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The relationship between hyperbilirubinemia and the promoter
region and first exon of UGT1A1 gene polymorphisms in
Vietnamese newborns
Tien-Thanh Nguyen1,2, Wei Zhao1, Xi Yang1 and Dan-Ni Zhong1

BACKGROUND: To investigate the relationship between unexplained indirect hyperbilirubinemia of Vietnamese newborns and the
polymorphism of the promoter TATA box and exon 1 of bilirubin uridine diphosphate glucuronosyltransferase (UGT1A1) gene.
METHODS: A total of 149 neonates were divided into the hyperbilirubinemia group (n= 99) and control group (n= 50). The gene
polymorphisms of UGT1A1 gene in the two groups were detected by PCR and direct sequencing, which revealed the relationship
between UGT1A1 polymorphism with neonatal hyperbilirubinemia of neonates. The types of UGT1A1 polymorphism in the
hyperbilirubinemia group and the peak total serum bilirubin (PSB) levels with different genotypes were observed.
RESULTS: (1) (TA)7 insertion mutation, 211G>A, 189C>T, 190G>A, 378C>T and 686C>A were detected. (2) The allele frequency of
211G>A allele mutation was significantly different between the two groups (p < 0.05). (3) Logistic regression analysis showed that
homozygosity and heterozygosity of 211G>A were both significantly associated with neonatal hyperbilirubinemia. (4) In the
hyperbilirubinemia group, the peak total serum bilirubin level of 211G>A homozygous neonates was higher than that of the wild-
type neonates (p < 0.05).
CONCLUSIONS: We noted that there was an association between neonates with unexplained indirect hyperbilirubinemia in
Vietnam and the polymorphism of UGT1A1c.211G>A. In addition, the homozygous 211G>A polymorphism was related to the
degree of hyperbilirubinemia.
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IMPACT:

● Our article provided data on UGT1A1 polymorphism distribution in the Vietnamese population, which have not been
reported yet.

● Our findings revealed that mutations in UGT1A1 gene are risk factors for unexplained hyperbilirubinemia in Vietnamese
neonates.

● Our article will strengthen the cognition of neonatal jaundice at the genetic level in the pediatric field in Vietnam.

INTRODUCTION
Neonatal hyperbilirubinemia is one of the most common clinical
manifestations in the neonatal period caused by the combination
of catabolism of hemoglobin and physiologic immaturity of the
liver in bilirubin conjugation and excretion. Uridine diphosphate
glucuronosyltransferase 1A1 (UGT1A1) is expressed mainly in
the liver and is an important metabolic enzyme in the bilirubin
metabolism pathway. In recent years, several scholars have
concentrated on hyperbilirubinemia caused by the decreased
enzymatic activity or defect caused by the mutation of UGT1A1
gene. A previous study have found that the polymorphism of
different genotypes of UGT1A1 may lead to the decrease of
UGT1A1 gene expression or enzymatic activity.1–3 To date, >150
functional polymorphisms have been identified on the UGT1A
locus, and 113 functional variants have been identified specifically
in UGT1A1.4 A number of these variants were associated with a

decrease in the UGT1A1 metabolic function. Another research
showed that the most common polymorphism of UGT1A1 gene in
Caucasians is the insertion of an extra TA into the normal
sequence A(TA)6TAA of the promoter TATA box, demonstrating
that (TA)6TAA becomes (TA)7TAA (UGT1A1*28).5 However, the
most frequent polymorphism of UGT1A1 in Asian population is a
non-synonymous single-nucleotide polymorphism (SNP), G-to-A at
nucleotide 211, causing substitution of glycine to arginine at
amino acid position 71 of exon 1 of UGT1A1 gene (UGT1A1*6 or
G71R).6,7 Thus there are significant differences in polymorphic
sites of UGT1A1 gene related to neonatal hyperbilirubinemia
between different races or regions.
Vietnam also has a high incidence of neonatal hyperbilirubine-

mia. At present, there are no national statistics on the incidence of
neonatal hyperbilirubinemia in Vietnam; however, according to
data collected from the Vietnam National Hospital of Pediatrics
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(Hanoi, Vietnam), with respect to tertiary referral hospital for >31
million people in northern Vietnam, hyperbilirubinemia is
responsible for 18% of neonatal admissions in 2002.8 Numerous
causes of neonatal hyperbilirubinemia have been reported, and
the most common causes were found to be ABO and rhesus (Rh)
incompatibility, glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency, and neonatal sepsis, while in a variety of cases, the cause
has still remained elusive. We therefore hypothesized that the
etiology of these unexplained indirect hyperbilirubinemia may be
related to heredity, particularly the polymorphisms of UGT1A1.
The relationship between polymorphisms of UGT1A1 and
neonatal hyperbilirubinemia in the Vietnamese population has
still remained obscure. We, for the first time, attempted to find out
the genetic association between hyperbilirubinemia and poly-
morphisms of UGT1A1 in Vietnamese newborns. The purpose of
this study is to explore the distribution frequency of UGT1A1 gene
polymorphism in the Vietnamese population and to evaluate
correlations between UGT1A1 gene polymorphism and unex-
plained indirect hyperbilirubinemia among neonates.

METHODS
Study subjects
This is a case–control study and 149 Vietnamese full-term
newborns were recruited into this study after obtaining informed
consent from their parents. All infants were born and treated in
Binh Thuan General Hospital (Binhthuan, Vietnam) between
January 2017 and June 2018 (range of infants’ age, 2–14 days;
range of infants’ body weight at birth, 2.5–4.0 kg). All infants were
divided into two groups, including hyperbilirubinemia group (n=
99 cases) and control group (n= 50), according to the presence or
absence of hyperbilirubinemia. The diagnosis standard of neonatal
hyperbilirubinemia was performed on the basis of the guidelines
of the American Academy of Pediatrics published in 2004.9 The
hyperbilirubinemia group included 99 neonates with unexplained
unconjugated hyperbilirubinemia (total serum bilirubin
level above the 95th percentile of Bhutani nomogram).9 The
control group comprised of 50 neonates without hyperbilirubine-
mia (total serum bilirubin level below the 40th percentile of
Bhutani nomogram9). The peak total serum bilirubin (PSB) was the
highest serum concentration of bilirubin detected prior to
initiation of phototherapy. Patients with maternal disease, ABO
and Rh incompatibility, hemolytic anemia, G6PD deficiency,
infection, asphyxia, cephalohematoma, hypothyroidism, or liver
disease that would affect the total serum bilirubin level were
excluded. These conditions were evaluated by means of history,
clinical, and laboratory examinations such as full blood cell count,
reticulocyte count, blood group and subgroups, Coombs
test, G6PD activity, liver function tests, thyroid-stimulating
hormone, and total T4.

DNA extraction
DNA was extracted from 2mL venous blood using the TIANamp
Genomic DNA Kit (TIANGEN Biotechnology Co., Ltd., Beijing, China)
and was stored in a refrigerator at −20 °C. According to the
sequence and flank structure of the promoter TATA box and exon
1 of UGT1A1 gene, the primers were designed and manufactured
by Sangon Biotech Co., Ltd. (Shanghai, China). The fragment
containing the TATA box of the UGT1A1 gene promoter was
amplified by polymerase chain reaction (PCR) with a sense primer
(5′-ACTGTTGTTGCCTATTAAGAAACCTAATAAAG-3′) and an anti-
sense primer (5′-ACAACTATTTCATGTCCCCTCTGC-3′), and the PCR
product had a size of 376 bp. The fragment containing the exon 1
of UGT1A1 gene was amplified by PCR with a sense primer (5′-
TGGGAAGATACTGTTGATCCCAGTGGA-3′) and an antisense primer
(5′-TGATGCCAAAGACAGACTCAAAC-3′), and the PCR product had
a size of 949 bp. Fragment 1 (TATA box) was amplified under the
following conditions: initial predenaturation at 95 °C for 5 min; 35

cycles of denaturation at 94 °C for 30 s, annealing at 60 °C for 30 s,
extension at 72 °C for 30 s, and final extension at 72 °C for 5 min.
Fragment 2 (exon 1) was amplified under the following conditions:
initial predenaturation at 95 °C for 5 min; 35 cycles of denaturation
at 94 °C for 60 s, annealing at 60 °C for 60 s, extension at 72 °C for
60 s, and final extension at 72 °C for 8 min. The PCR products were
analyzed by 2% agarose gel (DOC2000, Bio-Rad Laboratories Inc.,
Hercules, CA, USA) electrophoresis and were sequenced by the
first-generation sequencing approach (Sangon Biotech Co., Ltd.,
Shanghai, China).

Statistical analysis
Data were analyzed by the SPSS 16. 0 software (IBM, Armonk, NY,
USA). The analysis of continuous data was undertaken by
independent samples t test, and the data were expressed as
mean ± standard deviation (SD). To compare the qualitative data
(e.g., the frequency of genotypes and alleles), Chi-square test or
Fisher’s exact test was applied. Logistic regression analysis was
performed to identify the risk factors for neonatal hyperbilirubi-
nemia in Vietnamese population, in which multivariate (adjusted)
odds ratio (ORs) and 95% confidence intervals (CIs) for hyperbilir-
ubinemia were estimated. Subgroup analysis was conducted to
evaluate the effects of different polymorphisms of UGT1A1 gene
on serum bilirubin peak level. Besides, p < 0.05 was considered
statistically significant.

RESULTS
Allele and genotype frequency
Among the 149 neonates, we detected that 43 infants carried
heterozygote genotype of 211G>A polymorphism, 8 infants
carried homozygous genotypes of 211G>A polymorphism, 12
infants were of (TA)7/6 heterozygous genotypes, and 2 infants
were of (TA)7/7 homozygous genotype. In addition, the following
rare polymorphisms: five 189C>T heterozygous carriers, one
190G>A heterozygous carriers, one 378C>T heterozygous carriers,
and one 686C>A heterozygous carrier, were detected in this study.
These rare polymorphisms were all combined with 211G>A
polymorphisms or (TA)7 polymorphisms to form the compound
heterozygous variant of UGT1A1. As shown in Table 1, no
significant difference was noted in infants’ gender, birth weight,
and feeding between the two groups (all p > 0.05). Among the
eight infants with 211G>A homozygous genotype, two infants
also carried the 189C>T heterozygous mutation. Among the 43
infants, who carried the 211G>A heterozygous polymorphism, two
infants also carried the heterozygous genotype of (TA)7 poly-
morphism, one infants carried 189C>T heterozygous polymorph-
ism, one infant carried the 190G>A heterozygous polymorphism,
and one infant carried the 378C>T heterozygous polymorphism.
Among the 12 infants with TA7 mutant heterozygotes, 1 infant
carried 686C>A heterozygous polymorphism. The distribution of
polymorphisms in UGT1A1 gene in the two groups is as noted
below.

Table 1. Demographic characteristics of newborns enrolled in
the study.

Control group Hyperbilirubinemia group p

The number of
children (n)

50 99

Bilirubin level 94.66 ± 27.39 280.68 ± 70.22 <0.01

Age (day) 4.56 ± 1.59 4.67 ± 3.44 NS

birth weight (g) 3016 ± 303 3180 ± 417 NS

Sex (male/female) 25/25 56/43 NS

Breastfeeding/no 44/6 91/8 NS
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There were 43 cases of A/G and 8 cases of A/A among 149
neonates. “A” that represents allele frequency in the hyperbilir-
ubinemia group (27.3%) was significantly higher than that in the
control group (5.0%; p < 0.01; Table 2). In contrast, there was no
statistically significant difference in the allele frequency of
UGT1A1*28 between the hyperbilirubinemia group and the
control group (5.1% and 6.0%, respectively; p > 0.05; Table 2).
Similarly, there was no statistically significant difference in the
allele frequency of 189C>T between the hyperbilirubinemia group
and the control group (2.5% and 0%, respectively; p > 0.05;
Table 2).
Only one 190G>A heterozygous carrier, one 378C>T hetero-

zygous carrier, and one 686C>A heterozygous carrier were
identified in the study group, while none of these polymorphisms
could be identified in the control group. Therefore, statistical
analysis was not possible for comparing such cases.

Risk factor of neonatal hyperbilirubinemia
Logistic regression was carried out to analyze the influences of a
mutant TATA box with an additional TA insertion, A(TA)7TAA,
coding region 211G>A and 189C>T polymorphism, and the risk of
hyperbilirubinemia on Vietnamese population.
Logistic regression analysis showed that 211G>A homozygosity

and heterozygosity were both significantly associated with
neonatal hyperbilirubinemia. However, no association was found
between (TA)7 insertion mutation and neonatal hyperbilirubine-
mia, either in (TA)7/7 homozygous or (TA)6/7 heterozygous
individuals. Similarly, 189C>T polymorphism (only heterozygous
T/C) was not associated with risk of hyperbilirubinemia in
Vietnamese newborns (Table 2)

Comparing serum bilirubin levels in neonates with different
genotypes in the hyperbilirubinemia group
Among the 99 patients in the hyperbilirubinemia group, 46 cases
were detected without any mutation, and the mean peak level of
serum bilirubin was 263.21 ± 59.36μmol/L. According to different
genotypes, the 211G>A polymorphism was divided into 8 A/A
homozygous and 38 A/G heterozygous, and the serum bilirubin
levels of each type were 364.2 ± 105.4 and 284.89 ± 61.0 μmol/L,
respectively. The PSB levels of (TA)7/7 and (TA)7/6 were 226.7 and

273.6 ± 76.1 μmol/L, respectively. The PSBs of the 2 infants who
were compound heterozygous for 211G>A and (TA)7/6, 2 infants
who were compound for 211G>A homozygous and 189C>T
heterozygous, 3 infants who were compound heterozygous
for 211G>A and 189C>T, 1 infant who was compound hetero-
zygous for 211G>A and 190G>A, 1 infant who was
compound heterozygous for 211G>A and 378C>T, and 1 who
was compound heterozygous for 686C>A and (TA)7/6 were
237.65 ± 41.51, 413.95 ± 200.6, 305.7 ± 86.27, 274.9, 301.0, and
275.5 μmol/L, respectively (Table 3). The serum bilirubin levels of
the 211G>A polymorphism subgroup with homozygotes was
significantly higher than that in the wild-type subgroups and the
211G>A heterozygous polymorphism subgroup (p < 0.05). Com-
parison of 211G>A heterozygote polymorphism subgroup with
wild-type subgroup showed that there were no statistically
significant differences in serum bilirubin levels (p > 0.05). In
addition, no statistical differences were noted in serum bilirubin
levels between the other mutant subgroups and the wild-type
subgroup in the hyperbilirubinemia group (p > 0.05; Table 3).

DISCUSSION
To date, >113 allelic variants of UGT1A1 have been reported.4

These variants were associated with diminished or absent
enzymatic activity, leading to abnormalities of bilirubin metabo-
lism, such as Gilbert’s syndrome and Crigler–Najjar syndrome
(type 1 (CN1) and type 2 (CN2)), which are characterized by
inherited non-hemolytic unconjugated hyperbilirubinemia. The
TATA box of promoter changes in repeat number of TA
dinucleotide and coding region mononucleotide replacement
mutations are the two most common types of UGT1A1 gene
polymorphisms.3

The incidence of polymorphisms in UGT1A1 gene varies across
different regions of world. The TATA box (TA)7 mutation has an
allele frequency of 26–31% in Caucasians, 42–56% in African
Americans, and only 6.5–16% in Asian populations.10,11 In the
present study, the allele frequency of the TA7 variant in control
group was 6.0%, which is relatively lower than the data previously
reported in Asian population, while it is significantly lower than
that in Caucasian and African American populations, which may

Table 2. Genotype distribution and allele frequency of the UGT1A1 211G>A/189C>T/(TA)7 polymorphism and their influences on neonatal
unconjugated hyperbilirubinemia.

Mutation Genotype Control group Hyperbilirubinemia group OR (95% Cl) p

c.211G>A G allele 95 (95%) 144 (72.7%) 1

A allele 5 (5%) 54 (27.3%) 7.125 (2.75–18.46) <0.01

G/G 45 53 1

G/A 5 38 6.453 (2.34–17.78) <0.01

A/A 0 8 7.667 (0.94–62.80) 0.028

G/A+ A/A 5 46 7.811 (2.86–21.34) <0.01

c.189C>T C allele 100% 193 (97.5%) 1

T allele 0% 5 (2.5%) 3.123 (0.371–26.302) NS

C/C 50 94 1

T/C 0 5 3.221 (0.377–27.492) NS

T/T 0 0 / /

(TA)7 (TA)6 allele 94 (94%) 188 (94.9%) 1

(TA)7 allele 6 (6%) 10 (5.1%) 0.68 (0.225–1.978) NS

6/6 45 90 1

6/7 4 8 1.0 (0.286–3.499) NS

7/7 1 1 0.5 (0.031–8.180) NS

7/7+ 6/7 5 9 0.9 (0.285–2.843) NS
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be due to environmental racism. The current research revealed
that allele frequency of the TA7 polymorphism in the hyperbilir-
ubinemia group and the control group was 5.1% and 6%,
respectively, with no statistically significant difference between
the two groups (p > 0.05). The variant (TA)7 promoter of UGT1A1
was not found as a risk factor for Vietnamese newborns as well.
However, c.211G>A (UGT1A1*6) alleles of coding region of
UGT1A1 is relatively common in East Asian populations (Japanese,
Chinese, and Korean) compared with that in European and African
individuals.6,11 The results of the present study indicated that the
allele frequency of 211G>A in the control group was 5.0%, which
was close to the rate reported in southern China (4.0–9.7%),12–14

while it is lower than that observed in northern China
(14.3–14.9%),15,16 Taiwan region of China (11.0–15.6%),17,18 and
Japan population (13.4–18.3%);7,19 besides, the rate that we
achieved in the present study was relatively higher than Thai
population20 (3.5%), as well as being significantly higher than the
Indian (0.2–2.6%),21,22 American (0.7%),23 and Italian (1.2%)24

populations.
Since 1998, a series of studies have confirmed that 211G>A

polymorphism is a high risk factor for the occurrence and
development of neonatal hyperbilirubinemia.7,18,25,26 Therefore,
we speculate that the polymorphism of UGT1A1 gene may also
contribute to neonatal hyperbilirubinemia in Vietnamese popula-
tion. In the current study, there was a statistically significant
difference in allele frequency of 211G>A between the hyperbilir-
ubinemia group and the non-hyperbilirubinemia group (p < 0.05).
In addition, logistic regression analysis showed that 211G>A,
rather than A(TA)7TAA or 189C>T, led to significant elevation of
the risk of neonatal hyperbilirubinemia in Vietnam. Our findings
were consistent with those previously reported in East
Asia.6,7,11,18,25,26 Other SNP variants of UGT1A1, such as 190G>A,
378C>T, and 686C>A, were also detected in the present study, and
the polymorphism frequency was very low. In order to indicate
whether the polymorphisms have an influence on neonatal
hyperbilirubinemia, further research is required. In addition, the
present research revealed that the serum level of bilirubin in the
homozygous c.211G>A polymorphism subgroup was significantly
higher than that in the wild-type subgroups and heterozygous
c.211G>A polymorphism subgroup (p < 0.05), suggesting that the
homozygous 211G>A carrier may remarkably decrease enzymatic
activity of UGT1A1, resulting in a higher serum bilirubin level.
However, the heterozygous 211G>A polymorphism did not cause
significant changes in serum bilirubin level, which is likely
because the heterozygous 211G>A polymorphism could only
partially impair enzymatic activity of UGT1A1, thus the influences
of conjugation of indirect bilirubin was not noticeable. This
result is consistent with Yamamoto et al.’s finding who found

that the enzymatic activity of UGT1A1 in the homozygous 211G>A
polymorphism was 32.2 ± 1.6%, while in the heterozygous
211G>A polymorphism it was 60.2 ± 3.5%.27 Although (TA)n
polymorphism is considered as a risk factor for neonatal
hyperbilirubinemia in Caucasian and African, most scholars
agree that (TA)n polymorphism is not a risk factor for
neonatal hyperbilirubinemia in the population of east Asian
countries,14,17 and some studies even suggest that it is a
protective factor for neonatal hyperbilirubinemia in the Asian
population.28,29 The present study showed that TATA box
polymorphism was not significantly associated with the occur-
rence and development of neonatal hyperbilirubinemia in
Vietnamese population, which was consistent with the findings
of other East Asian countries. The polymorphism of 189C>T(p.
Asp63=) and 378C>T(p.Gly126=) are synonymous variant, and
the produced amino acid sequence is not modified, thus the
enzymatic activity of UGT1A1 is not decreased. This may be the
reason that the PSB levels of infants with 189C>T or 378C>T
polymorphism subgroups were not significantly different from
that of wild-type subgroup. Although the polymorphisms 190G>A
(p.Ala64Thr) and 686C>A(p.Pro229Gln) were both missense
mutations, which theoretically may have led to the decreased
enzymatic activity of UGT1A1,30 however, the incidence rates were
too low to be analyzed. Our study only focused on the
contribution of carrying the first exon or TATA box polymorphism
of UGT1A1 gene to neonatal hyperbilirubinemia in the Vietnamese
population. Obviously, there are other areas of UGT1A1, other
genes (such as G6PD, HMOX1, BLVRA, SLCO1B1, and SLCO1B3),
and other factors that can cause neonatal hyperbilirubinemia that
we have not evaluated. Gene–gene interaction between UGT1A1
and G6PD has been shown to contribute to the pathogenesis of
neonatal hyperbilirubinemia.31–33 In addition, previous studies
demonstrated that there was a significant gene–environment
interaction between the UGT1A1 gene coding region
variation and breastfeeding to increase the risk of neonatal
hyperbilirubinemia.34

At present, a high incidence of neonatal hyperbilirubinemia
exists in Vietnam. Hence, it is of great significance to study the
pathogenesis of neonatal hyperbilirubinemia in Vietnam. To date,
genetic testing is still not emphasized in the diagnosis of neonatal
hyperbilirubinemia in Vietnam. In conclusion, the present study
strengthens the cognition of neonatal jaundice at the genetic
level in the field of pediatric in Vietnam. However, only a small
subgroup of 8 patients (out of 149 in the study group)
were homozygous for the 211G>A polymorphism, indicating that
there may be other environmental or genetic factors causing the
disease. Therefore, further study on the pathogenesis of this
disease needs to be carried out.

Table 3. Comparing serum levels of bilirubin in different polymorphisms of UGT1A1 gene in the hyperbilirubinemia group.

Genotypes n Peak total bilirubin level (μmol/L) p

Wild type 46 263.21 ± 59.36

211G>A homozygous (including B) 8 364.2 ± 105.4 <0.05

211G>A heterozygous (including A, C, D, F) 38 284.89 ± 61.0 NS

(TA)7/7 1 226.7

(TA)7/6 (including G) 8 273.6 ± 76.1 NS

Compound 211G>A hetero-+ (TA)7/6 (A) 2 237.65 ± 41.51 NS

Compound 211G>A homo-+ 189C>T hetero- (B) 2 413.95 ± 200.6 NS

Compound 211G>A hetero-+ 189C>T hetero- (C) 3 305.7 ± 86.27 NS

Compound 211G>A hetero-+ 190G>A hetero- (D) 1 274.9

Compound 211G>A hetero-+ 378C>T hetero- (F) 1 301.0

Compound 686C>A hetero-+ (TA)7/6 (G) 1 275.5
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