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Background: The results of studies on association between the polymorphisms in the coding region and the promoter of
uridine diphosphateglucuronosyl transferase 1A1 (UGT1A1) and neonatal hyperbilirubinemia are controver-
sial. This study aimed to determine whether the UGT1A1 gene polymorphisms of Gly71Arg and TATA promot-
er were significant risk factors associated with neonatal hyperbilirubinemia.

Material/Methods: The PubMed, Cochrane Library, and Embase databases were searched for papers that describe the association
between UGT1A1 polymorphisms and neonatal hyperbilirubinemia. Summary odds ratios and 95% confidence
intervals (Cl) were estimated based on a fixed-effects model or random-effects model, depending on the ab-
sence or presence of significant heterogeneity.

Results: A total of 32 eligible studies and 6520 participants were identified. Among them, 24 studies focused on the as-
sociation of neonatal hyperbilirubinemia with UGT1A1 Gly71Arg polymorphisms, and a significant difference
was found for the comparison of AA vs. AG+GG (OR=3.47, 95% Cl=2.29-5.28, P<0.0001). We included 19 stud-
ies on the association of neonatal hyperbilirubinemia with UGT1A1 TATA promoter polymorphism, which also
found a statistically significant difference between 7/7 and 6/7 + 6/6 (OR=2.24, 95% Cl=1.29-3.92, P=0.004).

Conclusions: This meta-analysis demonstrated that UGT1A1 polymorphisms (Gly71Arg and TATA promoter) significantly in-
crease the risk of neonatal hyperbilirubinemia.
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Background

META-ANALYSIS

Material and Methods

Neonatal hyperbilirubinemia is caused by abnormal metabo-
lism of bilirubin, and is characterized by a syndrome of skin,
mucous membrane, and sclera jaundice [1]. While most cas-
es are physiological, when the serum bilirubin concentrations
are higher than 12.9 mg/dl in full-term infants and for a pro-
longed period of time, jaundice is no longer considered physi-
ologic [2,3]. In pathological hyperbilirubinemia, increased pro-
duction of bilirubin, deficiency in hepatic uptake, impaired
conjugation of bilirubin, and/or increased enterohepatic circu-
lation of bilirubin are observed [4]. However, there is no iden-
tifiable factor in almost half of cases.

It has been suggested that genetic variation could enhance
the risk of neonatal hyperbilirubinemia when coexpressed with
other icterogenic conditions [5-7]. Among these, uridine di-
phosphate glucuronosyltransferase 1A1 (UGT1A1) was iden-
tified to be associated with neonatal hyperbilirubinemia [8,9].
UGT1AL1 is the key rate-limiting enzyme in the liver for biliru-
bin glucuronidation, which is a clearance mechanism for nu-
merous dietary and environmental chemicals, including biliru-
bin [10,11]. The polymorphisms of the UGT1A1 coding region
or the promoter may produce structural or functional enzy-
matic deficiencies, leading to intermittent elevation of un-
conjugated serum bilirubin, resulting in hyperbilirubinemias
known as Gilbert’s syndrome (GS) and Crigler-Najjar syndrome
(GNS) [12,13]. Numerous polymorphisms of UGT1A1 have been
reported in patients with GS and CNS, including Gly71Arg and
TATA promoter [14,15].

The Gly71Arg (G71R) of the UGT1A1 gene has been reported
as a genetic risk factor for GS, which might reduce the activi-
ty of the enzyme, and then cause mild unconjugated hyperbil-
irubinemia [16-18]. In addition, the TATA promoter polymor-
phism has been described as another major cause of neonatal
hyperbilirubinemia, which is characterized by an increase of
total serum bilirubin as a result of poor enzymatic conjuga-
tion by glucuronosyltransferase [6,19,20]. TA sequences in the
promoter region vary in length from 5 to 8 repeats, and the
(TA)7 (UGT1A1*28) and (TA)8 homozygotes, when compared
with (TA)6 homozygote, (TA)6/(TA)7 or (TA)6/(TA)8 heterozy-
gotes, have been considered as causes of hyperbilirubinemic
syndromes. The (TA)7 homozygote leads to a 70% reduction
in UGT1A1 expression as compared to the (TA)6 carriers [21].
Recent data have also shown that the effects of variants in
UGT1A1 gene appear to be variable across populations [22-24].
Therefore, we performed a meta-analysis to assess whether
the UGT1A1 polymorphisms are associated with neonatal hy-
perbilirubinemia. We analyzed the Gly71Arg and TATA pro-
moter polymorphisms of UGT1A1 between cases and controls.

The present meta-analysis was performed according to PRISMA
recommendations [25]. The PubMed, Cochrane Library, and
Embase databases were searched independently by 2 inves-
tigators to retrieve relevant studies published from January 1,
1998 to October 31, 2014. The search criteria “hyperbilirubi-
nemia”, “UDP-glucuronosyl transferase 1A1 (UGT1A1)”, and
“polymorphism” were used in text word searches. The “relat-
ed articles” function was used to broaden the search. The ref-
erence lists of the selected articles were also manually exam-
ined to find relevant studies that were not discovered during
the database searches.

Exclusion criteria

Exclusion criteria were: A) incomplete raw data, B) repetitive
reports, and C) material and methods used were not well de-
scribed or reliable. We used reliability of the methods for patient
selection, molecular typing, and statistical analysis as quality
variables to accurately assess the quality measures of interest.

Polymorphisms related to neonatal hyperbilirubinemia were
divided into 2 groups according to TATA promoter polymor-
phism and G71R polymorphism in the UGT1A1 gene. All ti-
tles, abstracts, and full papers of potentially relevant studies
were assessed for eligibility. When several reports from the
same study were published, only the most recent or informa-
tive one was included in this meta-analysis. The language was
restricted to only English.

Data extraction

Two investigators extracted all variables and outcomes of in-
terest independently. Disagreements were resolved through
discussion and consensus. Data on first author and year of
publication, neonatal hyperbilirubinemia definition, country of
study, numbers of cases and controls, and UGT1A1 gene poly-
morphism genotyping information were extracted (Table 1).

Quality assessment

The included studies were assessed independently by the 2 re-
viewers using the Newcastle-Ottawa Scale (NOS) [26]. The NOS
employs a star rating system to assess quality from 3 broad
perspectives of the study: (1) selection of the study groups,
(2) comparability of the groups, and (3) identification of the
exposure (for case-control studies) or outcome of interest (for
cohort studies). Scores ranged from 0 to 9 stars, and studies
with 7 or more stars were considered to be of high quality.
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Author (reference)

Table 1. Characteristics of included studies.

Country
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Characteristics of cases

Control(n)

Case(n)

Akaba et al. [24] 1998 Japan STB >17 mg/dl 101 42
Maroetal[i8] 1999 Japan  STB>ISmgdl s0 %5
Yamamoto et al. [16] 2002 Japan STB >15 mg/dl in the first 7 days 49 23
Huangetal[14] 2002 TaiwanChina  STB>15 mg/dlwithin 1 week after bith 218 123
Seco et al. [41] 2002 Spain STB >15 mg/dl 115 21
CUlgenalpetal[4] 2003 Tukey  STB>129mgdl 33 75
Takeuchi et al. [33] 2004 Japan STB level >17 mg/dl 71 68
Huangetal[28] 2004 Taiwan, China  a peak STB 2200 mg/dlin serum within 10 d of birth 100 72
Sutomo et al. [34] 2004 Malaysia STB >15 mg/dl at day 3 36 32
CKanaietal[s] 2005 Japan  STB>15mg/diatday4and thereafter 116 29
Yusoff et al. [48] 2005 Malaysia STB >15 mg/dl 50 55
Femarisetal[15] 2006 taly  Ss®>17mgdl 83 53
Babaoglu et al. [21] 2006 Tukey STB >17 mg/dl 32 74
Musluetal3e] 2006  Tukey  STB>lsmgdicrd 55 107
Farheen et al. [26] 2006 India UCB >1.2 mg/dl 95 95
Wong et al. [9] 2007 Malaysia Z:; alns d’gﬁ@’;fj age 1-2daysor>17mg/dlatage3 ., 74
Watchko et al. [6] 2009 America STB >95% high-risk zone 299 153
Changetal[27] 2009 Taiwan,China  STB >S9 mg/dl beyond 28 days of age 0 3
Prachukthum et al. [39] 2009 Thailand STB >95% as defined by the Bhutani nomogram 86 91
Agawaletal 7] 2009  India  STB>8mgdl s0 69
Ergin et al. [19] 2010 Turkey STB 217 mg/dl 54 50
CKiicetal[40] 2010 Tukey  STB>129 mg/dl or TSB>88 me/dlatday 14 3 a7
Narter et al. [38] 2011 Turkey STB >15 mg/dl in the first 10 days 70 39
CChouetal[1] 011 Taiwan, China STB>1Smgdl s08 180
Long et al. [1] 2011 China STB >95% as defined by the Bhutani nomogram 105 112
soal w2 e Toudd
Silva et al. [35] 2012 India STB >15 mg/dl in the first 5 days 180 126
Tiwarietal[so] 2013 India  STB>95% as defined by the Bhutani nomogram 100 100
Wong et al. [9] 2013 Malaysia STB >15 mg/dl 263 52
Tavanetal[3 014 waly  S®>0mgd 0 0
Tiwari et al, [30] 2014 India i;eB >95% high-risk zone, newborns of <2 weeks’ of 218 113
Csivaetal20] 014  Inda  STB>ISmg/d,>35weeks 171 124

STB — serum total bilirubin; UCB — serum unconjugated bilirubin.
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Table 2. Allele frequencies of Gly71Arg UGT1A1 polymorphisms in cases of neonatal hyperbilirubinemia and controls.

Control (n) Case (n) A allele

Author Country frequencies in
control group

Akaba et al. 1998 Japan 76 23 2 18 21 3 0.134

Maruwoetal 1999 Japan 35 14 1 1 11 3 016
Yamamotoetal.2002  Japan 33 15 1 8 12 3 0173
Huangetal 2002 TawanChina 153 6 3 63 46 14 0156
Takeuchietal.2004  Japan 48 20 3 4 17 10 0183
Huangetal 2004  TawanChina 80 18 2 35 30 7 011
Csutomoetal 2004 Malaysa 35 1 0 28 4 0 o 0014
Kanaietal2005  Japan g 31 5 14 14 1 0177
Vusoffetal 2005 Malaysia 7 3 o 2 3 0 003
Ferarisetal 2006 &y 88 2 o 53 0 0 0012
Farheenetal.2006 ndia % 5 o 8 9 1 0026
Wongetal 207 Malaysia 3 31 1 45 18 11 0132
Watchkoetal.2009 . America 205 4 0 148 4 1 0007
Changetal.2009  TawanChina 68 2 2 11 17 7 0133
Prachukthumetal. 2009 Thaland & 6 0o 6 19 4 0035
Ckiicetal 2000 Tukey 22 1 o 4 7 0 0022
CChouetal.2011  TawanChina 367 135 6 111 61 8 0145
Clongetal2011  china 81 2 2 6 39 11 0124
Csatoetal 202 Japam 236 103 6 31 24 1 0167
Csivaetal2012 ndia 41 3 o0 10 26 0 0108
CTiwarietal 2013 ndia % 1 o 92 8§ 0 0005
Wongetal2013 Malaysia 226 22 15 47 4 1 o 009
Tiwarietal 2014 ndia 217 1 o 17 5 1 o 0002
Nateretal2011 Tukey 2 19 4 23 13 3 024
CTotal 2730 598 53 1293 412 90 0104

GG AA GA+AA GG+AG AA G A
Model / Fixed Fixed / Fixed / Random
Heterogeneity @) /- 2% 0% ;o se% sss%
CORGSHC)  /  401(47to651) 225(176t0287) /34722910528 / 217 (17410272)
>/ oo <001 /o woor /o001
Mg 4 Tgmewd  mme . B

OR - odds ratio; 95%Cl — 95% confidence interval.
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A
Study name Statistics for each study
Odds  Lower  Upper 0Odds ratio and 95% CI
ratio  limit  limit Z-value p-value
Akaba et al. 1998 6333 0.984 40.745 1.943 0.052 —Ii—
Maruo etal. 1999 9.545 0.899 101.338 1.872 0.061
Huang et al. 2002 8.000 1.582 40.461 2514 0.012
Yamamoto et al. 2002 12375 1132 135236 2.062 0.039
Huang et al. 2004 11333 3.148 40.803 3.715 0.000
Takeuchi et al. 2004 3902 1.006 15142 1.968 0.049 —
Sutomo et al. 2004 0415 0.016 10.584 -0.532 0.595
Yusoff et al. 2005 2714 0.108 68246  0.607 0.544
Kanai et al. 2005 1143 0124 10532 0.118 0.906
Ferraris et al. 2006 0508 0.020 12.698 -0.413 0.680
Farheen et al. 2006 3175 0128 79.018  0.705 0.481
Wong et al. 2007 22733 2.846 181573 2947 0.003
Watchko et al. 2009 5970 0.242 147432 1.092 0275 —1
Prachukthumetal. 2009 10577 0.559 199.956  1.573 0.116
Chang etal. 2009 21636 3.970 117.922  3.554 0.000
Kilicetal. 2010 1.667  0.065 42.634 0309 0.757 —
Narter etal. 2011 1553 0316 7425 0.530 0.59
Chou etal. 2011 4408 1498 12976  2.693 0.007 —ri—
Long etal. 2011 7185 1537 33602 2506 0.012 ——
Sato etal. 2012 1269 0148 10.891 0.217 0.828 ——
Silva etal. 2012 0469 0.019 11.639 -0.462 0.644 m———
Tiwari etal. 2013 0359 0.014 8912 -0.626 0.532
Wong etal. 2013 0321 0.041 2486 -1.089 0.276
Tiwari etal. 2014 6.070  0.245 150.244 1101 0271 I
4013 2474 6507 5.632 0.000
0.01 0.1 1 10 100
B
Study name Statistics for each study
Odds  Lower  Upper Odds ratio and 95% CI
ratio  limit  limit Z-value p-value
Akaba et al. 1998 4053 1896 8.668 3.609 0.000 e
Maruo etal. 1999 2970 1.098 8030 2.145 0.032 =l
Yamamoto et al. 2002 3.867 1360 11.000 2.536 0.011 —t
Huang et al. 2002 4229 2156 8293 4196 0.000 ——
Huang et al. 2004 2242 1419 3542 3459 0.001 L
Takeuchi et al. 2004 1374 0686 2.754 0.897 0370 i
Sutomo et al. 2004 5000 0.529 47.294 1.404 0.160
Yusoff et al. 2005 0904 0.174 4.698 -0.120 0.904 ——
Kanai et al. 2005 2381  1.041 5448 2.054 0.040 —
Ferraris et al. 2006 0305 0014 6471 -0.762 0.446
Farheen et al. 2006 2118 0695 6449 1320 0.187 da
Wong et al. 2007 1873 1.012 3467 1997 0.046 -
Watchko et al. 2009 2492 0659 9416 1346 0.178 o
Prachukthum et al. 2009 4510 1736 11718  3.092 0.002
Chang et al. 2009 6744 2.852 15944 4347 0.000 —a=
Kilicetal. 2010 3.850 0444 33347 1224 0221 —-
Narter etal. 2011 1422 0632 3.195 0851 0395
Longetal. 2011 2722 1511 4902 3335 0.001 i
Chouetal. 2011 1618 1131 2314 2636 0008 -
Sato etal. 2012 1746 0984 3.099 1.904 0.057 L
Silva etal. 2012 0940 0538 1643 -0217 0.828 —
Tiwari etal. 2013 8.609 1.056 70.170 2.011 0.044 -
Wong etal. 2013 0.650 0.243 1741 -0.858 0.391
Tiwari etal. 2014 12168 1.447 102.356  2.300 0.021 o
2249 1761 2872 6.498 0.000
0.01 0.1 1 10 100

Statistical analysis

The statistical analysis was performed using meta-analysis
software called “Comprehensive Meta Analysis”. The strength
of the association between UGT1A1 gene polymorphisms and
neonatal hyperbilirubinemia risk was calculated with the OR
and respective 95% Cls. The significance of the pooled OR
was determined by the Z test, and P-values of less than 0.05
were considered significant. Chi-square test was used for as-
sessing the Hardy-Weinberg equilibrium (HWE) of genotypes

This work is licensed under a Creative Commons
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in the control group of each study. Statistical heterogeneity
among studies was assessed with the 12 statistics. This value
ranges from 0% (complete consistency) to 100% (complete
inconsistency). If the 12 value was more than 50%, the ran-
dom-effects model was chosen to calculate the pooled OR;
otherwise, the fixed-effects model was used. All of the results
were presented as forest plots. In the sensitivity analysis, we
removed each study sequentially and performed meta-anal-
ysis with the rest repeatedly to show how conclusions might
be affected. The presence of publication bias was assessed
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C Figure 1. Meta-analysis of UGT1A1 Gly71Arg
polymorphism and neonatal
Study name Statistics for each study hyperbilirubinemia. (A) Comparison
0dds  Lower  Upper Odds ratio and 95% (I of A/A vs. G/G: (B) comparison of
ratio  limit  limit Z-value p-value ’ .
Akaba etal. 1998 3808 0613 23669 1434 0152 o A/A+G/A vs. G/G; (€) comparison of
Maruo etal. 1999 6.682 0658 67.883 1.606 0.108 A/A vs. G/G+G/A; (D) comparison of A
Huang et al. 2002 527 1063 26201 2034 0,042 —_—
Yamamoto et al. 2002 7200 0706 73449 1666 0.096 allele vs. G allele.
Huang etal. 2004 9205 2590 32714 3431 0001 —
Takeuchi et al. 2004 3908 1.026 14879 1998 0.046 o
Sutomo et al. 2004 0374 0015 9514 —0595 055
Yusoff et al. 2005 2730 0109 68541 0611 0541
Kanai et al. 2005 0793 0089 7061 0208 0835 | I
Ferraris etal. 2006 052 0021 13.007 0398 0.691
Farheen et al. 2006 3032 0122 75366 0677 0.499
Wong et al. 2007 2651 2734 171485 2912 0.004
Watchko et al. 2009 5892 0.239 145489 1084 0.287
Prachukthum etal. 2009 8897 0472 167.762 1.459 0.145
Chang et al. 2009 11000 2160 56030 2887 0.004
Kilic et al. 2010 1484 0058 37.843 0239 03811 ——
Narter etal. 2011 1375 0292 6485 0402 0.687
Choucetal. 2011 3891 1331 11374 2483 0013 ——
Longeetal. 2011 5609 1213 25940 2207 0027 —i
Sato etal. 2012 1027 0121 8697 0025 0980 ——
Silva etal. 2012 0476 0019 11770 0454 0650
Tiwari etal. 2013 1000 0062 16210 0.000 1.000
Wong etal. 2013 0324 0042 2510 1079 0281
Tiwari etal. 2014 5827 0235 144189 1077 0282
3474 2285 5282 5825 0.000
<
001 01 0 100
D
Study name Statistics for each study
0dds  Lower  Upper 0dds ratio and 95% CI
ratio  limit  limit Z-value p-value
Akaba et al. 1998 3070 1666 5659 3.569 0.000 -
Maruo etal. 1999 2705 1.224 5975 2460 0.014 ——
Huang et al. 2002 3560 2019  6.279 4386 0.000 ==
Yamamoto et al. 2002 3.063 1390 6.749 2.777 0.005 ——
Huang et al. 2004 2328 1599 3390 4409 0.000 5
Takeuchi et al. 2004 1.667 0944 2945 1762 0.078 |-
Sutomo et al. 2004 4733 0515 43498 1374 0170
Yusoff et al. 2005 0907 0179 4598 —0.018 0906 ——
Kanai et al. 2005 1775 0911 3459 1685 0.092 -
Ferraris etal. 2006 0309 0015 6498 0756 0450
Farheen et al. 2006 2274 0775 6675 1495 0.135 i
Wong et al. 2007 2435 1454 4078 3385 0.001 _._'
Watchko et al. 2009 2970 0832 10605 1676 0.094
Prachukthum etal. 2009 4819 1937 11988 3382 0.001
Chang et al. 2009 5167 2730 9779 5.045 0.000 ——r
Kilic et al. 2010 3621 0432 30345 1186 0.236 il
Narter etal. 2011 1348 0692 2623 0878 0380
Chou etal. 2011 1608 1184 2186 3.038 0.002 -
Longeetal. 2011 2648 1598 4389 3779 0.000 &
Sato etal. 2012 2512 0933 2448 1680 0093 -
Silva etal. 2012 0947 0560 1600 0204 0838 -
Tiwari etal. 2013 8292 1.027 66923 1.985 0.047 -
Wong etal. 2013 0558 0233 1336 -1310 019
Tiwari etal. 2014 13904 1700 113722 2455 0014 ——-
2173 1738 2718 6807 0.000
¢
001 01 1 0100
by a visual inspection of a funnel plot and Egger’s linear re- or insufficient data after carefully screening the titles and ab-
gression test. stracts. All studies included were in accordance with NOS scale
and were therefore defined as high-quality studies. A total of
32 articles with 2455 cases of neonatal hyperbilirubinemia and
Results 4065 controls were included in the meta-analysis. The charac-
teristics of the included studies are summarized in Table 1. A
Literature search review of the data extraction revealed 100% agreement be-

tween the 2 reviewers.
The initial literature search retrieved 322 relevant articles. We
excluded 289 articles for not investigating the topic of interest
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Table 4. Allele frequencies of TATA promoter UGT1A1 polymorphisms in cases of neonatal hyperbilirubinemia and controls.

Control (n) Case (n) (TA) 7 allele

Author frequencies in

control group

Maruo et al. 1999 Japan 37 11 2 23 2 0 0.15
Huangetal 2002 Tawan,China 165 52 1 102 20 1 0124
Secoetal 2002  Span 61 46 s 7 o1 3 0270
Ulgenalpetal. 2003 Tukey 14 19 2 33 32 8 0329
Takeuchietal 2004  Japan 57 12 2 29 14 25 0113
Kanaietal 2005  Japan % 20 o 29 o o 0086
Vusoffetal. 2005 Malaysia B3 6 1 4 10 4 008
 Babaogluetal. 2006  Tukey 18 11 3 44 25 5 0266
Musluetal 2006 Tukey a7 71 9 12 o 0082
Farheenetal 2006 India 32 53 10 4 15 76 o 0384
 Watchkoetal 2000 America 129 127 28 66 62 21 0322
 Agrawaletal 2000 India 25 21 4 g 49 12 029
Erginetal 2000 Tukey 8 6 o 10 34 6 0056
Chouetal.2011  Taiwan,China 392 107 o 147 27 6 0123
Satoetal202  Japan 254 81 10 49 7 o 0146
Tiwarietal 2013 India 37 53 10 31 50 19 0365
Travanetal.2014  kaly 26 30 14 26 31 13 0414
Tiwarietal 2014 India 101 93 24 38 57 18 0323
CSivaetal 2014 India 89 6 19 36 63 25 0295
CTotal 1671 818 148 820 521 242 0216

Table 5. Meta-analysis of the genotyped and allele distributions of TATA promoter UGT1A1 polymorphisms for the cases and controls.

(TA) 6/6
(TA) 6/7 + (TA) 7/7 +
(TA) 6/7

(TA)
6/6

(TA) 7/7

(TA) 7/7 (TA) 6 (TA) 7

Figure 2A Figure 2B / Figure 2C / Figure 2D

OR - odds ratio; 95%Cl — 95% confidence interval.

Main analysis

Finally, 24 studies focused on the relationship between
G71R UGT1A1 polymorphism and neonatal hyperbilirubine-
mia (Table 2). Table 2 and Table 3 list the genotyped and al-
lele distributions of the G71R for the cases and controls.
Although most research has been in East Asian populations,
the A allele does not appear to be different among races. The

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

genotype frequencies of the G/A polymorphism were 80.7%
(GG), 17.7% (GA), and 1.6% (AA) in controls, and 72.0% (GG),
23.0% (GA), and 5.0% (AA) in hyperbilirubinemia neonates.
The A allele frequencies in the control group was 0.104. For
allele level comparison, the A allele was found to be associat-
ed with a risk of hyperbilirubinemia in terms of the frequen-
cy of allele comparison (A vs. G: OR=2.17; 95% Cl=1.74-2.72,
P <0.0001). For a dominant model of the A allele, the AG + AA
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A
Study name Statistics for each study
Odds  Lower  Upper 0dds ratio and 95% CI
ratio  limit  limit Z-value p-value
Maruo etal. 1999 0319  0.015 6943 -0.727 0.467 L
Huang et al. 2002 1618  0.100 26.147 0339 0.735 o
Seco etal. 2002 3268 0.700 15247 1.507 0.132 =
Ulgenalp et al. 2003 1.600 0302 8490 0.552 0.581 —_—
Takeuchi et al. 2004 24569 5438 111.020 4.161 0.000 ———
Kanai et al. 2005 1.090 0.043 27484 0.053 0.958
Yusoff etal. 2005 4195 0450 39.119 1.259 0.208 =
Babaoglu et al. 2006 0.682 0.147  3.158 -0.490 0.624
Muslu et al. 2006 0.166  0.007  4.147 -1.094 0.274
Farheen et al. 2006 60.800 17.755 208.197 6.541 0.000 =
Watchko et al. 2009 1466 0774 2777 1173 0.241
Agrawal etal. 2009 9375 2350 37.399 3.170 0.002
Ergin etal. 2010 60048 3134 1150473 2718 0.007 ——
Chou etal. 2011 1.778 0622 5081 1.074 0.283
Sato etal. 2012 0245 0014 4247 —0.967 0334 i
Tiwari etal. 2013 2268 0920 559 1779 0.075 -
Travan etal. 2014 0929 0366 2354 -0.156 0.876 —i—
Tiwari etal. 2014 1993 0974 4079 1.883 0.059 ——
Silva etal. 2014 3253 1597 6624 3.251 0.001 -l
2705 1518 4819 3377 0.001 -
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Study name Statistics for each study
Odds  Lower  Upper 0dds ratio and 95% CI
ratio  limit  limit Z-value p-value
Maruo et al. 1999 0.247  0.051 1.198 -1.735 0.083
Huang et al. 2002 0.641  0.365 1.125 -1.550 0.121
Seco etal. 2002 2259 0849  6.010 1.633 0.103
Ulgenalp etal. 2003 0.762  0.337 1.720 -0.655 0.513
Takeuchi et al. 2004 5475 2569 11.670 4.403 0.000
Kanai et al. 2005 0.080  0.005 1.360 —1.748 0.081
Yusoff etal. 2005 2098 0769 5719 1.447 0.148
Babaoglu etal. 2006 0877 0379  2.028 -0.308 0.758
Muslu et al. 2006 0742 0284  1.939 —0.609 0.543
Farheen etal. 2006 11.556  3.893 34.298 4.409 0.000
Watchko et al. 2009 1.047  0.702 1.560 0.224 0.823
Agrawal etal. 2009 7.625 3.032 19176 4317 0.000
Ergin etal. 2010 32.000 10.698 95.716 6.200 0.000
Chouetal. 2011 0.759  0.493 1.167 -1.257  0.209
Sato et al. 2012 0399 0174 0912 -2.178 0.029
Tiwari etal. 2013 1307 0727 2351 0.895 0371
Tiwari etal. 2014 1704 1.062 2733 2211 0.027
Travan et al. 2014 1.000 0504  1.985 0.000 1.000
Silvaetal. 2014 2653 1.625 4332 3901 0.000
1562 1.016 2402 2032 0.042

genotypes were associated with the risk for hyperbilirubine-
mia (AG + AA vs. GG, OR=2.25, 95% Cl=1.76-2.87, P<0.0001).
For a recessive model of the A allele, the AA homozygote gen-
otype was associated with susceptibility to hyperbilirubine-
mia (AA vs. AG+GG, OR=3.47, 95% Cl =2.29-5.28, P <0.0001,
Heterogeneity=0.058) (Figure 1C). For the extreme genotype,
the AA genotype was associated with the risk for hyperbili-
rubinemia (AA vs. GG, OR=4.01, 95% Cl=2.47-6.51, P<0.0001,
Heterogeneity=0.224) (Figure 1A) (Table 3).

Quantitative synthesis showed significant differences in the
comparisons of GG vs. AA+GA (OR=2.25, P<0.0001, 95%
Cl=1.76-2.87, Heterogeneity=0.493) (Figure 1B). In addition,
comparing the A allele to the G allele in the G71R polymorphism
also showed a significant difference (OR=2.17, P <0.0001, 95%
Cl=1.74-2.72, Heterogeneity=0.555) (Figure 1D).

Nineteen studies focused on the relationships between
TATA promoter polymorphism and neonatal hyperbilirubine-
mia (Table 4). Table 4 and Table 5 list the genotyped and al-
lele distributions of the TATA promoter polymorphisms for
the cases and controls. The genotype frequencies of the TATA
polymorphisms were 63.4% (6/6), 31.0% (6/7), and 5.6% (7/7)
in controls, and 51.8% (6/6), 32.9% (6/7), and 15.3% (7/7)
in hyperbilirubinemia neonates. The (TA)7 allele frequencies
in the control group was 0.216. For allele level comparison,
the (TA)7 allele was associated with an increased risk of hy-
perbilirubinemia in terms of the frequency of allele compar-
ison ((TA)7 vs. (TA)6, OR=1.51, 95% CI=1.03-2.20, P=0.035,
Heterogeneity=89.2%) (Figure 2D). For a dominant model of the
6/6 allele, the 6/7+7/7 genotypes were associated with the risk
for hyperbilirubinemia (6/7+7/7 vs. 6/6, OR=1.56, 95%Cl=1.02—-
2.40, P=0.042, Heterogeneity=85.1%) (Figure 2B). For the 7/7
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C Figure 2. Meta-analysis of TATA promoter
UGT1A1 polymorphism and
Study name Statistics for each study neonatal hyperbilirubinemia. (A)
Odds  Lower  Upper 0dds ratio and 95% CI Comparison of 7/7 vs. 6/6; (B)
ratio  limit  limit Z-value p-value comparison of 7/7+6/7 vs. 6/6; (©
Maruo et al. 1999 0380 0.018 8227 -0.616 0.538 .
Huang et al. 2002 1779 0110 28690 0406 0.685 - comparison of 7/7 vs. 6/6+/7; (D)
Seco etal. 2002 2229 0540 9202 1108 0.268 — comparison of 7 allele vs. 6 allele.
Ulgenalp et al. 2003 1970 039  9.803 0.828 0.407 ——
Takeuchi et al. 2004 20058 4522 88979 3.945 0.000 —t—
Kanai et al. 2005 1316 0052 33145 0.167 0867
Yusoff etal. 2005 3843 0415 35602 1185 0.236 L
Babaoglu et al. 2006 0700 0157  3.126 —0.467 0.641
Muslu et al. 2006 0169 0007 4218 -1.083 0.279
Farheen et al. 2006 34000 14.887 77.652 8369 0.000
Watchko et al. 2009 1500 0820 2745 1315 0.188 &
Agrawal et al. 2009 2421 0732 8009 1449 0.147
Ergin et al. 2010 15921 0873 290392 1.868 0.062 T
Chou etal. 2011 1912 0671 5449 1213 0225
Sato et al. 2012 0283 0016 4893 —0.868 0385 i
Tiwari etal. 2013 2111 0928 4805 1781 0.075 =
Travan etal. 2014 0912 0394 2114 -2.014 0.830 il
Tiwari et al. 2014 1532 0793 2959 1269 0.205
Silva etal. 2014 2020 1057 3.862 2127 0033
2244 1285 3917 2842 0.004
>
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Travan et al. 2014 0971 0.603 12.563 -0.121 0.903
Silvaetal. 2014 1997 1420  2.809 3.974 0.000
1506  1.028  2.204 2104 0.035 ]
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allele, the homozygote genotype was also associated with hy-
perbilirubinemia (6/7 + 6/6 vs. 7/7, OR=2.24, 95% CI=1.29-3.92,
P=0.004, Heterogeneity=73.4%) (Figure 2C). For the extreme
genotype, the 7/7 genotype was associated with the risk for
hyperbilirubinemia (7/7 vs. 6/6, OR=2.71, 95% Cl=1.52-4.82,
P=0.001, heterogeneity=70.8%) (Figure 2A, Table 5). Analysis
of these studies indicated that the TATA promoter polymor-
phism also increased the risk of neonatal hyperbilirubinemia.

Discussion

Our meta-analysis showed that both UGT1A1 G71R and TATA
promoter polymorphisms are risk factors for developing hy-
perbilirubinemia in white, black and Asian neonates, which
was consistent with some previous studies but conflicted with
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others. Homozygous or heterozygous G71R and (TA)7 polymor-
phism were frequent not only in hyperbilirubinemia patients
but also in healthy subjects [27,28]. It has been reported that
the high frequency of G71R and (TA) insertion of the UGT1A1
gene are associated with a high incidence of neonatal hyper-
bilirubinemia [29-31]. Sato et al. found that the influence of
G71R polymorphism might be overcome by adequate breast-
feeding [32]. However, contrary to these findings, Mezzacappa
et al. did not find any significant effect of the variants on bil-
irubin levels among the newborns [20,33-37].

An in vitro study verified that the UGT1A1 G71R mutant could
decrease UGT1A1 enzymatic activity, which could cause mod-
erately delayed bilirubin elimination [38]. Therefore, neonates
carrying the G71R UGT1A1 variant may be at risk for hyperbil-
irubinemia [18]. However, some studies found no effect of the
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polymorphism [36,39] Therefore, the mechanism of the G71R
polymorphism requires further research [40,41].

The (TA) insertion in the promoter also has been considered be
associated with hyperbilirubinemia [42]. The A (TA7) TAA allele
was reported to be frequently present in GS [43]. The extra TA
reduced expression of the enzyme, resulting in decreased bil-
irubin glucuronidation activity [44]. The SNP could reduce the
promoter activity, which leads to unconjugated nonhemolytic
hyperbilirubinemia [45,46].

The data strongly suggest that UGT1A1 promoter (TA)7 poly-
morphism influences serum total bilirubin values by increas-
ing heme catabolism as well as decreasing bilirubin con-
jugation [23]. In analogous studies, the (TA)7 variant was
associated with modestly higher total serum bilirubin lev-
els and (TA)7 polymorphism in the promoter developed pro-
longed indirect hyperbilirubinemia [7,47,48]. However, some
other studies have failed to demonstrate a clinically signifi-
cant effect of UGT1A1 TATA promoter variations on hyperbil-
irubinemia risk [23,49], such as a southern Brazil study that
found the (TA)7 promoter polymorphism of UGT1A1 had no
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association with hyperbilirubinemia [50]. Ultimately, our re-
search showed that (TA)7 promoter polymorphism was associ-
ated with increased risk of neonatal hyperbilirubinemia. Some
studies have found a synergic effect with the (TA)7TAA pro-
moter and G71R variants on the level of plasma bilirubin [51].
By the pathway of influence of the metabolism of heme oxy-
genase, we can speculate that neonates carrying the Gly71Arg
or (TA)7TAA polymorphisms have decreased UGT1A1 activity,
which may directly or indirectly increase COHbc and decrease
serum conjugated bilirubin fractions [52].

The most important limitation of this meta-analysis is the in-
consistency of the baseline characteristics (e.g., age, sex, and
concomitant disease) between the case and control groups,
which might increase the selection bias.

Conclusions

Our meta-analysis suggests that Gly71Arg and (TA)7 promot-
er polymorphisms in the UGT1A1 gene significantly increase
risk of neonatal hyperbilirubinemia.
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