hemoglobin metabolism,
where heme is metabolized into biliverdin and then is
converted to bilirubin which is termed as unconjugated
or indirect bilirubin. The unconjugated bilirubin bound
with albumin is transported via the bloodstream to the
liver where it undergoes glucuronidation into conjugated
bilirubin by the UDP-glucuronosyltransferase 1(UGT
family enzyme); only UGT1A1 is involved in bilirubin
conjugation.27 In our results we found lower conjugated
bilirubin and higher unconjugated bilirubin levels but it’s
not statistically significant and there was significantly
lower albumin and total proteins in GS subjects between
with GD and without GD; albumin and UGT family of
enzymes play an important role in conversion of uncon-
jugated bilirubin into conjugated bilirubin. An increased
unconjugated bilirubin has been proposed as the cause of
pigment gallstones.8 We also found significantly lower
hemoglobin, RBC and hematocrit which were haemolytic
cause for the hyperbilirubinaemia.

Results obtained in the present study indicated certain
interesting findings about the incidence of gallstone dis-
ease in males and females. It is well known that middle
aged, obese females also tend to develop gallstone disease.
The obtained results (Table 1) indicated higher prevalence
of Gilbert’s syndrome and gallstone disease in males, as
opposed to females. While the increased tendency of
females to develop gallstone disease is well recognized
in Northern India.28 It is known that female gender,29

obesity30 are risk factors for gallstone disease but majority
of the subjects were males in the present study. GS is
predominantly a disease of males22,31 and in this study all
subjects had normal BMI; which shows that GS indepen-
dently of these parameters is associated with gallstone
disease. Gilbert’s syndrome subjects have been found to
have gallstones �5% in previous reports25 and in the
present study we found that 8.9% of Gilbert’s syndrome
(UGT1A1(TA)n promoter polymorphism) patients had
gallstones.

Some of these subjects (with undiagnosed Gilbert’s
syndrome) undergo unnecessary investigations likeMRCP
(Magnetic Resonance Cholangio Pancreatography), ERCP
Journal of Clinical and Experimental Hepatology | December 2018 | Vol. 8
(Endoscopic Retrograde Cholangio Pancreatography) or
EUS (Endoscopic Ultrasongram) when “jaundice” is
found to be associated with symptomatic or asymptom-
atic gallstones. In few subjects, elevated levels of bilirubin
may appear during follow-up after laparoscopic cholecys-
tectomy has been done, resulting again in needless inves-
tigations for a suspected retained common bile duct stone.
Similar situation can arise in patients who have recovered
after complete resolution from an episode of acute hepa-
titis when bilirubin is found to be “still elevated” during
follow-up. Hence it is prudent to be aware of Gilbert’s
syndrome in any one with unconjugated hyperbilirubine-
mia with normal hemoglobin levels associated with gall-
stone disease.

In conclusion, individuals with increased levels of cir-
culating unconjugated bilirubin in gallstone disease are to
be investigated for polymorphisms associated with Gil-
bert’s syndrome.
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