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Descriptive epidemiology, risk factors and genetic susceptibility of
urinary bladder cancer

This review focuses on the descriptive epidemiology, risk factors, and genetic susceptibility
of urinary bladder cancer, including the recent studies in Taiwan. International comparison has
shown Europe and North American are the high-incidence areas of bladder cancer. In these coun-
tries, the major risk factors of bladder cancer are cigarette smoking and occupational exposure
with attributable risk percentages in males of 50% and 35% respectively. It has been well recog-
nized that aromatic amines are the main urinary bladder carcinogens from tobacco smoke and
occupational exposure. Ionic radiation, analgesics, arsenic exposure, drinking water containing
chlorinated byproducts, S. haematobium infection, urinary infection, and dietary factors are also
attributable to an increased risk of urinary bladder cancer. Recent studies on individual suscepti-
bility showed inconsistent association with urinary bladder cancer for N-acetyl transferase (NAT),
but positive association was observed between glutathione S-transferase(GST) and bladder cancer.
The incidence of bladder cancer is comparatively low in Taiwan, but areas with unexpected high
incidence are clustered in southwestern Taiwan, especially in the endemic area of blackfoot
disease(BFD) in Paimen, Hsuechia, Putai and Ichu. Several epidemiological investigations showed
an increased incidence of bladder cancer associated with the long-term consumption of high-
arsenic drinking water. However, the mechanism of arsenic-induced urinary bladder carcinogene-
sis, as well as the interaction between individual susceptibility and environmental exposure remain
unclear. Further genetic and molecular epidemiological studies are essential for the elucidation of
the carcinogenesis of urinary bladder cancer in the BFD area. (Chin J Public Health. (Taipei):
1999;18(6):387-412)
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��

�� !"#$%&

�� !"#$%&'()* +,-

�� !"#$%& '()*+,-./

�� [139-143]�� !"#$%&'()

�� !"#$%&'#()*+,-./

�� !"#$%&'(� )*+,-.

�� !"#$%&'()1 .5�2�� 

[144-148]�� !"#$%&1123�� !
�� !"#1983�� !"#$%&'(

�� !"#$%&'()*+,-. /

�� !"#$%&'()*(�� !"
0,1-19,20-39,40-59, 60�� !"#$%&'

��1.0, 1.0, 1.1, 1.2, 1.5)[149]�� !"#

�� !"#� !$%&'()*+,-

�� !"#$%&'()*+,-./�

�� !" #$%&'()*+,� 

�� !"#$%&'()*+,-./0

�� !"#$%&'()*!"+,-.

�� !"#$%&'()*++,-*.

�� !"#$%&'()*

�� !"#$%&'()*+,-.

��� !"#$%&'()*+,[150]�

�� !"#$%&'()*+,-./0

�� !"#$%& '#$%()*+,14

�� !1982��1991�� !"�#$%

�� !"#$%&'()*+,-'.()

�� !"#$%&'()*+,-./01

�� (��1.86�� 3.92)�� !(��

2.51�� 2.20)�� (��1.60�� 1.95)

�� !(��1.42�� 1.42)�� !"#

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+",-./

�� !"#$%&'()*+,-./0

�� !"#$%&%'()*+,-./

�� !"#$%&'()*+,-.
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   �� !"#$%&'()*+,-./0

�� ! �
��

�� �
�� !

����
�� ! �������� 

�� !"# ��
1985 Chen et al. �� 1968�1982� �� !"#$%&'() SMR � �
(151) �� �� !"# �� 11.0 20.1

�� 7.7 11.2
�� !"#$%&'()*+
�� !"#$%

1986 Chen et al. �� ��� 69�� !"# �� !"#$"%&"'("
(152) �� 76�� !" �� !"#$%�&'(%�

�� 65�� !" �� !"#$%&'()*
368�� !" # �� ��!"�#$%&'(

�� !"#$%&40�� !
�� 4.1�3.0�2.0�

1988 Chen et al. �� 1973�1986� �� !"#$%&'() �� !"#$(mg/L)��<0.30�
(153) �� �� 899811 �� !1031�� 0.30-0.59��0.60�� !"#

�� �� !"#$"%"&'()
�� !"#$%&'()*+
�� !"#$%&

1989 Wu et al. �� 1973�1986� �� !"#$%&'42� �� !"#$(mg/L)��<0.30�
(154) �� �� 898806 �� 20�� !"#$% 0.30-0.59��0.60�� !"#

�� � �� !"#$%!#&!#'
�� !�"#$%&'()*
�� !"#$%

1990 Chen et al. �� 1972�1983� �� !314�� !"#$ �� !"#$%&'(%&)
(155) �� �� !"1974�1976�� �� !��"#�$%�&'

�� 83656�� !"#$ �� !"#$%&'()*+
� �� !0.1ppm�� !"#$

�� !"#$%&'()6.8�
0.7�5.3�0.9�3.9�1.1�� !
2.0�0.4�5.3�1.0�4.2�1.7�

1995 Chiou et al. �� LMN�� LMN�� !"#$%&' �Cox�� !"#$%&'(
(156) �� 1989-1995� �� !�"#$%&#' �� !"#$"%&'()*

�� 1546��BFD�� !"# �� !"#$%&'()20mg/
BFD�� �� !"#$%&'(257 L-�� !"#$%&'()*
1985-1995� �� !"#753�� !" �3.6�� !"#$%&'

�1010��
1997 Guo et al. �� 1980-1987�� ��243�� !"#$%6 �� !"#$(>0.64ppm)��
(157) �� �� !" �� !"#$%&' �� !"#$"%&'()*

�� !"#�$%&'()*
�� !"#$%&'()%&
�� !"#$%0.33-0.64ppm
�� !"#$%&'()*+
�� !"#$%&'()*+
�� !0.33-0.64ppm�� !
�� !"#$%&'()*+
�� 
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�� !"

�� !"#$%&'()*+,-.

�� !"#$% &'()*+,-.#

�� !"#$%&'()#*+,-.70
�� !"#$%&'()(*+,-./

�� !"#$%&'()*+,-.�/

�� !"#$%&'()*+",-./

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-.(stan-

dardized mortality ratio, SMR)�� !"#
�� !"#(SMR=100)�� !"#$%

�� !"� #� $�%[151]�� !

�� !SMR�� !"#$1100�� !
2009�� !"#$%&'()*+,-.

�� !"#$%&'()*+,-.!/

�� !"�#$%&'()*+,-./

�� !"#$%&'()*+,-[152-

157]�� !"#$%&'[157]�� !"

�� !"#$%&'()*+,-.%/

�� !(>0.64ppm)�� !"#$%#&

�� !"#$%&'()*+,&-./

�� !"#$%&'()*+,-)*+

�� !"[158]�� !"#$%&'()
�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-�./

�� ![159,160]�� !"#$%&'(
�� !"#$%&'()*+,-./0

�� !"#$%&'$%()*

0.42[161]�� !"#$%&'()*+,
�� !"#$%&'()*+,-.*+

�� !"�#$%&'()�*+[162]�
�� !"#$%&'()*+,-./0

�� !"#$%&'()*+",-%.

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./'

�� !"#$%&'()*+,-.#/

�� !"#$

�� !"#$%&'()*+,-.

�� !"#$%&'()*+,- ./

�� !"#$%(�� !"#)�� !
�� !"#$%&'()*+,-./0

�� !"#$%&'()*( S M R = 3 1 0 )

[163]�� !"#$%&'()*+,-

�� !"#$%&'()*+,-./0

�[164-167]�� !Tsuda�� !"#$%
��1ppm�� !SMR��3120[164]��

�� !"#$%&'()*�+,-./

�� !"#$�%&'()*+,-."

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !�"#$%&'()*+,-./

�� !"#$%&'()*+,-�+.

�� !"#$%&'()*+,-./0

�� !"#$%&'([168]�� !"#
�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,#-./

�� !"#$%&'()

�� !"#$%&'()

�� ! "#$%&'()'*+,

�� !"#$%&'()*+,-.*+

�� !"#$%"&'()%*+,-.

�� !"#$%&'()*+,-#.,

�� !"#�$%(biotransformation)�
�� !"#$%&'()*+,-./�

�� !"#$%&'()*+,-./

�� !"#(phase I)�� !"#$%&

�� !"#$%&'()*+ - O H�-

NH2� -SH�-COOH�� !"#$%&'

�� !"#$�P
450

(cytochrome P
450
�CYP)

�� !"#$(phase II)�� !"#$%

(conjugation)�� !"#$%glutathione�

�� !"#$%&'()*+,%-./

�� !"#$%&'� (glutathione S-

transferase, GST)��-�� !"#(N-acetyl

transferase, NAT)�� !"#$%(glucu-

ronidase)�� !"#$%#&'()*+

�� !"#$%&'()*+,-./

�� !"#$%&'()*+,-./�

�� !"#$%&'DNA�� !"#$

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-. /

�� !"#$%&'()*+,-./0

�� !"#$%��&'(%)*+,-
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�� !"#$%&'()*+,-NAT�� !"#$%&'(

�� !
�� ��  � �  �� !

�� / �������
����� �� !"# �� 

1986 �� Sone et al. 57�� !"# �� NAT�� !"#$%&'()
(176) 42�� !"# �� !"#18�

20�� !"# �� !"#$%7�
� �� !"#$%&'()10�
25�� 25�� !4�

NAT�� !"#$%&'()*+,-.
1989 �� Horai et al. 51�� �� NAT�� !"#$%&'()*$+,5.9%�

(177) 203�� !" 6.4%�� !"#$%&
1993 �� Hayes et al. 38�� �� NAT2�� !"
(182) 43�� �� OR=0.3  �95�CI�0.1-0.3�

��BZ�� �� NAT2�� !"#$
OR=0.5  �95�CI�0.1-1.8�

1994 �� Lee et al. 100�� �� NAT�CYPIA2�CYP2D6�� !"#$%&'
(178) 84�� �� !"#

�� !"#!$%&'()*+,-./

CYP1A2 �� !"#$
1994 �� Vineis et al. 97�� !"# �� �� !"#$%&'()*+ ,NAT2 �� 
(185) �� �� !"4-ABP�� ! OR�17.5�95�CI�2.0-

�� 153.0�� !"#$%&'()*+,!-NAT2
�� !"#$%4-ABP�� ! OR�2.3�95�
CI�0.7-7.0�

1995 �� Ishizu et al. 71�� �� NAT�� !"#$%&'()
(174) 91�� !" 28.2�� !"#$%&'14.3�� !"#$%

��

1995 �� Badawi et al. 26�� !" �� DNA �� !NAT1�� !"#$%&'( 2
(189) �� �� !NAT1*10�� !"#$�% NAT1*4�

�� �� �!DNA�� !"#$%&$'2��

1995 �� Risch et al. 189�� �� �� !"#$%&'()*NAT2�� !"#
(184) 59�� !" �� !"#

1996 �� Rothman et al. 33�BZ�� ! �� NAT2�� !"#$%&'()*+,-.�/
(187) 15�� !"# �� �� p=0.03)�� NAT2 � NAT1 �� !"#$

�� �� !"#$%&'()*'!+,-./0

1996 �� Golka et al. 196�� �� �� !"#$%&'()*+,NAT2 �� !
(179) �� !"#$%55�)�� !"#$%&'

NAT2 �� !"#$%&'("#)65��

1996 �� Gabbani et al. 46�� !"# �� �� !"#$%&'()*+,GSTM1�� 
(186) �� NAT2�� !"#$%64�� !"#$

�� !"#$%&'()*+,29��p<0.05��
�� !"#GSTM1�� !"NAT2�� !"
�� !"#$%&��!'()*+,-./0

�75��29� �p<0.05��
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�� !"#$%&'()*+,- .

�� !"#$%&'()*+,-./

�� !"#$"#%&'&"()*"+

�� !"#$%&'()*+�,%-.

�� !"#$%&'()*+[169-171]�

�� !"#$%&'()*+,-.

�� !"#NAT�� !"#$%&'(
�� !"#$%&'()*+,NAT��

�� !"#$%&'()*+,-./0

�NAT�� ,�� !"#$%&'()*
�� NAT2�� !"#$%&'()*

[172-175]�� !"#$%&'()*+,

��[176-181]�� !"#$%&'NAT2�
�� !"#$%&'()*+[182]��

1998�Brockmöller�� !18�� !"#

�� NAT2�� !"#$%&'()*+
��1.3�� [183]�� !"#$%&'(

�� !NAT2�� !"#$%&'()*
��[175,179,180-4]�� !NAT2�� !

�DNA�� !"#$%&'()*+,-

�� !"#$%&�'()*+,-.#

�[185,186]�� !"#$%&[187,188]�

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./

�� !"#$%&'()*+,-NAT1�

�� !NAT1�� !"#$%&'()*
�� !"#$%&'()*"#+,-)

NAT1�� !"#$%&#'(DNA��

�� !"#$[189]�� NAT1�� !
�� !"#(NAT1*10/NAT1*10)�� !

�� !"#$%&'()*+NAT1*10�

�� 2.4�� !"#$%&'()*+,
��[181]�� !"#$%&'"()*+

1996 �� Brockmöller 374�� �� NAT2 �� ! OR=1.32

(175) et al. 373�� �95�CI�1.0-1.8�

�� !"#$NAT2 �� ! OR=0.8
�95�CI�0.4-1.5 �

�� !"#�$NAT2 �� ! OR=1.8

(95�CI�0.8-3.7 �
�� !"#$%NAT2 �� ! OR=2.7

(95�CI�1.0-7.4 �

1997 �� Okkels et al. ��254� �� NAT2�� !"#$%&'()* OR=1.2
(180) ��242� (95�CI�0.9-1.6��

�� !"#NAT2�� !"OR �1.4

� 95�CI�1.0-1.8�� !"#$%&'#$%(
NAT1�GSTM1�� !"#$%&'()*+�

�� !"

1998 �� Martone et al. 45�� !"# �� �� !4-ABP-DNA�� !"# GSTM1�NAT2
(188) �� !"#

1998 �� Taylor et al. 230�� �� NAT2�� !"#$%&'()*+,-./,

(181) 203�� �� !"#$%&'!()*+��,-#./

NAT1*10�NAT1*10 �� !�"NAT1*10 ��

�� �!"#2.4�3.6�5.9�� !"#$%&

�NAT2�� !"#$NAT1�� !"#$%
�� !"#$%&'()*+OR=12.7�95�CI�

4.9-33.0�
4-ABP�4-Aminobiphenyl�BZ�benzidine�NAT�N-acetyltransferase
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�[187]�� !"#$%&NAT1�NAT2�

�� !�"#$%&'()*+,�NAT1
�� !"NAT2�� !"#$%&'()

�� [181]�� NAT�� !"#$%&

�� !"#

�� !"#$GST�� !"#$%

�� !"#$%&'()*+,-g l u -

tathione�� !"#$%&'()*+,-
�� !"#$1990�� !"#$%&'

�� !"#$%& ( i s o z y m e )�� 

GSTM1�GSTT1�GST Pi�[190]�GST��

�� !"#$%&'()*+!,-.

�� !"#$%&'()*+&,-./

�� !"#$%&GST Pi�� !"#$

�� !"#$%&'(!)*+,-./

�� GST�� !"#$%&'()"*
�� !"#$ !%&'$ !()*+

GSTM1�� !"#$%&'()*+,-

��[175,191-198]��Brockmöller�� !
�� !"#$%&'()'*+,-./

�� GSTM1�� !"#$%&'()*

�� !"#$%&1.6�[183]�� !"#

�� !"#$%&'()*+(GST)�� !"#$%&'

�� !
�� �� �� !"

�� / �����
������ 

�� !"# �� 

1993 �� Bell et al. 229�� �� GSTM1�� !"#$%&'()*+,
(191) 211�� �1.7 �95�CI�1.2-2.5��
1993 �� Daly et al. 53�� �� GSTM1�� !"#$%&'()*+,

(192) 52�� !" �� 1.4�95�CI�1.1-1.8�(�� !)�

58�� !" 3.8�95�CI�1.5-9.3�(�� !)�
1993 �� Lafuente et al. 75�� �� �� GSTM1�� !"#$"%&'(

(193) 75�� ��33.3%�54.6%(p<0.01)

1993 �� Zhong et al. 97�� �� GSTM1�� !"#$%&�'()*
(194) 225�� 

1994 �� Brockmöller et al. 296�� �� GSTM1�� !"#$%&'()*+,

(195) 400�� �1.4 �95�CI�1.0-2.0��
1994 �� Lin et al. 89�� �� GSTM1�� !"#$%&'()*+,

(196) 479�� �1.4�95�CI�0.9-2.1��

1995 �� Katoh et al. 83�� �� GSTM1�� !"#$%&'()*+,
(197) 101�� �2.2 �95�CI�1.2-3.9��

1996 �� Okkels et al. 234�� �� GSTM1�� !"#$%&'()*+,

(198) 202�� !" �1.33 �95�CI�0.9-1.9��
1996 �� Brockmöller et al. 374�� �� GSTM1 �� !" OR=1.6

(175) 373�� �95�CI�1.1-2.3�

1996 �� Anwar et al. 22�� !" �� GSTM1�� !" OR=17.5�
(200) �� !" �95�CI�1.6-30.6�

21�� !" CYP2D6�� !"#OR=2.4

(95�CI�0.02-9.9)
CYP2D6 � GSTM1 �� !"#$%&

1997 �� Harries et al. 71�� �� �GST P1b�� !"#$%&'()3.6

(200) 155�� !" �1.4-9.2��
GST: glutathione S-transferase
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�� !"#$%&'()*GSTM1�� 

�� !"#$%&'()17.5[199]�� 

�� !"#$%&'()*+(,-./

��(publication bias)�� [183]�� !"

�� !"GSTM1�� !"#$%&'(

�� !"#GST�� !"#$%&'(
��

Harries�� !GST �� !"#$

GST Pi �� !"#GST P1b�� !"#
�� !"#$%&'()*+,-3.6�

3.3[200]�� !"GST P1b�� !"#$

�� !"#$%&'()*+,GST P1a
�� [201]�� GST�� !"#$GST

Pi�� !"#$%&'()*+,-GST

Pi�� !"#$%&'()*+,-./
�� !"#$%&'()*+#,-(.

�� GST Pi�� !"#$%&'()*

�� !"#$%&'()*+,-./0

�� !"#$%&!'()*+,-./

�� !"#$%&'P450�� !"#$

Wolf �� CYP2D6�� !"#$%&'
�� !"#[202]�Branch�� !"#$

�� !CYP2D6�� !"#$%&'(
�� !"# [203,199]�� !"#$%

�� !"#[178]�� !"CYP1A�� 
�� !"#$[178,204]�� !"#$%
�� !"#$%&'()* +,"#

GSTM1�� !"#CYP1A�� !(��

�� !)�� !�"#$%&'()*+
��[205]�� !"#Brockmöller �� !
�� !"#$%&'�()*+,-./

�� !"#$%&CYP1A1�2E1�2D6�
2C19�GSTM1�T1�NAT2�� !"#$
�(epoxide hydrolase)�� !NAT2�� 
��GSTM1�� !"#CYP2C19�� !
�� !"#$%&'((�� !"#$%
1.3,1.6,2.7)[175]�
�� !"#$%&'()*+,-.

�� !"#$%&'()*+,-./

��(1)�� !"#$%&'()*+,-
�� !"#$%&'(')*+,-./

�� !"#$%&'()� !*+,-

�� !"#$%&'()� *+,-.

�� !"#$%&'()*+,-./0

�� !"#$%��&'()*+,-.

�(�PH�� !"#$%&')�� !"
�� !"# $%&'()*+�,-.

��(2)�� !"#$%&'()*+�

�� !"#$%&"#'%(NAT�� 
�� !"#$%&'()*+,-./0

�DNA�� !"#$%&'()*+,-

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./(3)

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-.+"

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%�&'()*+,-./

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-.'/

��

�� !"#$%&

�� !"#$%&'()*+,-.

�� !"#$% &'()*+,-./

�� !"#$%&'()*+,"#-.

�� �!"#�$%&'()*+,-.

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,$-./

�� [76,206]�� !"#$%74�� !

184�� !"#$%&'()*+,-).
�� !�"#$%&'()*+,-./

�� !"#$%&'()*+ ,-./

(OR�� !2.1�9.8)�� !"#$%&'
�� !"#�!$313�� !346�� 

�� !"#$%&'()*+,-./+

�� !"#$%&'()*+",-./

�� !"#$%&'()*+, -./

�� !"#$#%&'()*+,-./

�� !"#$%&'�()*+,�-.

�� !"#$%&'()*+,-.*/

�� !"(�� !"#$"%&'%"(

��)�� !"#$%&'()*+,-.
�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-.
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(OR:0.6)�� !"#$%&'()*+,-

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-.'/

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'( )*+,�-.

�� !"#$%&'()*+

�� !"#$%&'()*+,-.

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&�'()*+,-+.

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-�.

�� !"#$%&'()*+',-./

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%&'()*[108,207]��

�� !"#$%&'()*+,-./

�� !"#$%&'()*+,-./0�

�� !"#�$%&'()*+%,-.

�� !"#$%&'()*+�,-$.

�� !"#$%&'()*

�� !"#$%&'()*+,-.

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./

NAT2�� !"#$NAT1�� !"#

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-.� 

�� !"#$%&OR��2.34(p<0.05)�

�� !"#$%&'()*+,-.#/

�� [208]�� !"#NAT1/NAT2��

�� !"#$%&'()*+,-./(

��(modification)�� !"#$%&'(
�� !"#$%&NAT�� !"#$%

�� ![61]�� !"#$%&'()*

�� !"#$%&�'()*+,-./

�� !"#$%&'

�� !"#"$%&'()*+,-

�� !"#$%&'()*+,-./0

�� !"#$%&'()*+,-./0

�� !"#$%[209]�� !"#$%&

�� !"#$%&'()*+(p=0.04)��

�� !"#$%#&'()#&'*+#

�/�� !"#$%&'()*+,-./
�� c-erbB-2�� !"#$%�&'()

�� !"#$(61.4� vs. 49.1�)�� !

�� !"#$%&'()*+,-./0

�� !"#13�� !"#$%&'()

p53�� !"#$%&'()*+8�� 

(62�)�p53��[210]��10�� !"#$
�9�� !(90�)�� !"#2�� 175 �

�� CGC�CAC�� !"#$175��

�� !"#$%[211]�� !"#!$%
�� !"#$%&'()*+,-./

[212-215]�� !"#$%&'()175��

�� !"#$%&'phenacetin�� !"
�� ![216]�� !"#$%&'()*

�� !"#$%&'()*+,-./$

�� !"#$%"&'()*�+,-.

�� !"#$%&'() "�� !"#$

"�� !p53�� !"#$%&'()*

�� !"#$%&'()*+,-+./

�� !"#$%&'()G:C�C:G �� 
�� !"280�� !"#$%&'()*
�� !"�#$%&'()*+,-.-
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