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and bladder cancer susceptibility: a systemic review
and meta-analysis
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Abstract There is growing evidence for the important roles
of genetic factors in the host’s susceptibility to bladder
cancer. NAD(P)H:quinone oxidoreductase 1 (NQO1) is a
cytosolic enzyme that catalyzes the two-electron reduction
of quinoid compounds into hydroquinones. Since the NQO1
C609T polymorphism is linked to enzymatic activity of
NQO1, it has also been hypothesized that NQO1 C609T
polymorphism may affect the host’s susceptibility to bladder
cancer by modifying the exposure to carcinogens. There
were many studies carried out to assess the association
between NQO1 C609T polymorphism and bladder cancer
risk, but they reported contradictory results. We conducted a
meta-analysis to examine the hypotheses that the NQO1
C609T polymorphism modifies the risk of bladder cancer.
Eleven case–control studies with 2,937 bladder cancer cases
and 3,008 controls were included in the meta-analysis.
Overall, there was no obvious association between NQO1
C609T polymorphism and bladder cancer susceptibility (for
T versus C: odds ratio (OR) = 1.12, 95 % confidence
interval (95 %CI) 0.99–1.26, POR = 0.069; for TT versus
CC: OR = 1.31, 95 %CI 0.95–1.81, POR = 0.100; for TT/CT
versus CC: OR = 1.06, 95 %CI 0.95–1.18, POR = 0.304; for
TT versus CT/CC: OR = 1.29, 95 %CI 0.94–1.77, POR =
0.112). After adjusting for heterogeneity, meta-analysis of
those left 10 studies showed that there was an obvious
association between NQO1 C609T polymorphism and

bladder cancer susceptibility (for T versus C: OR = 1.18,
95 %CI 1.06–1.31, POR = 0.003; for TT versus CC: OR =
1.47, 95 %CI 1.14–1.90, POR = 0.003; for TT/CT versus
CC: OR = 1.16, 95 %CI 1.01–1.34, POR = 0.036; for TT
versus CT/CC: OR = 1.39, 95 %CI 1.10–1.75, POR =
0.006). There was low risk of publication bias. Therefore,
our meta-analysis suggests that NQO1 C609T polymor-
phism is associated with bladder cancer susceptibility.
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Introduction

Bladder cancer is one of the most common malignant dis-
eases around the world [1, 2]. Previous studies have
suggested that bladder cancer results from many exogenous
and endogenous factors, such as cigarette smoking and
occupational exposures to chemicals [2]. Though there have
been increasingly intensive researches on bladder cancer
over the past two decades, there are little considerable
advances in the understanding of the pathogenesis of blad-
der cancer [2, 3]. There is growing evidence for the impor-
tant roles of genetic factors in the host’s susceptibility to
bladder cancer [4, 5]. NAD(P)H:quinine oxidoreductase 1
(NQO1) is a cytosolic flavoenzyme that catalyzes the two-
electron reduction of quinoid compounds into hydroqui-
nones, and it has been described as an anticancer enzyme
[6, 7]. The NQO1 gene is located on chromosome 16q22,
and there are many single-nucleotide polymorphisms dis-
covered in this gene [8, 9]. NQO1 C609T (dbSNP ID:
rs1800566) polymorphism is a nonsynonymous single-
nucleotide polymorphism at nucleotide position 609 [8].
NQO1 C609T polymorphism is a C-to-T transition and re-
sults in a proline to serine amino acid substitution at codon
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187 in the protein [8]. The variant allele of NQO1 C609T
polymorphism can result in reduced enzymatic activity [10].
Compared with the wild type (CC) of NQO1 C609T poly-
morphism, the homozygous variant (TT) has only 2 to 4 %
of the quinone reductase activity [10, 11]. Since the NQO1
C609T polymorphism is linked to enzymatic activity of
NQO1, it has also been hypothesized that NQO1 C609T
polymorphism may affect the host’s susceptibility to bladder
cancer by modifying the exposure to carcinogens [6–8].
There were many studies carried out to assess the associa-
tion between NQO1 C609T polymorphism and bladder
cancer risk, but they reported contradictory results
[12–22]. In this study, we conducted a meta-analysis to
examine the hypotheses that the NQO1 C609T polymor-
phism modifies the risk of bladder cancer.

Methods

Publication search

We searched all published studies investigating the asso-
ciation between the NQO1 C609T polymorphism and
bladder cancer risk in the PubMed and Wanfang data-
bases. A literature search was conducted using the follow-
ing search terms: (“NAD(P)H:quinine oxidoreductase 1,”
“NQO1,” or “rs1800566”) and (“bladder cancer” or “blad-
der carcinoma”). Review articles and reference cited in the
searched studies were examined to identify additional
published articles. Studies included in the meta-analysis
were required to meet the following criteria: (1) case–
control design with the genotyping of individuals with
and without bladder cancer, (2) identification of bladder
cancer was confirmed histologically or pathologically, (3)
sufficient reported genotypic frequencies in both cases and
controls for estimating an odds ratio (OR) with a 95 %
confidence interval (95 %CI), and (4) the genotype distri-
bution among the controls was consistent with the Hardy–
Weinberg equilibrium (HWE). For studies with
overlapping data published by same authors, only the
most recent or complete study was included. Conference
abstracts, case reports, editorials, review articles, and let-
ters were excluded.

Data extraction

Two separate investigators reviewed and extracted the data
from all of the eligible publications independently. The
following information was extracted from each study: first
author, year of publication, country of study population,
genotyping method, genotype frequency, and HWE in the
controls. Ethnic backgrounds were categorized as
Caucasians, Asians, or others.

Statistical analysis

We evaluated the association between NQO1 C609T poly-
morphism and bladder cancer risk under the allele contrast
model (T versus C), the homozygote model (TT versus CC),
the recessive model (TT versus CT/CC), and the dominant
model (TT/CT versus CC). HWE was tested using the chi-
squared test, and it was considered statistically significant
when P<0.05. The heterogeneity of these studies was tested
by the Q statistic and was considered statistically significant
when P<0.10 [23]. The pooled OR was estimated using the
fixed-effects model when there was less heterogeneity
among those studies [24] or random-effects model when
there was obvious heterogeneity among those studies [25].
The statistical significance of the overall OR was deter-
mined using a Z test, and P<0.05 was considered statisti-
cally significant. Galbraith plot was also used to spot the
outliers as the possible major sources of heterogeneity [26].
Publication bias was assessed by a funnel plot using both
funnel plots and Egger’s linear regression test [27]. Meta-
analysis was performed using Stata version 11.0 (StataCorp
LP, College Station, TX).

Results

Characteristics of included studies

Eleven case–control studies with 2,937 bladder cancer
cases and 3,008 controls were included in the meta-
analysis [12–22]. Among those 11 studies, eight studies
were performed in the Caucasian populations [13–18, 20,
22], and the remaining three studies were performed in
Asian populations [12, 19, 21]. Most of those 11 studies
were hospital-based studies, and all 11 studies were
consistent with HWE in the controls. The number of
cases varied from 61 to 1,128 (mean 267), and the
number of controls varied from 100 to 1,123 (mean
273) [12–22].

Meta-analysis

Table 1 shows the main results in this meta-analysis.
Overall, there was no obvious association between NQO1
C609T polymorphism and bladder cancer susceptibility (for
T versus C: OR = 1.12, 95 %CI 0.99–1.26, POR = 0.069; for
TT versus CC: OR = 1.31, 95 %CI 0.95–1.81, POR = 0.100;
for TT/CT versus CC: OR = 1.06, 95 %CI 0.95–1.18, POR =
0.304; for TT versus CT/CC: OR = 1.29, 95 %CI 0.94–1.77,
POR = 0.112) (Table 1, Fig. 1). Subgroup analysis by eth-
nicity suggested that there was no association between
NQO1 C609T polymorphism and bladder cancer suscepti-
bility in Caucasians, but there was an obvious association
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between NQO1 C609T polymorphism and bladder cancer
susceptibility in Asians (Table 1).

The heterogeneity results in the meta-analysis were
also shown in Table 1. There was obvious heterogeneity
under all comparison models of this meta-analysis, and
all P values were less than 0.10 (Table 1). Galbraith plot
in the meta-analysis under the homozygote model
showed that Figueroa’s study was the outlier and may
be the possible major source of heterogeneity in this
meta-analysis (Fig. 2). After omitting Figueroa’s study,
there was no heterogeneity under all comparison models
of this meta-analysis (Table 1).

After omitting Figueroa’s study, meta-analysis of those
remaining 10 studies showed that there was an obvious
association between NQO1 C609T polymorphism and blad-
der cancer susceptibility (for T versus C: OR = 1.18, 95 %CI
1.06–1.31, POR = 0.003; for TT versus CC: OR = 1.47,
95 %CI 1.14–1.90, POR = 0.003; for TT/CT versus CC:
OR = 1.16, 95 %CI 1.01–1.34, POR = 0.036; for TT versus
CT/CC: OR = 1.39, 95 %CI 1.10–1.75, POR = 0.006)
(Table 1, Fig. 3).

Publication bias

Funnel plots and Egger’s test were performed to estimate the
risk of publication bias in this meta-analysis. It is difficult
for us to assess the asymmetry of the funnel plot under the
allele contrast model (Fig. 4). However, the P value of
Egger’s test was 0.092 and was more than 0.05, which
provided statistical evidence for the symmetry of the funnel
plot. Thus, the results above suggested that there was a low
risk of publication bias.

Table 1 Results in the meta-analysis of the association between
NQO1 C609T polymorphism and bladder cancer susceptibility

Contrast model Studies OR (95 %CI) POR PH

Total studies

T versus C 11 1.12 (0.99–1.26) 0.069 0.099

TT versus CC 11 1.31 (0.95–1.81) 0.100 0.052

TT+CT versus CC 11 1.06 (0.95–1.18) 0.304 0.124

TT versus CT+CC 11 1.29 (0.94–1.77) 0.112 0.038

Adjusting for heterogeneity

T versus C 10 1.18 (1.06–1.31) 0.003 0.467

TT versus CC 10 1.47 (1.14–1.90) 0.003 0.249

TT+CT versus CC 10 1.16 (1.01–1.34) 0.036 0.269

TT versus CT+CC 10 1.39 (1.10–1.75) 0.006 0.133

Caucasians

T versus C 8 1.02 (0.93–1.13) 0.656 0.271

TT versus CC 8 0.99 (0.75–1.30) 0.932 0.122

TT+CT versus CC 8 1.04 (0.92–1.17) 0.545 0.382

TT versus CT+CC 8 0.98 (0.75–1.28) 0.869 0.117

Asians

T versus C 3 1.22 (1.04–1.44) 0.018 0.129

TT versus CC 3 1.66 (1.19–2.33) 0.003 0.519

TT+CT versus CC 3 1.14 (0.70–1.87) 0.601 0.027

TT versus CT+CC 3 1.51 (1.13–2.01) 0.005 0.205

OR odds ratio, 95%CI 95 % confidence interval, POR P value of OR,
PH P value of heterogeneity

NOTE: Weights are from random effects analysis
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Fig. 1 Meta-analysis of the
association between NQO1
C609T polymorphism and
bladder cancer susceptibility
under the homozygote model
(random-effects model)
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Discussion

There is growing evidence for the important roles of genetic
factors in the host’s susceptibility to bladder cancer [3, 5,
28]. NQO1 is a cytosolic enzyme that catalyzes the two-
electron reduction of quinoid compounds into hydroqui-
nones [12, 19]. Since the NQO1 C609T polymorphism is
linked to enzymatic activity of NQO1, it has also been
hypothesized that NQO1 C609T polymorphism may affect
the host’s susceptibility to bladder cancer by modifying the

exposure to carcinogens. Since the original identification of
the NQO1 C609T polymorphism, a number of studies
have been published to assess the genetic effect of this
polymorphism on susceptibility to bladder cancer, but
they reported contradictory results [12–22]. Considering
these inconsistent findings, we performed a meta-analysis
on those published studies to quantify those data and
generate a robust estimate of the effect of the association
between NQO1 C609T polymorphism and susceptibility
to bladder cancer.
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meta-analysis of the association
between NQO1 C609T
polymorphism and bladder
cancer susceptibility under the
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represented a different study
included into meta-analysis)
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Eleven case–control studies with 2,937 bladder cancer
cases and 3,008 controls were included in the meta-analysis
[12–22]. Overall, there was no obvious association between
NQO1 C609T polymorphism and bladder cancer suscepti-
bility (Table 1, Fig. 1). After adjusting for heterogeneity,
meta-analysis of those remaining 10 studies showed that
there was an obvious association between NQO1 C609T
polymorphism and bladder cancer susceptibility (Table 1,
Fig. 3). Therefore, our meta-analysis suggests that NQO1
C609T polymorphism is associated with bladder cancer
susceptibility.

Heterogeneity analysis is an important part for a good
meta-analysis. We used the classical Q statistic, and hetero-
geneity was considered statistically significant when P<
0.10 [23]. The heterogeneity analysis in the meta-analysis
showed that there was obvious heterogeneity under all com-
parison models of this meta-analysis, and all P values were
less than 0.10 (Table 1). In addition, Galbraith plot in the
meta-analysis under the homozygote model showed that
Figueroa’s study was the outlier and may be the possible
major source of heterogeneity in this meta-analysis (Fig. 2).
So we excluded Figueroa’s study and reanalyzed the
remaining data. After omitting Figueroa’s study, there was
no heterogeneity under all comparison models of this meta-
analysis (Table 1), which further identified Figueroa’s study
as the major source of heterogeneity in this meta-analysis.

Subgroup analysis by ethnicity suggested that there was
no association between NQO1 C609T polymorphism and
bladder cancer susceptibility in Caucasians, but there was an
obvious association in Asians (Table 1). The results above
suggested that a race-specific effect may exist in the associ-
ation between NQO1 C609T polymorphism and bladder
cancer susceptibility. However, there were only three studies
from Asians and there were no studies from Africans. In
addition, the negative findings in Caucasians may result

from the relative small effect of NQO1 C609T polymorphism
on bladder cancer risk in Caucasians, and the data currently
available were not big enough to produce a precise estima-
tion. Therefore, more studies with large samples are need-
ed to a more precise estimation on the effect of NQO1
C609T polymorphism on bladder cancer risk in different
ethnicities.

It is well established that bladder carcinogenesis is a
result of the interactions between environmental factors
and genetic factors [29–31]. Apart from the role of genetic
variants, environmental factors also have a major effect on
the development of bladder cancer [32, 33], and there are
some gene–environment interactions in the association be-
tween NQO1 C609T polymorphism and bladder cancer
susceptibility. But the usable data from those 11 studies
were limited and we did not analyze the possible gene–
environment interactions in the association between NQO1
C609T polymorphism and bladder cancer susceptibility.
Therefore, further analyses are needed to provide a precise
estimation on the gene–environment interactions.

In conclusion, the findings from our meta-analysis sug-
gest that NQO1 C609T polymorphism is associated with
bladder cancer susceptibility. Bedsides, more studies with
large samples are needed to a more precise estimation on the
effect of NQO1 C609T polymorphism on bladder cancer
risk in different ethnicities.
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