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Table 2. RRs and 95% Cls for total prostate cancer according to quartile of energy-adjusted intake of dairy

products
Intake by quartile (median) Pirerd
Lowest (128 g/d)  Second (66.1 g/d)  Third (1652 g/d)  Highest (339.8 g/d)
Total dairy products
No, cases 60 71 83 115
Person-years of follow-u 80,805 81,640 82,137 79,066
Age-area adjusted RR (95% CI) 1.00 1.26 (0.90-1.78) 1.28 (0.92-1.79) 1.73 (1.26-2.37) <0,01
Multivariate RR (95% CI) 1.00 1.34 (0.92-1.95) 1.29 (0.90-1.86) 1.63 (1.14-2.32) 0.0
Lowest (2.3 g/d) Second (324 g/d) Third (1258 g/d) Highest (2905 g/d)
Milk
No. cases 62 (] a2 106
Person-years of follow-up 79,972 81,201 82,827 79,648
Age-area adjusted RR (95% CT) 1.00 1:26 (0.89-1.78) 139 (1.00-1.92) 1.54 (1.2-2.11) < 0.01
Multivariate RR (95% CI) 1.00 1.41 (0.97-2.05) 1.49 (1.04-2.14) 1.53 (1.07-2.19) 0.01
Lowest (19 g/d)  Second (22g/d)  Third (30 g/d) Highest (62 g/d)
Cheese
No. cases 74 98 85 73
Person-years of follow-u 83,006 77,857 81,744 81,040
Age-area adjusted RR (95% CI) 1.00 130 (096-1.77) 1.40 (1.02-1.91) 1.29 (0.93-1.79) 026
Multivariate RR (95% CI) 1.00 1.40 (1.00-1.96) 1.49 (1.06-2.09) 1.32 (0.93-1.89) 030
Lowest (1.9 g/d) Second (2.1 g/d) Third (5.2 g/d) Highest (31.5 g/d)
Y rt
%:. cases 3 66 85 105
Person-years of fnllow-ug 84,974 80,313 79,925 78,436
Age-area adjusted RR (95% CI) 1.00 0.590 {0.64-1.25) 1.13 (0.82-1.55) 1.55 (1.14-2.09) <0.01
Multivariate RR (95% CT) 1.00 093 (0.65-1.33) 1.15 (0.81-1.62) 1.52 (1.10-212) <001

NOTE: Multivariate RRs were adjusted for age, area, smoking status, drinking frequency, marital status, and intake of green tea and genistein.

versus lowest quartile of calcium of 124 (95% CI,
0.85-1.81; Pyena = 0.16) and 137 (95% CI, 0.97-1.95;
Pienda = 0.11), respectively. Intake of some specific
saturated fatty acids dose-dependently increased the risk
of total prostate cancer. Multivariable RRs for the highest
versus lowest quartiles of myristic acid and palmitic acid
were 1.62 (95% Cl, 1.15-2.29; Py.eng < 0.01) and 1.53 (95%
Cl, 1.07-220; Pieng = 0.04), respectively. Multivariate
RRs of stearic acid were attenuated when we controlled
for potential confounding factors. However, this
fatty acid did tend to increase the risk of total prostate
cancer, albeit without statistically significance (highest
versus lowest: multivariate RR, 1.35; 95% CI, 0.94-1.94;
Puend - Ul‘”»

We also analyzed the energy-adjusted intake of dairy
products, calcium, and saturated fatty acid in relation to
prostate cancer according to local staging (Table 4).
Analysis of energy-adjusted intake of total dairy products
and saturated fatty acid showed stronger associations for
localized than for total prostate cancer. The multivariate
RR for total dairy products was 1.69 (95% CI, 1.10-2.59;
Pirend = 0.02) in the highest compared with the lowest
category. Saturated fatty acid intake tended to increase the
risk of localized prostate cancer, but without statistical
significance (highest versus lowest: multivariate RR, 1.51;
95% CI; 0.98-2.31; Pyens = 0.08). No association was
observed between calcium intake and localized prostate
cancer (highest versus lowest: multivariate RR, 1.25; 95%

Cl, 0.80-197; Pyens = 0.21). Similarly, increased RR
estimates for total dairy products were also seen for
advanced prostate cancer but did not show statistical
significance because of the limited number of advanced
cases. Multivariate RR for the highest versus lowest
category was 141 (95% CI, 0.73-2.73) for total dairy
products. Intake of saturated fatty acid showed no
association with advanced prostate cancer (highest versus
lowest; multivariate RR, 1.21; 95% CI, 0.62-2.35). Results
for calcium intake in advanced cancer were not substan-
tially different to those in localized cancer (highest versus
lowest: multivariate RR, 1.14; 95% CI, 0.54-2.41). To
weaken the influence of prostate cancer detected by
prostate-specific antigen (PSA) screening, we also ana-
lyzed the association between prostate cancer and the
three items after excluding screening-detected tumors,
notwithstanding that screening information was not
available for 15% of cases.

Results for bothlocalized and advanced prostate cancer
were similar to those in Table 4 when screening-detected
prostate cancer was included, although statistical signif-
icance was lost due to the small numbers. Multivariable
RRs for the hi t versus lowest quartile were 1,81 (95%
CI, 0.88-3.71) for dairy products, 1.47 (95% CI, 0.71-3.05)
for saturated fatty acid, and 1.15 (95% ClI, 0.56-2.35) for
calcium in localized prostate cancer and 1.13 (95% CI,

Cancer Epidemiol Biomarkers Prev 2008;17(4). April 2008

933




Dairy, Saturated Fatty Acid, Calcium, and Prostate Cancer

0.50-2.54) for dairy products, 1.12 (95% CI, 0.45-2.83) for
saturated fatty acid, and 1.15 (95% Cl, 042-3.15) for
calcium in advanced prostate cancer (data not shown).

Discussion

We found a dose-dependent increase in the risk of
prostate cancer with intake of dairy products in Japanese
men. For specific saturated fatty acids, myristic acid and
palmitic acid increased the risk of prostate cancer in a
dose-dependent manner. To our knowledge, this is the
first prospective study to investigate the association
between the intake of dairy products, saturated fatty
acid, and calcium and prostate cancer in an Asian
population.

An association between dairy products and prostate
cancer has been reported in many previous papers.
Recently, two meta-analyses showed an 11% and 68%
increase in the risk of prostate cancer in the highest
category of dairy products (11) and milk consumption

(12), respectively, Our present findings support the
results of these meta-analyses. The mechanism of this
increased risk has been proposed to owe to the calcium
and fat content of dairy products, One mechanism is the
effect of calcium in suppressing circulating levels of the
active form of vitamin D (1,25-hydroxyvitamin D), or
increasing those of insulin-like growth factor-l, which
have been shown to be related to the risk of prostate
cancer (32-34). A recent meta-analysis of pr ive
studies estimated that men with a higher intake of
calcium had an increased risk of prostate cancer
compared with those with a lower intake (RR. 1.39;
95% Cl, 1.09-1.77; ref. 11). Another mechanism is that
increased fat intake might lead to increased testosterone
levels (35), and this might lead to increased cell division,
activation of proto-oncogenes, and inactivation of tumor
suppressor genes (36) and that high testosterone levels
may therefore influence prostate cancer risk (37). Find-
ings from previous epidemiologic studies examining the
intake of saturated fatty acid in relation to prostate

Table 3. RRs and 95% Cls for prostate cancer according to quartile of energy-adjusted calcium and saturated fatty

acid

Intake by quartile (median)

Prrend

Lowest (282.8 mg/d)

Second (403.6 mg/d)

Third (521.9 mg/d) Highest (7251 mg/d)

Caleium

No. cases

Person-years of follow-up
Age-area adjusted RR (95% CI)
Multivariate RR (95% CT)

56
80,438
1.00
1.00

o8
81,652
1.09 (0.76-1.55)
1.03 (0.70-1.51)

98
82,005
40 (1.00-1.95)
.32 (0.92-1.90)

107
79,554
1.43 (1.03-1.97)
1.24 (0.85-181)

Saturated fatty acid
No. cases
Person-years of follow-u
Age-area adjusted RR (95% CI)
Multivariate RR (95% CI)

Lowest (9.7 g/d)

Second (138 g/d)

Third (173 g/d)

Highest (22.9 g/d)

70
82409
1.00
1.00

77
81,945
1.13 (0.82-1.56)
1.09 (0.77-1.55)

75
80,180
1.10 (0.80-1.53)
0.99 (0.69-1.42)

107
79,114
1.53 (1.12-2.08)
1.37 (0.97-1.95)

Myristic acid (14:0)
No. cases
Person-years of follow-up
Age-area adjusted RR (95% CI)
Multivariate RR (95% CI)

Lowest (0.6 g/d)

Second (1.0 g/d)

Third (1.4 g/d)

Highest (2.0 g/d)

68
82,223
1.00
1.00

68
81,990
1.08 (0.77-1.51)
1.10 (0.77-1.58)

81
81,325
127 (0.92-1.75)
124 (0.87-1.75)

112
78,110
1.B2 (1.34-247)
1.62 (1.15-2.29)

Lowest (6.0 g/d) Second (8.1 g/d) Third (10.0 g/d) Highest (129 g/d)
Palmitic acid (16:0)
No. cases 63 82 76 108
Person-years of folIDw-ug 82,455 81,801 79,954 79,438
Age-area adjusted RR (95% CI) 1.00 1.32 (0.95-1.84) 1.22 (0.87-1.70) 1.65 (1.20-2.28) <001
ﬁb’vaﬁam RR (95% CI) 1.00 1.27 (0.89-1.82) 1.09 (0.75-1.58) 1.53 (1.07-2.20) 0.04
Lowest (2.1 g/d) Second (3.1 g/d) Third (4.0 g/d) Highest (5.5 g/d)
Stearic acid (18:0)
No, cases 65 84 82 98
Person-years of follow-u 82,497 81,801 79,858 79,491
Age-area adjusted RR (95% CI) 1.00 1.31 (0.94-1.81) 1.31 (0.94-1.82) 1.46 (1.05-2.02) 0.03
Multivariate RR (95% CI) 1.00 1.23 (087-1.74) 1.15 (0.80-1.65) 1.35 (0.94-1.94) 0.14

status, drink

NOTE: Multivariate RRs were adjusted for age, area,

-]

frequency, marital status, and intake of green tea and genistein
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Table 4. RRs and 95% Cls for prostate cancer according to quartile of energy-adjusted intake of dairy products,

caldum, and saturated fatty acid by local staging

Intake in quartile Prend
Lowest Second Third Highest

Localized prostate cancer
Total dairy products

No. cases 40 46 60 81

Multivariate RR (95% CI) 100 1.32 (0.84-2.09) 1.37 (0.88-2.12) 1.69 (1.10-2.59) 0.02
Calcium

No. cases 39 47 0 71

Multivariate RR (95% CT) 1.00 1.03 (0.65-1.62) 1.36 (0.88-2.10) 1.25 (0.80-1.97) 0.
Saturated fatty acid

No. cases 45 55 55 72

Multivariate RR (95% CI) 1.00 1.21 (0.79-1.84) 1.15 (0.75-1.78) 1.51 (0.98-2.31) 0.08
Advanced prostate cancer
Total dairy products

No, cases 19 2 22 27

Multivariate RR (95% CI) 1.00 1.30 (0.66-2.56) 1.17 (0.59-2.32) 141 (0.73-2.73) 0.37
Calcium

No. cases 15 20 26 29

Multivariate RR (95% C1) 1.00 1.13 (0.55-2.34) 127 (0.62-2,61) 1.14 (0.54-2.41) 0.72
Saturated fatty acid

No. cases o) 20 0 28

Multivariate RR (95% CI) L00 0.95 (0.49-1.83) 0.84 (0.42-1.68) 1.21 (0.62-2.35) 0.74
NOTE: Multi RRs were adjusted for age, area, smoking status, drinking frequency, marital status, and intake of green tea and genistein.

cancer are inconsistent, although dietary fat may be
related to prostate cancer risk (13). Only one prospective
and four case-control studies have reported that the
intake of saturated fatty acid increased the risk of
prostate cancer (20, 38-41).

In Japanese men, dairy products are the main source
of not only calcium but arso saturated fatty acid, with
data from a validation study in this cohort showing a
mean intake and cumulative t of 120.2 mg/d and
19.3% for calcium and 2.6 g/d and 16.0% for saturated
fatty acid, respectively (19). In a previous study, a
stronger association between saturated fat intake and
prostate cancer risk was reported among Japanese
Americans and Chinese Americans than among Blacks
and Whites (20). These findings may explain our result
that saturated fatty acid seemed to increase the risk of
localized prostate cancer. In contrast, although calcium
intake is reported to have increased the risk of prostate
cancer in many epidemiologic studies, our lack of an
association between calcium and prostate cancer may be
due to the low intake of calcium in this study: the

psitive associations in several previous studies were
imited to men with high intakes of >1,000 mg/d
(14-18), whereas average intake here was only 500 mg/d,
and only 35% consumed >1,000 mg/d. These results
suggest that saturated fatty acid may play a relatively
more important role than calcium in the incidence of
prostate cancer in Japanese, to some extent at least.
Owing to the relatively high correlation between dairy
products, calcium, and saturated fatty acid shown in this
study, however, we were unable to clarify what
component of dairy is relevant to prostate cancer.
Spearman’s correlation coefficient between the energy-
adjusted intake of dairy products and saturated fatty acid
was 0.51, that of dairy products and calcdum was 0.79,
and that of calcium and saturated fatty acid was 048,
These high correlations made it difficult to separate their
effect on prostate cancer.

With regard to specific saturated fatty acids, our
results showed that myristic acid and palmitic acid were
associated with a dose-dependent increase in risk even
after controlling for potential confounding factors. The
main saturated fatty acids in dairy products are palmitic
acid, myristic acid, and stearic acid, with palmutic acid
levels more than twice those of the others (42). Our
study accordingly showed a higher intake of palmitic
acid than myristic acid, and we expected that palmitic
acid would have the strongest relation with prostate
cancer but instead found the greatest risk with myristic
acid. Our results are supported by a nested case-control
study, which found that high serum myristic acid levels
were associated with a 2-fold increase in risk over low
levels (41). In contrast, a second prospective study
showed no association between dietary palmitic and
stearic acid and prostate cancer risk, albeit without
describing risk for myristic acid (43). In this study,
Spearman’s correlation coefficients between the energy-
adjusted intake of dairy products and myristic aad,
palmitic acid, and stearic acid were 0.76, 0.41, and 0.35,
respectively. Thus, myristic acid may well reflect the
intake of dairy products. Regarding specific saturated
fatty acids, epidemiologic and laboratory data are
sparse, and further studies on the effects of specific
saturated faHLacids are required.

It has also been suggested that a high consumption of
dairy products increases the risk of prostate cancer,
especially advanced disease (11). However, our results
for dairy products in advanced cancer were not
substantially different from those in localized cancer,
although RRs for them in advanced prostate cancer were
smaller than those in localized cancer. The difference
with some previous studies may be due to the difference
in the proportion of PSA-detected cancers. PSA-based
detection is less common in Japanese (38% in this study)
than in western populations (e.g., ~80% in the United
States; ref. 44). Giovannucci et al. (44) reported that the
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association between several risk factors and prostate
cancer in the pre-PSA era differed from these associa-
tions in the PSA era, that is, because these cancers may
have been largely diluted by the high prevalence of PSA-
detected cancers.

Given that our results were not changed after the
exclusion of screening-detected cancers, however, PSA
screening in this study may have had less effect on the
association between dairy products, calcium, and satu-
rated fatty acid and prostate cancer than in other studies.
Overall, moreover, hEe total prostate cancers in this study
may have been more aggressive than those in western
populations due to the lower PSA screening. On this
basis, the results of total prostate cancers in this study
may be similar to those for advanced cancer in western
populations. An additional reason might be the small
number of advanced cases; if 50, a larger sample size may
have detected positive effects of dairy products on
advanced prostate cancer with greater precision.

The major strengths of our study were its prospective
design that diminished the probability of recall bias,
which is inherent to case-control studies. Because the
study subjects were selected from the general population,
the response rate was high (~ 80%), and the proportion
of loss to follow-up was negligible (0.3%), the findings
can be generalized to middle-aged and elderly Japanese
men. Further, dietary information was ascertained using
a validated FFQ.

Several limitations also warrant mention. First, mis-
classification of exposure due to changes in dairy product
consumption during the study period might have
occurred because information on consumption was
obtained at one point only. If present, however, such
misclassification would probably be nondifferential and
may underestimate the true RR. Second, we could not
distinguish between regular and low-fat milk intake,
because the FFQ unfortunately did not enquire about the
kind of milk. In Japan, regular milk accounts for nearly
90% of total milk consumption (45). Although our results
showed that intake of milf-md that of a specific saturated
fatty acid increased the risk of prostate cancer, we could
not clarify the association between low-fat milk and
prostate cancer in Japanese men, notwithstanding several
previous studies that it did indeed increase risk (46, 47).
Finally, we did not consider the effect of calcium from
supplements on prostate cancer. However, the proportion
of calcium supplement users in this study was markedly
low (0.2% of total subjects), and our results were not
substantially changed after the exclusion of subjects who
used calcium supplements (data not shown).

In summary, we found that the intake of dairy
products was associated with an increased risk of
prostate cancer. Given other findings that increased
intake of dairy products may be protective for bone
health, hypertension and colorectal cancer (48), further
research 1s required to clarify the potential benefits and
risks of a high intake of dairy f :

Appendix A

Members of the Japan Public Health Center—Based
Prospective Study Group (principal investigator:
S. Tsugane): S. Tsugane, M. Inoue, T. Sobue, and
T. Hanaoka (Research Center for Cancer Prevention

and Screening, National Cancer Center, Tokyo); J. Ogata,
S. Baba, T. Mannami, A. Okayama, and Y. Kokubo
{National Cardiovascular Center, Suita); K. Miyakawa,
F. Saito, A, Koizumi, Y. Sano, I. Hashimoto, and T. [kuta
(Iwate Prefectural Ninohe Public Health Center, Ninohe);
Y. Miyajima, N. Suzuki, 5. Nagasawa, Y. Furusugi, and
N. Nagai (Akita Prefectural Yokote Public Health Center,
Yokote); H. Sanada, Y. Hatayama, F. Kobayashi,
H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe,
Y. Miyagawa, and Y. Kobayashi (Nagano Prefectural
Saku Public Health Center, Saku); Y. Kishimoto,
E. Takara, T. Fukuyama, M. Kinjo, M. Irei, and
H. Sakiyama (Okinawa Prefectural Chubu Public Health
Center, Okinawa); K. Imoto, H. Yazawa, T, Seo, A, Seiko,
F. Ito, and F. Shoji (Katsushika Public Health Center,
Tokyo); A. Murata, K. Minato, K. Motegi, and T. Fujieda
(Ibaraki Prefectural Mito Public Health Center, Mito);
T. Abe, M. Katagiri, M. Suzuki, and K. Matsui (Niigata
Prefectural Kashiwazaki and Nagaoka Public Health
Center, Kashiwazaki and Nagaoka); M. Doi, A. Terao,
Y. Ishikawa, and T. Tagami (Kochi Prefectural
Chuo-higashi Public Health Center, Tosayamada);
H. Doi, M. Urata, N. Okamoto, F. Ide, and H. Sueta
(Nagasaki Prefectural Kamigoto Public Health Center,
Arikawa); H. Sakiyama, N. Onga, H. Takaesu, and
M. Uehara (Okinawa Prefectural Miyako Public Health
Center, Hirara); F. Horii, I. Asano, H. Yamaguchi,
K. Aoki, 5, Maruyama, M. Ichii, and M. Takano (
Prefectural Suita Public Health Center, Suita); S.
Matsushima and S. Natsukawa (Saku General Hospital,
Usuda); M. Akabane (Tokyo University of Agriculture,
Tokyo); M. Konishi, K. Okada, and 1. Saito (Ehime
University, Toon); H. Iso (Osaka University, Suita);
Y. Honda, K. Yamagishi, and S. Sakurai (Tsukuba
University, Tsukuba); H. Sugimura (Hamamatsu Univer-
sity, Hamamatsu); Y. Tsubono (Tohoku University,
Sendai); M. Kabuto (National Institute for Environmental
Studies, Tsukuba); S. Tominaga (Aichi Cancer Center
Research Institute, Nagoya); M. lida, W. Ajiki, and A. loka
(Osaka Medical Center for Cancer and Cardiovascular
Disease, Osaka); S. Sato (Osaka Medical Center for Health
Science and Promotion, Osaka); N. Yasuda (Kochi
Universit}r, Nankoku); K. Nakamura (Niigata University,
Niigata); S. Kono (Kyushu University, Fukuoka);
K. Suzuki (Research Institute for Brain and Blood Vessels
Akita, Akita); Y. Takashima (Kyorin University, Mitaka);
E. Maruyama (Kobe University, Kobe); M. Yamaguchi,
Y. Matsumura, 5. Sasaki, and S. Watanabe (MNational
Institute of Health and Nutrition, Tokyo); T. Kadowaki
(Tokyo University, Tokyo); M. Noda (International
Medical Center of Japan, Tokyo); Y. Kawaguchi (Tokyo
Medical and Dental Lplniversity. Tokyo); and H. Shimizu
(Sakihae Institute, Gifu). .
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Plasma Isoflavones and Subsequent Risk of Prostate Cancer
in a Nested Case-Control Study: The Japan Public Health Center

Norie Kurahashi, Motoki Iwasaki, Manami Inoue, Shizuka Sasazuks, and Shoichiro Tsugane
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Purpose
The incidence of prostate cancer is much lower in Japanese than Western populations, Given the
preventive effects of isoflavones on carcinogenesis in the prostate in many nonhuman studies and
the high consumption of isoflavones in Japanese, this low incidence may be partly due to the
effects of soy.
Patients and Methods
We conducted a nested case-control study within the Japan Public Health Center-based
Prospective Study. A total of 14,203 men aged 40 to 68 years who had returned the baseline
questionnaire and provided blood samples were observed from 1390 to 2005, During a mean of
12.8 years of follow-up, 201 newly diagnosed prostate cancers were identified. Two matched
controls for each case were selected from the cohort. Conditional logistic regression model was
used to estimate the odds ratios (ORs) and 95% Cls for prostate cancer in relation to plasma levels
of isoflavone
Results
Plasma genistein level tended to be inversely associated with the risk of total prostate cancer
Although plasma daidzein showed no association, the highest tertile for plasma equol, a
metabolite of daidzein, was significantly associated with a decreased risk of total prostate cancer
(OR = 0.60; 95% Cl, 0.36 t0 0.99, P,,.s = .04). These inverse associations were strengthened
after analysis was confined to localized cases, with ORs in the highest group of plasma genistein
and equol compared with the lowest of 0.54 {(95% Cl, 0.29 10 1.01; Pypng = .03) and 0.43 (95%
Cl, 0.22 to 082; P,,.q = 02), respectively. Plasma isoflavone levels were not statistically
significantly associated with the risk of advanced prostate cancer

Conclusion
Isoflavones may prevent the development of prostate cancer.

J Clin Oncol 26:56923-5929, @ 2008 by American Society of Clinical Oncology

populations consume more soy products than
Western populations and that mean plasma con-
centrations of isoflavones are accordingly higher
in Japanese than those in men from the United
Kingdom'” and Finland,' this low incidence may
partly reflect the influence of isoflavones.

Although experimental studies have consis-
tently shown preventive effects of isoflavones on
prostate cancer,” data from epidemiologic studies
have been inconsistent.”'*** We previously re-
ported an association between dietary isoflavones
and prostate cancer risk among Japanese men using
data from a 5-year follow-up questionnaire in the
Japan Public Health Center (JPHC) -based Pro-
spective Cohort Study. In that study, consumption
of soy products, genistein, and daidzein was associ-
ated with a decreased risk of localized prostate can-
cer. However, we could not explore the association
between equol, which is metabolized from daidzein

INTRODUCTION

Although the incidence of prostate cancer has in-
creased in Japan, it remains less than one fifth of that
in Western countries.' Interestingly, however, the
incidence oflatent or clinically insignificant prostate
cancer in autopsy studies among men from Japan
and the United States is not substantially different.”
Moreover, migration data show that incidence in-
creases in men migrating from areas of low inci-
dence to areas of higher incidence.”* These results
suggest that the etiology of prostate cancer may in-
volve dietary, lifestyle, and environmental factors.*”

Isoflavones, which include genistein, daidzein,
and glycitein, are found in soy and soy products’ In
some experimental studies, isoflavones have dem-
onstrated protective effects against prostate cancer
development as a result of their anticarcinogenic
properties and estrogenic activity.” Given that Asian
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by intestinal bacteria and known to have stronger estrogenic activity
than daidzein,”* and prostate cancer using a food frequency ques-
tionnaire (FFQ), because approximately 30% to 50% of adults lack the
ability to metabolite daidzein to equol.” Additionally, genistein and
daidzein are absorbed as isoflavone aglycones after hydrolysis of the
glycoside by beta-glucosidases present in not only human gut bacteria
but also in foods, On this basis, the isoflavone aglycones in fermented
foods, such as miso, natto, and so on, may be more bioavailable than
their glucosides.” Thus plasma data in Japanese, who consume various
soy foods, both fermented and nonfermented, is useful with regard
to bioavailability.

We investigated the effect of isoflavones as measured in plasma
on subsequent prostate cancer in a nested case-control study withina
large prospective cohort study.

PATIENTS AND METHODS

Study Population

The JPHC study was initiated in 1990 for cohort I and in 1993 for cohort
11. Cohort 1 consisted of five Public Health Center (PHC) areas (Iwate, Akita,
Nagano, Okinawa, and Tokyo), and cohort 11 consisted of six PHC areas
(Ibaraki, Niigata, Kochi, Nagasaki, Okinawa, and Osaka) across Japan. The
study design has been described in detail previously.” This study was ap-
proved by the institutional review board of the National Cancer Center, To-
kyo, Japan. The study population was defined as all residents aged 40 to 59
years in cohort I and 40 to 69 years in cohort 11 at the start of the respective
baseline survey. In the present analysis, the Tokyo participants were not in-
cluded in data analyses because incidence data for them were not available.”
After initiation of the study, 144 patients were found to be ineligible and were
excluded because of non-Japanese nationality (n = 31), late report of emigra-
tion occurring before the stant of the follow-up period (n = 107), incorrect
birth data (n = 1), duplicate registration (n = 2), and self-reported history of
prostate cancer (n = 3), Initially, we defined a population-based cohort of
65,657 men.

Questionnaire Survey

A self-administered questionnaire, which included personal and family
medical history, smoking and drinking habits, diet, and other lifestyle factors,
was distributed 1o all eligible residents who had registered their address in the
respective PHC areas in 199010 1994. Completed questionnaires were receiverd
from 50,435 men (response rate, 77%). Dietary habits were assessed with an
FFQ of 44 food items for cohort | and 52 food items for cohort IL*

Blood Collection

Participants voluntarily provided 10 mL of blood during health check-
ups in 1990 1o 1995, Blood samples were divided into plasma and buffy layers,
and preserved at —80°C until analysis. Among respondents (o the baseline
questionnaire, a total of 14,203 men (28%) donated blood.

Follow-Up

Participants were observed from the baseline survey until December 31,
2005. Changes in residence status, including survival, were identified annually
through the residential registry in their PHC area. Among study participants,
749 patients (5.3%) moved out of their study area and 28 patients (0.2%) were
lost to follow-up during the study period.

Selection of Cases and Controls

Incidence data on prostate cancer were identified by active patient noti-
fication from major local hospitals in the study arca and data linkage with
population-based cancer registries, with permission from the local govern-
ments responsible for the registries. Cases were coded using the International
Classification of Diseases for Oncology, Third Edition. We identified 201
prostate cancer cases newly diagnosed after blood collection up to the end of
the study period among men who had returned the baseline questionnaire,
reported no history of prostate cancer, and provided blood samples. Ninety-

S84 © 2008 by Ameprnican Sociaty of Clinieal Oncology
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seven percent of cases were pathologically confirmed, and 0.5% of cases were
based on death certificate only. Amonglhe 201 cmadmtdmmre
defined by a diagnosis of extrap or cancer i 1g lymph
nodes or other organs at first diagnosis of prostate cancer. If this information
was not available, they were defined as those with a high Gleason score (810 10)
or poot differentiation. These criteria were selected to allow the identification
of advanced cases with a high likelihood of poor prognosis. The remaining
cases were argan-localized. A total of 48 advanced, 144 localized, and nine (4%
of total) cases of undetermined stage were identified.

For each case, two controls were selected from amang participants with
no history of prostate cancer when the case was diagnosed, Controls were
matched for each case by age (within 3 years), PHC area, area (city ortown and
village), date on which blood was obtained (within 60 days), time of day of
blood callection (within 3 hours), and duration of fasting at blood collection
(within 3 hours).

Laboratory Assays

Concentrations of isoflavones in the plasma samples, namely of
genistein, daidzein, glycitein and equol, were measured using triple quadru-
pole tandem liquid chromatography-mass spectrometry.™ The isoflavones
assayed were genistein, daidzein, glycitein, and equol. Beta-glucuronidase/
sulfatase was added to 0.1 mL of plasma. The aglycones of the isoflavones and
their metabolites were recovered by diethyl ether extraction, The diethyl ether
extract of the sample yous dﬂed under nitrogen flow and redissolved in aceto-
nitrile. The ioni /! pray using negative ions, and multiple
reaction mnhonng was used for mass analysis. To assure quality control
(QC), laboratary precision in this measurement was assessed twice using two
kinds of sample before and after each assay. Based on 40 replicated measure-
ments of QC samples, interbatch coefficient of variations (CV's) were = 6.08%
for genistein, = 4.06% for daidzein, = 5.48% for gycitein, and = 6.15% for
equol. QC samples used blood pooled from healthy volunteers, for which
mean concentrations were 60.1 and 103.4 ng/mL for genistein, 39.1 and 95.0
ng/mifor daidzein, 3.4 and 48.2 ng/ml for glycitein, and 15.7 and 57.1 ng/mL
for equol. Cases and matched controls were assayed in the same batch. Detec-
tion limits were less than 1.0 ng/mL for all isoflavones, All samples were
analyzed at a single laboratory (SRL, Tokyo, Japan) under blinding to case-
control status.

Statistical Analysis

Baseline characteristics between cases and controls were evaluated by the
Mantel-Haenszel procedure with matched set strata. Odds ratios (ORs) and
95% Cls for prostate cancer risk were estimated by tertile level of plasma
genistein and daidzein using a conditional logistic regression model. Tertile
cutoff points were based on the frequency distribution of controls, In analyses
for glycitein and equal, the ORs were computed according to three levels: the
first comprised study participants with below the detection limits (<
1.0 ng/mL}, whereas the middle and high leve groups comprised those with
detectable levels as equally bisected by the median detected amount. A total of
30.8% and 25.1% of cases and contrals were under the detection limit for
glycitein and 39.8% and 36.3% were under the detection limit for equol.
respectively. In this study, we defined “equol producer” as a participant in
whom plasma equol was detected (= 1.0 ng/mlL).

ORs and 95% Cls were adjusted for the following variables as potential
confounders: smoking status (never, former, and current), alcohol intake
(almost never, one to three times per month, = 1 times per week), marital
status (yes/no), tea intake (<1 cup/d, 1 to 2 cups/d, 3104 cups/d, = 5
cups/d), and intake of protein, fiber, green or yellow vegetables, and dairy food
(continuous ), These variables are either known or suspected risk factors for
cancer or had previously been associated with the risk of prostate cancer.” A
family history of prostate cancer was not to be evaluated as a potential con-
founding factor because there was only one partiapant who reported it. Be-
cause the questionnaires for cohorts | and 1l differed slightly with respect 1o
food items, method of expression, and frequency categories, adjustment
was done by calculati for cohorts I and 11 and then
analyzing the combined mull usinga fixed-effects model. The two cohorts
were not heterogeneous.

JoumyaL oF Croncas Oxcolocy

Kokuritsu Gan Center on Dewnber1&2008fr0m
inical Oncology. All rights reserved.
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Tabls 1. Baseline Charactenistics of Case and Matched Control Subjects
Case Comrol
in = 201) n = 402
Charactenstic Mean SE Mean SE
Age, years 586 64t 58.4 g6t -
Current smoker 13
No. 68 1683
% 338 406
Alcohol intake = 1-2 timeshwk 42
No 139 2810
% 69.2 724
Marial status. yes 26
No 188 364
% 938 206
Family hisiory of prostste 16
cancer, yas
No. | o
% 05 0.0
Graan tea, dally 97
No 163 323
% 811 804
Total enargy intake, kcalfdt 20850 425 20756 300 a7
Froten imake, g/d$ 635 08 618 06 06
Total fat intake, a/dt a2z a7 3 0s 22
Calcium imake, mgidt 5040 158 488.9 na2 41
Fiber intake, g/dt g4 0 91 01 .08
Milk/dairy imake, g/dt 1999 138 1940 9.8 14
Meat intake, g/d$ |/Ee 13 a74 08 37
Green-yallow vegetable 372 14 342 1.0 o8
intake, gld¥
Fruit imtake, g/dt 878 &1 882 36 97
Soy food intake, gfd$ 614 18 6053 13 72
Abbrevialions, wk, week, d, day
P for MamtelHaenszel test with matched-pair strata
tValue for age is standard deviation
tAdiusted for age and cohon

Linear trends for OR were tested using the median values of isoflavones.
All P values are two-sided, and statistical significance was determined at
P < 05. Additionally, we d the OR of cases stratified by stage
as well as that for all cases. All statistical analyses were dane with SAS software
(version 9.1; SAS Institute Ing, Cary, NC).

RESULTS

Basic characteristics of case and matched controls at baseline are listed
in Table 1. Cases tended to smoke less and to consume more protein,
fiber, green or yellow vegetables, and dairy products. Further, Table 2

shows that there were no significant differences between cases and
controls in median plasma levels of isoflavones,

Table 3 shows ORs and 95% Cls of prostate cancer risk ac-
cording to isoflavone levels in plasma. When adjusted for potential
confounding factors, genistein was inversely associated with the
risk of prostate cancer, without statistical significance (OR = 0.66;
95% CI, 040 to 1.08, for highest v lowest; P,_ . = .08). Further,
although daidzein showed no association with prostate cancer, equol,
a metabolite of daidzein, was associated with a dose-dependent de-
crease in risk (OR = 0.60; 95% CI, 0.36 to 0.99, for highest v lowest;
P4 = .M). In contrast, no association with total prostate cancer was
seen for glycitein.

When analyzed according to prostate cancer stage, however,
these associations were strengthened to statistical significance in
localized cases (Table 4): inlocalized cases, genistein was associated
with a dose-dependent decrease in risk of localized prostate cancer
(OR = 0.54; 95% CI, 0.29 to 1.01 for highest v lowest, P, s = .03),
whereas the association between equol and localized cases was
strengthened to statistical significance (OR = 0.43; 95% CI, 022 10
0.82, for highest v lowest, F,,,.., = .02). Daidzein and glycitein were
also inversely associated with the risk of localized cancer, although
without statistical significance. In contrast. no statistically significant
association was seen between plasma isoflavone and advanced pros-
tate cancer risk, ORs for the highest versus lowest group in these cases
were 1.77 for genistein, 1.64 for daidzein, 1.89 for glycitein, and 2.39
for equol.

In this nested case-control study conducted as part of the JPHC Study
in Japan, we found that high levels of genistein and equol were associ-
ated a decreased risk of localized prostate cancer, with dose depen-
dency. Median value in our highest plasma genistein tertile group
corresponded to a median dietary intake of 28.1 mg/d for genistein, as
estimated by the validation study data. This amount of genistein is
equivalent to 50 g of fermented soybeans or 100 gof tofu. Results were
similar for daidzein and glycitein, although without statistical signifi-
cance. To our knowledge, the present study is the first large study to
investigate the association between plasma isoflavones and prostate
cancer according to stage and to identify preventive effects of plasma
1soflavones on localized prostate cancer. To date, only two nested
case-control studies of prostate cancer have measured isoflavone levels
in blood directly. Low et al* showed no protective effect for circulat-
ing genistein, daidzein, glycitein, or equol in a United Kingdom pop-
ulation with low isoflavone levels (mean serum level of genistein, 4.4

Table 2. Piasma Level of Isoflavone of Cases and Controls

Case (n = 201) Control In = 402)
Isoflavone Median (ng/mL) Interquartile Range Median (ng/mlL) Interquanile Range P
Genistein 893 34817486 862 393-195.0 55
Daidzain 370 114834 355 140812 41
Glycitéin 28 1056 26 1064 28
Equel 37 1.0-165 a7 10230 10

P for Mamel-Hasnszel test with matchedpair strata

whw.jeo.org

Information downloaded from ji

R:bmm i Kokuritsu Gan Center on Decembe
Copyright ® oua'ag? American mﬂ ofbéllnicat()nmlgs‘r. All rI;gtr; reserved.

© 2008 by Amarican Socisty of Clinical Oncology

r 18, 2008 from .



Kurahashi et al

Table 3. OAs and 95% Cls of Prostate Cancer According to Plasma Level
of Isoflavane
Plasma Lavel Low Migdle High P for Trend
Genistein, ng/mL <57 57.161,7 = 1517
Canes 3 12 66
Controls 133 134 135
oR* 1.00 096 075 .15
95% Cl Refarence 06310147 04810118
QAL 1.00 090 066 08
Ss% Reference 06610143 04010108
Daidzem, ngfrml <22 228615 =616
Cases 78 58 66
Controls 132 136 135
OR* 1.00 075 083
95% CI Reference 04810115 05410128
CRt 100 084 078
95% CI Reference 056210135 04910125
Glyaitein, ng/mL. < 1.0% <39 =39
Cases 61 66 73
Controls 102 149 151
OR* 1.00 075 a8z 68
95% C1 Reference 049t01.14 05310126
ORt 1.00 076 078 51
8g% 0 Referance 047101.21 04810126
Equol, ng/mL < 10¢ < 160 = 160
Cases 78 69 53
Controls 147 126 128
OR* 1.00 1.03 Q77 16
95% Cl Reference 08Bto1564 05110117
QORt 1.00 1 060 4
96% O Reference 07110174 03610099
Abbreviation: OR, odds rato.
"Calculated for the two cohorts together
tCalculated from the weighted average of the results from separate conds
tional logistic regressions fitted to the individual cohorts. Adjusted for smoking
status, slcohol intske, marital status, and intake of green tea, protein, fiber,
and green o yellow vegetables
#Not detected.

ng/mL). Incontrast, Ozasa etal®” suggested that high serum isoflavone
(genistein, daidzein, and equol) levels tended to decrease the risk of
prostate cancer in Japanese men, with similar levels to those seen in the
present study (mean serum level genistein, 99.5 ng/mL). However,
they did not stratify by local stage and studied fewer than 100 cases.

In addition to these epidemiologic data, experimental studies in
vivo and in vitro have also demonstrated protective effects of isofla-
vones against prostate cancer development. Among these effects,
isoflavones possess weak estrogen activity, inhibit tyrosine protein
kinases, angiogenesis, and reduce serum festosterone levels,'"****
They also inhibit 5a-reductase, an enzyme that metabolizes testoster-
one to dihydrotestosterone.”® Any or all of these mechanisms may
explain the inverse association between isoflavone and localized pros-
tate cancer seen here. Moreover, these results are supported by inci-
dence data, which show a much lower incidence of prostate cancer in
Japanese, with a relatively high concentration of plasma isoflavones,
than in Western men.'

However, when analyzed by stage, our data showed that isofla-
vones had no preventive effects against advanced prostate cancer. Our
results thus were supported by the hypothesis that isoflavones may fail
to protect against advanced prostate cancer via the complete or partial
loss of estrogen receptor B (ERB) expression,””*” on the basis that the

§826 © 2008 by Amencan Socsty of Civesl Oncology
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effect of isoflavones on risk seems to involve ERB in prostate tissue.”
Additionally, they are also supported by animal studies showing a
beneficial role of a soy diet in the early stages of tumor development,
but no effect in invasive prostate cancer,**! On these bases, therefore,
isoflavones may prevent the early stages of prostate cancer develop-
ment, and then delay the progression of latent prostate cancer. This
speculation is supported by the finding that the incidence of latent
prostate cancer is the same in Japanese as in Western men, despite a
lower incidence of prostate cancer.’ Another possibility is that
advanced prostate cancer may be different from localized prostate
cancer. Consideration should also be given to the possibility of
detection bias owing to the reduction in Sa-reductase by isoflavone. ™
A reduction in Sar-reductase will decrease the value of prostate-specific
antigen® and thus might mask the presence of prostate cancer, Isofla-
vanes might therefore have no effect on the detection of advanced
cases because of their substantially high prostate-specific antigen val-
ues. Nevertheless, because the number of advanced cases was small,
the occurrence of this result by chance cannot be ruled out.

Of note, our present results for plasma isoflavone levels are sim-
ilar to those we previously obtained in the JPHC Study using an FFQ.*
It is particularly meaningful that a similar association was shown
between the long-term intake of isoflavones versus plasma concentra-
tions obtained at a single time point, notwithstanding their short half
lives of 8.4 hours for genistein and 5.8 hours for daidzein.** In a
validation study using subsamples in the JPHC Study, Spearman’s
correlation coefficients for daidzein and genistein between intakes
from the questionnaire and from serum concentrations were 0.31 and
0.33, respectively.** Further, our present results did not substantially
change when we excluded participants who provided a nonfasting
blood sample, within 6 hours of eatinga meal {data not shown). Blood
concentrations might be maintained in Japanese by frequent habitual
intake of isoflavone-rich foods.

Inthis study, each isoflavone showed a different effect on prostate
cancer. Several experimental studies have reported that genistein may
have greater estrogenic activity than daidzein.*** Daidzein is metabo-
lized to equol, which is known to have more estrogenic potency and
greater affinity for ERB than daidzein.”***** A previous epidemio-
logic study reported that the highest serum equol level was associated
with a statistically significant 60% decrease in total prostate cancer risk
among Japanese men.”” In contrast, our study showed no preventive
effect of glycitein on prostate cancer, although several experimental
studies have reported that glycitein has weak estrogenic activity'” and
plays a role in the modulation of tyrosine kinase activity.** Low et al**
also reported that serum glycitein is not associated with prostate can-
cer (OR = 1.08). Nakamura et al** estimated daily intake of isofla-
vones from soy products by Japanese of 13.48 mg/d for genistein,
12.02 mg/d for daidzein, and 2.30 mg/d for glycitein, In our study,
plasma glycitein levels were much lower than those of other isofla-
vones. Glycitein may fail to prevent prostate cancer because of its small
amount in food or blood. These previous and present studies thus suggest
it is plausible that isoflavones have different effects on prostate cancer.

Several limitations in the interpretation of our findings should be
considered. First, plasma isoflavone levels were measured only once.
As mentioned above, however, the frequent intake of isoflavone-rich
foods by Japanese may keep plasma levels stable. In addition, because
our study participants were restricted to those who participated in the
baseline health check-up survey, any generalization of our results
should be done with caution.™
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Table 4. ORs and 55% Clis of Prostate Cancer According to Plasma Level of Isoffavone by Stage
lsoflavone and Stage Low Midgdle High Pior Trand
Localizad prostate cances
Ganistain
Casas 54 65 35
Cantrols L 9% 93
oR* 1,00 1.00 081 04
95% CI Asference 0611w 1.64 0.3610 1.04
ORt 1.00 098 054 o3
a5% Cl Retarance 056810 1,72 02910101
- Dajdzein
| Cases/cantrols 5996 4337 A2/9%5
| Controls
oR* 1.00 070 a7 24
46% Ci Retarance 043tn 1.16 04210118
OR? 1.00 087 083 12
95% CI Reference 04810 158 03510113
Glycitein
Casesfcontrols 45/(758 43 50
Controls 105 108
DR* 1.00 078 077 50
95% C! Refarence 04810 1.28 04710127
ORt 1.00 0.70 078 &8
a5% Ci Reference 04010123 04510138
Equel
Cases/controls 6211068 46 26
Cantrols 50 93
OR* 1.00 085 0,66 1
85% Cl Reterence 0521w 140 0.4010 1.08
ORT 1.00 0.78 043 02
95% CI Refarance 04310133 02082
Advanced
Genistein
Casesicontinls 16534 17 18
Controls 32 30
OR* 1.00 1.23 1.25 67
95% Ci Retarence 05110295 04910319
ORt 1.00 1.25 .77 47
95% CI Reterence D33104.79 04210741
Daidzein
Casas/controls 1331 16 19
Controls 3 34
OR* 1.00 1.28 142 45
95% CI Refarance 06110322 05510368
ORt 1.00 0.88 184 48
95% CI Reterance 0.25103.68 03410787
Glycitain
Cases/controls 12/23% 15 21
Controls 38 37
OoR* 1.00 084 112 62
95% C! Aefarance 0.35102.03 04416287
ORt 1,00 137 1.89 34
95% Ci Relerence 02410 7.75 0321011.33
Equel
Cases/controls 14/3912 18 18
Caontrols 29 28
OR* 1.00 1.67 1.51 49
95% C! Reterence 0.72163.85 06510350
ORt 1.00 248 239 50
95% CI Relerence 06610929 0.6510 10.32
Abbreviation: OR, odds ratio
*Calculated for the two cohorts together
tCalculated from the weighted average of the results from separate conditional logistic regressions fitted to the indvidual cohorts. Adjusted for smoking status,
alcohol intake, marital status, and intake of green tes, protsin, fiber, and gresn o yellow vegetables
$Not detected
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In summary, we found that plasma genistein and equal levels
were inversely associated with the risk of localized prostate cancerina
nested case-control study in Japan. These findings suggest that these
compounds may be protective against the development of prostate

cancer.
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Coffee, green tea, and caffeine consumption and
subsequent risk of bladder cancer in relation to
smoking status: a prospective study in Japan
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Coffee and caffeine consumption are thought to increase the risk of
bladder cancer. However, few studies have stratified this risk by
smoking status, which is a potential confounder. Here, we investigated
the association between coffee, green tea (another major source of
caffeine), and caffeine, and bladder cancer incidence in relation
to smoking status. We conducted a population-based prospective
study in a cohort of Japanese, comprising a total of 49 566 men and
54 874 women aged 40-69 years who reported their coffee and
green tea consumption at baseline. During follow-up from 1990
through 2005, 164 men and 42 women were newly diagnosed with
bladder cancer. Cigarett king was associated with an increased
risk of bladder cancer, with a strong dose—response relationship.
Coffee was positively associated with bladder cancer risk in men,
without statistical significance. When stratified by smoking status,
coffee and caffeine consumption were associated with an increased
risk of bladder cancer in never- or former-smoking men, with hazard
ratios (95% confidence interval) in the highest categories of coffee
{one or more cups per day) and caffeine consumption compared
with the lowest of 2.24 (95% Cl = 1.21-4.16) and 2.05 (95% CI = 1.15-
1.66), respectively. In conclusion, cigarette smoking was confirmed
as a risk factor for bladder cancer. Coffee and caffeine may be
associated with an increased bladder cancer risk in never or former
k laj men. (Cancer Sd 2008)

he incidence of bladder cancer is increasing slightly

worldwide, particularly in industrial countries, including
Japan."#" Many epidemiological studies have suggested that
bladder cancer is influenced by environmental factors, such as
smoking, exposure to industrial chemicals, and several lifestyle
factors.” While the Intemational Agency for Rescarch on
Cancer (IARC) reported that coffee is a possible carcinogenic
agent (group 2B) in bladder cancer, it could not exclude the
possibility that this was due to bias or confounding.” In a recent
meta-analysis, Zeegers ef al. demonstrated a small elevated risk
(20%) of bladder cancer for current coffee drinkers,” and a
pooled analysis of 10 case-control studies in European countries
found that heavy coffee consumption showed a positive
association with bladder cancer among non-smokers. However,
most of these previous studies were conducted in Western
countries; and of the five conducted in Asian populations,
results have been inconsistent: a prospective study in Japanese-
Americans reported that coffee consumption increased the risk
of bladder cancer albeit without a dose-response,” two case-
control®® and a prospective study” smong Japanese people
found that the relative risk of coffee drinking was insignificant;
while a case-control study in Japanese-American women
showed an inverse association with coffec consumption.""
These findings indicate that the relationship between coffee
consumption and bladder cancer in Asian populations is largely
unknown.

dok; 10.1111/].1349-7006.2008.01027.x
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Caffeine, which is contained in coffee, has been suggested to
contribute to the increased risk of bladder cancer, although its
carcinogenicity or otherwise in humans has not been classified
(group 3)." In Asian populations, green tea is a major source of
caffeine, but only three studies have investigated the association
between green tea and bladder cancer, and their results are
inconsistent. %

Given that Asian populations have a low incidence of bladder
cancer, and that their coffee and green tea consumption habits
and amounts differ by geographic area, an understanding of the
relationships between coffee, green tea or caffeine consumption
and bladder cancer among Asian populations should
be useful. Moreover, the distribution of phenotypes of N-
acetyltransferase,"*'” which metabolizes caffeine, differs
between Asian and Caucasian populations."* The effect of coffee,
green tea, or caffeine on bladder cancer in Asian populations
may therefore differ from that in other populations.

Here, we analyzed the association between coffee, green tea,
or caffeine consumption, and bladder cancer in a population-
based prospective study in Japan. In addition, we explored these
associations by smoking status, which is a known confounder
between them,

Materials and Methods

study population. The Japan Public Health Center-based
Prospective Study (JPHC study) started in 1990 for Cohort T and
in 1993 for Cohort II. The study design has been described in
detail previously."™” Cohort I consisted of five Public Health
Center (PHC) arcas (Iwate, Akita, Nagano, Okinawa, and
Tokyo), and Cohort I1 of six PHC areas (Ibaraki, Niigata, Kochi,
Nagasaki, Okinawa, and Osaka) across Japan. When analyzing
the present data, we excluded all subjects in Tokyo, whose
incidence data were not available. As a whole, this cohon
consisted of 133 323 men and women aged 40-69 years at
baseline who registered in the study areas. After excluding 239
subjects with non-Japanese nationality (n=51), late report of
emigration occurring before the start of the follow-up period
(n = 178), incorrect birth date (n = 6), and duplicate enrollment
(n =4), a population-based cohort of 133 084 subjects (65 660
men and 67424 women) was established. This study was
approved by the institutional review board of the National
Cancer Center, Tokyo, Japan.

Baseline survey. A self-administered questionnaire, which
included information on coffec and green tea consumption,
smoking history, medical history, and other lifestyle factors, was
distributed to all registered residents at baseline, A total of

"To whom correspondence should be addressed. E-mail: nkurahas@ncc.gojp
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106 326 subjects returned valid responses (response rate 80%).
After excluding subjects with self-reported bladder cancer at
baseline (11 persons) and incomplete data on coffee and green
tea consumption, 104 440 subjects (49 566 men and 54 874
women) were included in analysis.

Information on coffee or green tea consumption was obtained
in terms of frequency and amount of intake in six categories:
almost none, 1-2 times/week, 3—4 times/week, 1-2 cups/day,
3—4 cups/day, and 25 cups/day. Based on the distribution in each
category, we divided categories of coffee into the following
four categories in men: almost none, 14 times/week, 1-2 cups/day,
and 23 cups/day. The type of coffee consumed (decaffeinated or
caffeinated) was not included in the questionnaire, because
decaffeinated coffee is rarely consumed in Japan. Similarly,
green tea consumption was divided into the following four
categories in men: <| cup/day, 1-2 cups/day, 3—4 cups/day, and
25 cups/day. For women, we classified coffee and green tea
consumption by three categories because of the small numbers
of cases, Caffeine consumption was summed as the total amount
contained in coffee, green tea, black tea, and Chinese lea.
Caffeine consumption from each was calculated by multiplying
the amount per cup by the quantity of caffeine per cup for each
beverage. Amount per cup for cach beverage was determined as
the median value in a validation study among subsamples using
28-day dietary records,’® and found to be 150, 140, 150, and
120 mL in men, and 120, 130, 150, and 120 mL in women
for coffee, green tea, black tea, and Chinese tea, respectively.
Quantity of caffeine per cup for each beverage was taken
from the fifth revised edition of the Standard Tables of Food
Composition in Japan.'”

The validity of coffee or green teac ption was
among subsamples using 28-day dietary records. Spearman’s
correlation coefficients between coffee or green tea consumption
from the questionnaire and from dietary records in men and
women were 0.42 and 0.38 (Cohort I) and 0.59 and 0,51 (Cohornt
1) for coffee, respectively, and 0.57 and 0.63 (Cohort 1) and
0.37 and 0.43 (Cohort 1I) for green tea, respectively.'™

Follow-up. We followed subjects from the baseline survey
until 31 December 2005. Changes in residence status including
survival were identified annually through the residential registry
in each area or, for those who had moved out of the study area,
through the municipal office of the area to which they had
moved. Generally, mortality data for residents included in the
residential registry are forwarded to the Ministry of Health,
Labour and Welfare and coded for inclusion in the National
Vital Statistics. Residency and death registration are required by
the Basic Residential Register Law and Family Registry Law,
respectively, and the registries are believed to be complete.
Among the study subjects, 8897 (8.5%) died, 5892 (5.6%)
moved out of the study area, and 413 (0.4%) were lost to follow-
up during the study period.

The occurrence of cancer was identified by active paticnt
notification from major local hospitals in the study area and data
linkage with population-based cancer registries, with permission
from the local governments responsible for the registries. Cases
were coded using the Intemational Classification of Diseases for
Oncology, third edition (ICD-0-3), Death certificate informa-
tion was used as a supplementary information source, with 4.4%
of cases of bladder cancer first notified by death certificate (DCN).
The proportion of case patients with bladder cancer ascertained
by death certificate only (DCO) was 1.9%. The monality/inci-
dence ratios were 0.19 for bladder cancer and 0.36 for all cancer
except skin. These results were considered to be of adequate
quality for the present study based on the intemational standard."®

For the present analysis, the earliest date of diagnosis was
used in cases with multiple primary cancers at different times.
A total of 206 newly diagnosed bladder cancer cases (164 men,
42 women) were identified by 31 December 2005.

1

Statistical analysis. Person-years of follow-up were calculated
for each person from the date of completion of the baseline
questionnaire to the date of bladder cancer diagnosis, the date
of emigration from the study area, or the date of death, whichever
came first; or if none of these occurred, follow-up was
through to the end of the study period (31 December 2005).
Subjects who were lost to follow-up were censored at the last
confirmed date of presence in the study area. The hazard ratios
(HRs) of bladder cancer were calculated in four categories
for coffee and green tea or in quartiles for the categories of
caffeine consumption, with the lowest consumption category
as the reference. HRs and 95% confidence intervals (Cls)
were calculated by the Cox proportional hazards model
according to the SAS PHREG procedure (Version 9.1; SAS
Institute, Cary, NC, USA). Covariates used in the model were
age at enrollment, study area (10 PHC areas), smoking status
(never, former [<10, 10-19, and 220 years since cessation of
smoking], current [1-19, 20-29, 30-39, 4049, and 250 pack-
years, defined by multiplying the years of smoking by the
average number of cigarettes divided by 20] in men and never,
former, current [<25 and 225 pack-years] in women), alcohol
consumption (non- or occasional drinkers, 1-150, 2150 g/week),
green tea, and coffee consumption. Moreover, we also calculated
the HRs of bladder cancer for combined categories of coffee,
green tea, or caffeine consumption and smoking status, and tested
statistical interactions using the differences between two
likelihood ratios of the models with and without the interaction
terms between coffee, green tea, and caffeine consumption and
smoking status. Interaction terms were generated by multiplying
the ordinal of these consumption categories by ordinal smoking
categories (never, former, or current smokers).

P-values for trends for coffee, green tea, and caffeine
consumption were calculated by treatment as ordinal variables
in the proportional-hazards model. All P-values are two-sided,
and statistical significance was determined at the P < 0.05 level.

Results

During 1314 586 person-years of follow-up (average 12.6 years)
of 104 440 subjects (49 566 men and 54 874 women), 164 men
and 42 women were newly diagnosed with bladder cancer.

Baseline characteristics of subjects according to coffee and
green tea consumption are shown in Table 1. Both men and
women with high coffee consumption were younger than those
who hardly drank. The proportion of current smokers increased
as coffee consumption increased in both men and women. As
coffee consumption increased, alcohol intake decreased in
men and increased in women. Subjects with higher green tea
consumption tended to be older, drink less alcohol, and consume
less coffee in both men and women. The proportion of current
smokers increased as green tea consumption increased in men,
whereas that in women was high in both the lowest and highest
categorics of green tea consumption. As expected, caffeine
consumption increased as coffee and green tea intake increased.

Results for smoking status at baseline in relation to bladder
cancer risk are showed in Table 2. Cigarette smoking was asso-
ciated with an increased nsk of bladder cancer, with a strong
dose-response relationship in both men and women. Moreover,
no increased risk was observed in men who had given up smok-
ing for 10 or more years.

Table 3 shows hazard ratios of bladder cancer in relation to
coffee, green lea, and caffeine consumption among men, Most
daily caffeine intake was derived from coffee (53%) and green
tea (40%) in men. Although coffee drinking was associated with
a marginally statistically significant increase in bladder cancer
risk (age- and arca-adjusted HR for men who drank = 3 cups/day
vs men who hardly drank was 171, 95% CI=0.99-2.96;
P,..a=0.01), the results were attenuated after further adjustment

dol: 10.1111/).1349-7006.2008.01027 x
© 2008 Japanese Cancer Association




Table 1. Baseline characteristics of study subjects according to coffee and green tea intake category

Coffee intake Green tea intake
Almost none  1-4 times'week 1-2 cups/day 23 cupsiday <1 cupiweek 1-2 cups/day 34 cups/day 25 cups/day
Men
Number of subjects 14 929 14 600 12 966 7on 12 868 11679 13092 11927
Proportion (%) 30.1 295 261 143 26.0 236 264 24.0
Age (years, mean) = 5D 537+78 521278 506:79 48373 497:74 50779 523+8.1 539+78
Current smokers (%) 433 497 55.9 ns3 51.4 52.9 51.7 54.1
Regular drinkers (%) 68.7 B85S 688 623 66.4 716 69.1 638
Coffee intake (%), daily - - - - 42.9 476 404 08
Green tea intake (%), daily 75.3 749 745 68.7 - - - -
Caffeine Iintake (g, mean) +SD  0.09 £+ 0.06 0.12+0.06 0214006 043:009 013+013 016+0.12 0204092 023£0.2
Women
Number of subjects 17 509 15 968 15994 5403 13 441 11492 15316 14 625
Proportion (%) 31.9 291 29.1 9.9 245 20.9 27.9 26.7
Age (years, mean) £ 5D 55.0+ 7.7 522+78 498+75 473267 49.8:74 508179 S27+82 539179
Current smokers (%) a4 44 76 18.0 7.8 6.5 54 7.1
Regular drinkers (%) 86 10.5 15.8 19.6 127 136 121 13
Coffee intake (%), daily - - - - 433 48.8 384 279
Green tea Intake (%), daily 76.8 77 75.0 66.2 - - - -
Caffeine intake (g, mean) £ SD  0.09 £ 0.06 0.1 £ 0.06 0.194005 035:008 010+0.10 0.13+0.09 0.17+008 0.191009
Table 2. Hazard ratios (HRs) and 95% confidence intervals (Cls) of bladder cancer in relation to smoking
Number of cases Person-years of follow up HR' (95% CI) HR' (95% C1)
Men
Never smoker 26 147 111 1.0 (reference) 1.0 (reference)
Former smoker 42 143 910 132 (0.80-2.16) 1.28 (0.78-2.11)
Current smoker 92 316526 1.69 (1.09-2.63) 1.46 (0.92-2.31)
Poot 0.01 0.10
Never smoker 26 147 11 1.0 (reference) 1.0 (reference)
Years since cessation of smoking In former smokers
<10 29 72 905 1.88 (1.10-3.21) 1.82 (1.06-3.13)
10-19 7 48 324 0.71 (0.31-1.63) 0.69 (0.30-1.60)
220 [ 22 682 0.98 (0.40-2.40) 0.98 (0.40-2.38)
Pack-years In current smokers
=20 9 55910 1.14 (0.53-2.44) 0.85 (0.37-1.98)
20-29 16 83 959 139 (0.74-2.61) 1.32 (0.70-2.49)
30-39 20 77819 1.39 (0.77-2.50) 1.23 (0.67-2.26)
40-49 22 45221 2.24 (1.26-3.99) 1.94 (1.06-3.56)
250 24 46 178 2.61 (1.49-4.56) 2.24 (1.24-4.04)
Pt <0.01 0.04
Women
Never smoker 26 147 111 1.0 (reference) 1.0 (reference)
Former smoker 0 10 764 - -
Current smoker 9 43 315 545 (2.56-11.61) 6.53 (3.02-14.11)
Pack-years in current smokers
<25 7 28 118 6.91 (3.00-15.93) 8.30 (3.55-19.43)
225 2 12433 4.06 (0.96-17.17) 5.27 (1.23-22.64)
Prrend <0.01 <0.01

'Adjusted for age (continuous) and area (10 public health center areas).

*Adjusted for age (continuous), area (10 public health center areas), alcohol drinking (non- or occasional drinkers, 1-150, x150 g/week), green tea
(<1, 1-2, 3-4, 25 cups/day), and coffee (almost none, 1-4 times'week, 1-2, 23 cupsiday).

for smoking status, alcohol drinking, and green tea consumption
(multivariate HR = 1.37, 95% C1=0.75-2.51; P,_,=0.09). In
contrast, green tea and caffeine consumption were not associ-
ated with bladder cancer, and HRs did not change substantially
after adjustment for all potential confounding factors,

Table 4 presents the association between coffee, green tea,
and caffeine consumption and bladder cancer in women. The

Kurahashl et al

proportions of coffee and green tea in caffeine were similar
in women (43.3% for coffee and 46% for green tea). Coffee
consumption tended to decrease the risk of bladder cancer in
women who drank one or more cups of coffee per day (multi-
variate HR =0.35, 95% CI =0.23-1.33). In contrast, green lea
dose-dependently increased the risk of bladder cancer in
women. Multivariate HR for women who drank 5 or more cups
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Table 3. Hazard ratios (HRs) and 95% confidence intervals (Cis) of bladder cancer in relation to consumption of coffee, green tea, and caffeine

in men

Category of intake

Coffee

Almost none

1-4 timesiweek

1-2 cups/day

23 cups/day

Number of cases
Person-years of follow up
HR' (95% CI1)

HR* (35% CI)

Number of cases

Person-years of follow up
HR?' (95% CI)
HR* (95% CI)

50

185 405

1.0 (reference)
1.0 (reference)

52

183 367

1.23 (0.83-1.82)
1.26 (0.84-1.88)

43

157 544

1.60 (1.05-2.43)
1.53 (0.98-2.37)

Green tea

19

83713

1.71 (0.99-2.96)
137 (0.75-2.51)

<1 cupiday

1-2 cups/day

3-4 cups/day

25 cups/day

33

161 557

1.0 (reference)
1.0 (reference)

39

140218

1.13 (0.70-1.82)
1.18 (0.73-1.91)

39

158 952

0.83 (0.51-1.33)
0.71 (0.43-1.18)

Caffeine (median, mg/day)

53

149 301

0.99 (0.63-1.56)
0.90 (0.56-1.45)

Lowest (0.04)

Second (0.13)

Third (0.18)

Highest (0.32)

Number of cases
Person-years of follow up
HR' (85% ClI)

HRY (95% C1)

47

177 874

1.0 (reference)
1.0 (reference)

34

142 138

0.72 (0.46-1.13)
0.67 (0.42-1.08)

a3

132 876

1.24 (0.82-1.89)
1.23 (0.80-1.89)

40

157 140

1.26 (0.82-1.94)
1.05 (0.66-1.67)

'Adjusted for age (continuous) and area (10 public health center areas).

'Adjusted for age (continuous), area (10 public health center areas), smoking status (never, former [<10, 10-19, 220 years since cessation of
smoking], current [<20, 20-29, 30-39, 40-49, 250 pack-years)), alcohol drinking (non- or occasional drinkers, 1-150, 2150 g/week), and green tea
(=1, 1-2, 3-4, 25 cups/day).

*Adjusted for age (continuous), area (10 public health center areas), smoking status (never, former [<10, 10-19, 220 years since cessation of
smoking], current [<20, 20-29, 30-39, 40-49, >50 pack-years]), alcohol drinking (non- or occasional drinkers, 1-150, 2150 g/week), and coffee
(almost none, 1-4 timesiweek, 1-2, 23 cupsiday).

*Adjusted for age (continuous), area (10 public health center areas), smoking status (never, former [<10, 10-19, 220 years since cessation of
smoking], current [<20, 20-29, 30-39, 40-49, 250 pack-years]), and alcohol drinking (non- or occasional drinkers, 1-150, 2150 g/week).

Table 4. Hazard ratios (HRs) and 95% confidence intervals (Cls) of bladder cancer in relation to consumption of coffee, green tea, and caffeine

in women
Coffee
Category of intake r——— —e
Almost none 1-4 times/week 21 cups/day Pt
Number of cases 19 15 8
Person-years of follow up 226 689 207 355 270514
HR" (95% Cl) 1.0 (reference) 1.09 (0.55-2.16) 063 (0.26-1.52) 038
HR* (95% Cl) 1.0 (reference) 1.03 (0.51-2.07) 0.55 (0.23-1.33) 0.23
Green tea

<3 cups/day 3-4 cups/day 25 cups/day Fosa
Number of cases 12 9 21
Person-years of follow up 324123 193 066 187 369
HR' (95% CI) 1.0 (reference) 1.10 (0.45-2.68) 2.21 (1.05-4.66) 0.03
HRS (95% C1) 1.0 (reference) 122 (0.49-3.00) 2.29 (1.06-4.92) 0.03

Caffeine (median, mg/day)

Lowest (0.05) Middle (0.13) Highest (0.24) Pl
Number of cases 18 12 12
Person-years of follow up 260 765 227 409 216 383
HR" (35% Cl) 1.0 (reference) 0.84 (0.40-1.76) 1.23 (0.58-2.61) 0.68
HRY (85% CI) 1.0 (reference) 0.88 (0.42-1.86) 1.13 (0.52-2.48) 0.81

‘Adjusted for age (continuous) and area (10 public health center areas).
‘Adjusted for age (continuous), area (10 public health centers), smoking status [never, former, current smokers (<25, 225 pack-years)], alcohol
drinking (non- or occasional drinkers, 1-150, 2150 g/week), and green tea (<1, 1-2, 3-4, 25 cups/day).
SAdjusted for age (continuous), area (10 public health centers), smoking status [never, former, current smokers (<25, 225 pack-years)), alcohol
drinking (non- or occasional drinkers, 1-150, 2150 g/week), and coffee (almost none, 1-4 timeshweek, 1-2, 23 cupg/day).
YAd]justed for age (continuous), area (10 public health centers), smoking status [never, former, current smokers (<25, 225 pack-years)], and alcohol
drinking (non- or occasional drinkers, 1-150, 2150 g/iweek).
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Table 5. Hazard ratios (HRs) and 95% confidence intervals (Cis) of bladder cancer in relation to ption of coffee, green tea, and caffeine
in men by smoking status
Coffee

Category of intake

Almost none 1-4 timesiweek 21 cups/day Proens | =S
Never smoker
Number of cases 6 9 1n
HR' (95% CI) 1.00 (reference) 1.89 (0.67-5.32) 2.48 (0.88~7.05) 0.09 0.25
Former smoker
Number of cases 13 13 16
HR' (95% Q) 1.00 (reference) 1.25 (0.58-2.71) 2.09 (0.96-4.54) 0.07
Never/Former smoker
Number of cases 19 22 7
HR' (95% Q1) 1.00 (reference) 1.47 (0.79-2.72) 2.24 (1.21-4.18) 0.01
Current smoker
Number of cases 29 30 33
HR' (95% CI) 1.00 (reference) 1.11 (0.65-1.90) 1.13 (0.65-1.97) 0.67

Green tea
Category of intake <3 cups/day 3-4 cupsiday 25 cups/day P Pt
Never smoker
Number of cases 13 6 7
HR' (95% ClI) 1.00 (reference) 0.81 (0.30-2.19) 0.85 (0.31-2.32) 0.72 0.42
Former smoker
Number of cases 14 12 16
HR' (95% C1) 1.00 (reference) 1.17 (0.53-2.56) 1.40 (0.67-2.95) 038
Never/Former smoker
Number of cases 7 18 23
HR* (95% C1) 1.00 (reference) 0.98 (0.53-1.79) 1.14 (0.63-2.04) 0.68
Current smoker
Number of cases 14 18 30
HR* (95% CI) 1.00 (reference) 0.44 (0.24-0.80) 0.62 (0.37-1.04) 0.05
Caffeine (median, mg/day)

Category of intake Lowest (0.06) Middle (0.15) Highest (0.28) P P iciten
Never smoker
Number of cases 12 6 8
HR* (95% C1) 1.00 (reference) 0.95 (0.35-2.58) 1,66 (0.66-4.20) 0.33 0.04
Former smoker
Number of cases 13 13 16
HR* (95% C1) 1.00 (reference) 1.19 (0.55-2.59) 2.30 (1.08-4.87) 0.03
Never/Former smoker
Number of cases 25 29 24
HRY (95% CI) 1.00 (reference) 1.09 (0.59-2.00) 2.05 (1.15-3.66) 0.02
Current smoker
Number of cases 38 30 24
HR! (95% C1) 1.00 (reference) 0.87 (0.53-1.44) 0.72 (0.41-1.27) 0.25

‘Adjusted for age (continuous), area (10 public health center areas), smoking status (never, former [<10, 10-19, 220 years since cessation of
smoking], current [<20, 20-29, 30-39, 4049, 250 pack-years]), alcohol drinking (non- or occasional drinkers, 1-150, = 150 g/week), and green tea

(<1, 1-2, 3-4, 25 cups/day).

‘Adjusted for age (continuous), area (10 public health center areas), smoking status (never, former [<10, 10-19, 220 years since cessation of
smoking], current [<20, 20-29, 30-39, 40-49, 250 pack-years]), alcohol drinking (non- or occasional drinkers, 1-150, 2150 g/week), and coffee

(almost none, 1-4 times/week, 1-2, 23 cups/day).

‘Adjusted for age (continuous), area (10 public health center areas), smoking status (never, former [<10, 1013, 220 years since cessation of
smoking], current [<20, 20-29, 30-39, 4049, 250 pack-years]), and alcohol drinking (non- or occasional drinkers, 1-150, 2150 g/week).

of green tea per day was 2.29 (95% Cl = 1.06-4.92; P_, = 0.03).
We observed no association between caffeine consumption and
bladder cancer risk in women.

We also assessed the effect of coffee, green tea, and caffeine
consumption according to smoking status (Table 5), To avoid
residual confounding by smoking, we first stratified smoking
status to never, former, or current. Because the HRs of never and
former smokers did not substantially differ, these were then
combined. Coffee consumption was positively associated with
bladder cancer risk in never or former smokers (for 1-4 times
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per week, multivariate HR = 1.47; for | cups or more per day,
HR = 2.24, compared with men who hardly drank). For current
smokers, coffee was not substantially associated with bladder
cancer risk regardless of the amount of coffee consumption
(HR = 1.13, 95% CI=10.65-1.97 for men who drank 1 or more
cups per day compared with men who hardly drank). In contrast,
green tea was not statistically significant associated with bladder
cancer in either never- or former-smoking men. Among current
smokers, green tea appeared to be associated with a decreased
risk of bladder cancer. We also found a positive association
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between caffeme intake and bladder cancer in never- or former-
smoking men, with a HR (95% CI) in the highest category of
caffeine consumption compared with the lowest of 2.05 (95%
Cl=1.,15-3.66). In addition, we observed that HRs slightly
decreased as caffeine consumption increased among curmrent
smokers, and detected an interaction between caffeine consump-
tion and smoking status (P, = 0.04).

Discussion

In this study, coffee consumption was associated with an
increased risk of bladder cancer, without statistical significance.
In contrast, we found no association between green tea and
caffeine consumption and bladder cancer risk in men. In never
and former smokers, however, a positive association between
coffee and caffeine and bladder cancer was observed. Additionally,
significant interaction between caffeine and smoking was found
(Peson = 0.04), suggesting that the effects of the caffeine
mi;?lm modified by smoking status.

Cigarente smoking is an established risk factor for bladder
cancer." A meta-analysis of 43 published case-control and
cohort studies reported that smoking amount and smoking
duration were positively associated and that cessation of
cigarette smoking was inversely associated with urinary tract
cancer risk (most cases being bladder cancer).?” Our study
confirmed these previous results,

Many previous studies have reported a positive association
between coffee drinking and bladder cancer in Western coun-
tries, 31 glthough many others have reported no associa-
tion.”" However, several studies have shown higher risks in
coffee drinkers who were non-smokers,(12273132343858.39) g0 o0y
ing the necessity of separate interpretation by smoking status
due to the difference in association between coffee consumption
and bladder cancer according to smoking status. Our study
showed that HRs of subjects who drank 3 or more cups of coffee
were attenuated by adjustment for smoking status. Moreover,
when we stratified these results by smoking status, we found a
positive association between coffee and bladder cancer only in
never or former smokers. Thus, our results suggest that the
effect of coffee on bladder cancer risk in Japanese may be
similar to that in other populations, notwithstanding that the
type, strength, and amount of coffee drinking differ among
countries.

In our study, caffeine consumption also showed a positive
association with bladder cancer among never or former smokers.
Given that a similar association was seen in the Netherlands
cohort study,™ these findings suggest that caffeine contained in
coffee might contribute to an increased risk of bladder cancer.
Moreover, its ability to modify the apoplotic response and
perturb cell checkpoint integrity'™*!" suggest that caffeine might
be a causative agent of bladder cancer.'” It is particularly
noteworthy that the adverse effects of coffee and caffeine were
observed among never or former smokers, and indeed plausible
given a previous report that the clearance of caffeine in smokers
is faster than that in non-smokers,"? and that the urinary
caffeine levels of smokers were approximately 70% lower than
those of non-smokers.*" In contrast, our study showed that the
hazard ratio of current smokers who were in the highest tertile
of caffeine consumption was lower than that of current smokers
with lower caffeine consumption. Caffeine stimulates the
production of cytochrome P450 (CYP) enzymes in the liver,
such as CYP1A2 or NAT2, and these enzymes may increase the
metabolic activation of carcinogens like polycyclic aromatic
hydrocarbons in cigarette smoking.*" Thus, the adverse effects
of coffee and caffeine may be more clearly expressed among
never or former smokers and caffeine may modify the increased
bladder cancer risk caused by smoking. However, it should be
noted that smoking is a major independent risk of bladder

cancer. HRs among current smokers who hardly drank coffee
were higher than those among never smokers who hardly drank
coffee (HR =4.17 [95% Cl = 1.59-10.96], data not shown). Even
though our study appears to show a negative tendency between
caffeine and bladder cancer among current smokers, the HRs
among current smokers was higher than those among never
smokers irrespective of caffeine intake (never smokers in lowest
category of caffeine intake: reference, current smokers in lowest
category of caffeine intake: HR =3.23 [95% CI = 1.47-7.08],
current smokers in highest category of caffeine intake: HR =2.13
[95% C1=0.95-4.79]; data not shown).

Of the few papers which have investigated the association
between green tea and bladder cancer, one prospective study
showed no relation with bladder cancer,”"” a case-control study
showed an clevated risk in heavy drinkers of green tea (5-9
cups/day),” while a third showed an inverse association with the
consumption of matcha (powdered green tea) in women.™ In
our study, green tea was not associated with bladder cancer risk
among men. This resull is supported by a recent meta-analysis.™
We speculate that several polyphenolic components of green tea
with antioxidant properties might mask the adverse effects
of caffeine on bladder cancer in men. In addition, green 1ea
appeared negatively associated with bladder cancer risk among
smoking men. Nevertheless, hazard ratios in current smokers
were relatively high independently of green tea drinking. indicating
that green tea was unable to cancel all the adverse effects of
smoking (HR = 1.72 [95%C] = 0.80-3.70] for current smokers
who drank five or more cups of green tea per day versus never
smokers who drank less than three cups; data not shown). In
confrast, a positive association between green tea intake and
bladder cancer was observed in women. This sex difference
might suggest that the contribution of green tea to total caffeine
intake in women is higher than that in men. In any case, the
negative tendency in bladder cancer risk with increasing coffee
consumption in women is difficult to explain, At present, a
biological mechanism that might explain this discrepancy
between men and women remains unclear, and may have arisen
by chance due to the small sample size in women.

This study was a large prospective study in a general Japancse
population, Among its strengths were the high rate of participa-
tion (approximately 80%) and negligible proportion of loss to
follow-up (0.4%), indicating that sclection bias was unlikely.
Another strength of the prospective design was that coffee and
green tea intake were measured before the disease was diag-
nosed, thereby avoiding the probability of recall bias that is
inherent to case-control studies. On the other hand, several
limitations also warrant mention. First, we could not evaluate
the validity of caffeine consumption. The amount of caffeine
depends on the quantity of coffec beans and tea leaf and the
length of time of extraction. Unfortunately, we were unable to
obtain such information. Second, we could not evaluate the large
number of substances other than caffeine contained in coffee.
The nisk of bladder cancer might be attributable to ingredients
other than caffeine or metabolic substances. Third, the number
of bladder cancer cases was small, and that therefore the results
in women might have occurred by chance. Fourth, coffee and
green tea were sources of total fluid intake, which might be
inversely associated with the risk of bladder cancer.™*
However, we could not adjust for total fluid intake because we
did not obtain such information. Finally, we were unable 1o
determine exposure to chemical substances which might have
increased the risk of bladder cancer. For example, coffee and
green tea might be sources of potential exposure to drinking
water contaminants such as chlorination by-products and
nitrates.”” However, any explanation of the different effects of
coffee on bladder cancer in terms of smoking status by con-
taminants in drinking water would be difficult: if contaminants
in coffee and green tea were a risk factor for bladder cancer,
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coffee consumption would be associated with dose-related
increase in risk even in curremt smokers.

In summary, we confirmed that cigarette smoking is major
risk factor of bladder cancer and that coffee and caffeine are
associated with an increased risk of bladder cancer in never- or
former-smoking men. Considerable research effon is required to
clarify the effects of caffeine on carcinogenic processes in the
bladder.

Acknowledgments

We wish to thank all staff members in each study area and in the central
offices for their cooperation and technical assistance. We also wish o
thank the Iwate, Aomoni, Ibaraki, Niigata, Osaka, Kochi, Nagasaki, and
Oki Cancer Registries for their provision of incidence data. This
study was supported by Granis-in-Aid for Cancer Research (19shi-2),

Appendix

Members of the Japan Public Health Center (JPHC) Study
Group (principal investigator: S. Tsugane): S. Tsugane, M.
Inoue, T. Sobue, and T. Hanaoka, Research Center for Cancer
Prevention and Screening, National Cancer Center, Tokyo; J.
Ogata, S. Baba, T. Mannami, A. Okayama, and Y. Kokubo,
National Cardiovascular Center, Suita; K. Miyakawa, F. Saito,
A. Koizumi, Y. Sano, 1. Hashimoto, and T. ITkuta, Iwate
Prefectural Ninohe Public Health Center, Ninohe; Y. Miyajima,
N. Suzuki, S. Nagasawa, Y. Furusugi, and N. Nagai, Akita
Prefectural Yokote Public Health Center, Yokote; H. Sanada, Y.
Hatayama, F. Kobayashi, H. Uchino, Y. Shirai, T. Kondo, R.
Sasaki, Y. Watanabe, Y. Miyagawa, and Y. Kobayashi, Nagano
Prefectural Saku Public Health Center, Saku; Y. Kishimoto, E.
Takara, T. Fukuyama, M. Kinjo, M. Irei, and H. Sakiyama,
Okmawa Prefectural Chubu Public Health Center, Okinawa; K.

References
11 ional Agency for R h on Cancer. Trends in Cancer Incidence
and Mortality. IARC Press 1993,

2 Marugame T, Kancko S. Comparison of bladder cancer mortality in five
countries: Prance, Italy, Japan, UK and USA from the WHO Monality
Database (1960-2000), Jpn J Clin Oncel 2005; 35: 357-60.

3 Johansson SL, Cohen SM. Epidemiology and etiology of bladder cancer,
Semin Surg Oncol 1997; 13: 291-4,

4 Intcrnational Agency for Research on Cancer, World Health Organization.
Coffee, tea, mate, methylxanthines and methylglyoxal. IARC Working
Group on the Evaluation of Carcinogenic Risks to Humans. IARC Monogr
Eval Carcinog Risks Hum 1991, 51: 1-513,

5 Zeegers MP, Tan FE, Goldbohm RA, van den Brandt PA. Are coffee and tea
consumption associated with urinary tract cancer nisk? A systematic review
and mets-analysis. Inr J Epidemiol 2001; 30: 353-62.

6 Sala M, Cordier S, Chang-Claude J et al. Coffee consumption and bladder
cances in nonsmokers: a pooled analysis of case-control studies in European
countries. Cancer Causes Control 2000; 11: 925-31.

7 Chyou PH, Nomura AM, Stemmermann GN. A prospective study of diet,
smoking, and lower urinary tract cancer. Ann Epidemiol 1993; X: 211-6,

8 Ohno Y, Aoki K, Obata K, Morrison AS. Case-control study of unnary bladder
cancer in metropolitan Nagoya. Natf Cancer fnit Monogr 1985; 69; 229-34.

9 Wakm K, Hirose K, Takezaki T ef al. Foods and beverages in relation o
urothelial cancer: case-control study in Japan. Jnt J Urol 2004; 11: 11-19,

10 Magano J, Kono S, Preston DL er al. Bladder-cancer incidence in relation o
vegetable and fruit comsumption: a prospective study of stomic-homb
survivors. Int J Cancer 2000, 86: 132-8

11 Nomura AM, Kolonel LN, Hankin JH, Yoshizawa CN. Ductary factons in
cancer of the lower urinary tract. Inr J Cancer 1991; 48: 199-205.

12 Donato F, Boffetta P, Fazioli R, Aulesti V, Gelatti U, Porru S, Bladder
cancer, tobacco smoking, coffee and aleohol drinking in Brescia, northern
ltaly, Eur J Epidemiol 1997, 13: 795-800,

13 Hein DW, Doll MA, Fretland AJ et al. Molecul and
of the NAT! and NAT2 acetylation p)lyrrmphmnﬁ Cancer Epldﬂ!uon'
Biomarkers Prev 2000, 9: 29-42

Kurahashi et al

Imoto, H. Yazawa, T. Sco, A. Seciko, F. lto, and F. Shoji,
Katsushika Public Health Center, Tokyo; A. Murata, K. Minato,
K. Motegi, and T. Fujieda, Ibaraki Prefectural Mito Public
Health Center, Mito; T. Abe, M. Katagiri, M. Suzuki, and K.
Matsui, Niigata Prefectural Kashiwazaki and Nagaoka Public
Health Center, Kashiwazaki and Nagaoka: M. Doi, A, Terao, Y.
Ishikawa, and T. Tagami, Kochi Prefectural Chuo-higashi Public
Health Center, Tosayamada; H. Doi, M. Urata, N. Okamoto, F.
Ide, and H. Sueta, Nagasaki Prefectural Kamigoto Public Health
Center, Arikawa; H. Sakiyama, N. Onga, H. Takaesu, and M.
Uehara, Okinawa Prefectural Miyako Public Health Center,
Hirara; F. Horii, 1. Asano, H. Yamaguchi, K. Aoki, S. Maruyama,
M. Ichii, and M. Takano, Osaka Prefectural Suita Public Health
Center, Suita; S. Matsushima and S. Natsukawa, Saku General
Hospital, Usuda; M. Akabane, Tokyo University of Agriculture,
Tokyo; M. Konishi, K. Okada, and 1. Saito, Enime University,
Toon; H. Iso, Osaka University, Suita; Y. Honda, K. Yamagishi, and
S. Sakurai, Tsukuba University, Tsukuba: H. Sugimura,
Hamamatsu University, Hamamatsu; Y. Tsubono, Tohoku University,
Sendai; M. Kabuto, National Institute for Environmental
Studies, Tsukuba; S. Tominaga, Aichi Cancer Center Research
Institute, Nagoya: M. lida, W. Ajiki, and A. loka, Osaka
Medical Center for Cancer and Cardiovascular Disease, Osaka;
S. Sato, Osaka Medical Center for Health Science and
Promotion, Osaka; N. Yasuda, Kochi University, Nankoku: K.
Nakamura, Niigata University, Niigata; S. Kono, Kyushu
University, Fukuoka; K. Suzuki, Research Institute for Brain
and Blood Vessels Akita, Akita; Y. Takashima, Kyorin
University, Mitaka; E. Maruyama, Kobe University, Kobe; M.
Yamaguchi, Y. Matsumura, S. Sasaki, and S. Watanabe,
National Institute of Health and Nutrition, Tokyo; T. Kadowaki,
Tokyo University, Tokyo; M. Noda, Intemational Medical Center
of Japan, Tokyo; Y. Kawaguchi, Tokyo Medical and Dental
University, Tokyo: and H. Shimizu, Sakihae Institute, Gifu.

14 Hickman D, Sim E. N-acetyl Comparison of
phenotype and genatype in humans. ﬂmdmn .Phnml 1991; 42: 1007-14.

IS Tsugane S. Sobue T. Baseline survey of JPHC study ~ design and
participation rate. Japan Public Health Center-based Prospective Study on
Cancer and Cardiovascular Diseases. J Epidemiol 2001; 11: 524-5.

16 Tsubono Y, Knbuy.uhi M, Sasaki S, Trugane S Validity and reproducibility
of a self-admini 4 food f used in the baseline
survey of the JPHC Study Cohart 1.J Epldem‘ol 2003; 13: 5125-33.

17 Science and Technology Agency, eds. Standand Tables of Food Composition
in Japan. The Fifth Revised Edivon (in Jupanese), Tokyo: Printing Bureau,
Ministry of Finance, 2000,

18 Parkin DM, \ﬁh‘uﬂ_ﬁdlyl Teppul..mmu DB, eds. Cancer Incidence
in Five Ci Lyon: 1 jonal Agency for Research on Cancer, 2002.

19 Zeegers MP, K.ellmE.B\mma F. van den Brandt PA. The association
between ! diet and bladder cancer: a
systematic literature review, World J Urol 2004; 21: 392-401.

20 Zeegers MP, Tan FE, Domnt E. van Den Brandt PA. The impact of
chamcteristics of cigarette smoking on unnary tract cancer risk: a meta-
analysis of epidemiologic studics, Cancer 2000; 89: 630-9.

21 Claude J, Kunze E, Frentzel-Beyme R, Paczkowski K, Schneider J, Schubert
H. Life-style and occupational risk factors in cancer of the lower urinary
tract, Am J Epidemiol 1986; 124: 578-89.

21 De Stefani E. Boffetta P, Denco-Pell H e1 al. Non-al
and risk of bladder cancer in Uruguay. BMC Cancer 2007; 7: 57

23 Howe GR, Burch JD, Miller AB et al. Tobacco use, occupation, coffec,
various nutrients, and bladder cancer. J Natl Cancer Inst 1980, 64: 701-13.

24 Mettlin C, Graham S. Dictary risk factors in human bladder cancer. Am J
Epidemiol 1979; 110 255-63.

25 Momas I, Daures JP, Festy B, Bontoux ), Gremy F. Relative imporance of
risk factors in bladder carcinogenesis some new results about Mediterranean
habits. Cancer Causes Control 1994; §: 326-32

26 Pohlabeln H, Jocke! KH, Bolm-Audarff U. Non-occupational risk factors for
cancer of the lower urinary wact in Germany. Eur J Epidemiol 1999; 15:
411-9

27 Vena JE Freudenheim ), Graham S ¢r al. Coffee, cigaretie smoking. and
bladder cancer in western New York. Ann Epidemiol 1993; 3: 586-91.

CancerSc | 2008 | 7
© 2008 Japaness Cancer Association




Villsnueva CM, Cantor KP, King WD eral Total and specific flud
consumption as determinants of bladder cancer sisk. Int J Cancer 2006; 118:
2040-7,

Zecgers MP, Domant E, Goldbohm RA, van den Brandt PA. Are coffee, tea
and total flud consumption associsted with bladder cancer nsk? Results
from the Netherlands Cobort Study, Cancer Causes Control 2001; 12: 231-
8.

Bruemmer B, White E, Vaughan TL, Cheney CL. Fluid intake and the
incidence of bladder cancer among middle-aged men and women in a three-
county area of western Washington. Nutr Cancer 1997; 29: 163-8.

Ciccone G, Vingis P. Coffee drinking and bladder cancer. Cancer Lett 1988;
41: 45-52.

2 D'Avanzo B, La Vecchia C, Franceschi S, Negn E, Talamini R, Buttino L
Coffee consumption and bladder cancer risk. Eur J Cancer 1992; 28A:
14804,

3 Demirel F, Cakan M. Yalcinkaya F, Topcuoglu M, Alwg U. The association
between personal habits and bladder cancer in Turkey, fat Ul Nephrol
2008; 40; 643-7,

Escolar Pujolar A, Gonzalez CA, Lopez-Abente G ef al. Bladder cancer and
coffee consumption in smokers and non-smokers in Spain. Inr J Epidemiol
1993; 22: 3844,

Michand DS, Spiegelman D, Clinton SK eral. Fluid intke and the risk of
bladder cancer in men. N Engl J Med 1999; 340: 1390-7,

Risch HA, Burch JD, Miller AB, Hill GB, Stecle R, Howe GR. Dietary

factors and the incidence of cancer of the unnary bladder. Am J Epidemiol

1988; 127; 1179-91

Stensvold 1, Jacobsen BK. Coffec and cancer. a prospective study of 43 000

Norwegian men and women. Cancer Causes Control 1994; §: 401-8.

Clavel ). Cordier S, Coffee consumption and bladder cancer nisk, far J

Cancer 1991, 47: 207-12

Marrett LD, Walter SD, Meigs JW. Coffee drinking and bladder cancer in

Connecticut. Am J Epidemiol 1983; 117: 113-27.

Eﬂ‘cml‘l' F-hry U, Glate P, Osicks R. Exp
ful of a by “caffeine in human leukemic

cells. J Cmu'rr Res Clin Oncol 1995; 121: 648-56.

Taylor WR. Strk GR. Regulation of the GZ/M transition by p53. Oncogene

2001; 20: 1803-15.

Campbell ME, S;n:lbcn'g SP Kalow W, A urinary metabolite ratio that

reflects Clin Ph of Ther 1987, 42: 157-65.

"t'mg MI(T Kawh T, Masuno K. Effecs of lifestyle and genetic

ion of coffec or black tea and urinary caffeine

of related

Jevels, B!onndrr: 1998; 3: 367-77.

Porta M., \'iu;ue 1, Ayude D et al. Caﬁ’ec dmkm: the rationale for lmltllll
itasagy | effect modifier of ¢ Eur 1 Epidi
2003; 18 2189-98,

Michaud DS, Kogevinas M, Canwr KP eral. Total fluid and waer
consumption and the joint effect of exposure 10 disinfection by-products on
risk of bladder cancer. Environ Health Perspect 2007; 115: 1569-72.

dol: 10.1111/.1349-7006.2008.01027 x
© 7008 Japanese Cancer Assoclation



