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The prevalence of current smoking in the present study was
lower than that reported in the Hirayama study,"” [males
54.4% vs. 74.5% (daly), females: 8.1% vs. 9.7% (daily)].
The prevalence of current smokers i the Hirayama study
(camed out in 1965, when there were fewer former smokers)
was comparable to the prevalence of ever-smokers in the
present study (males: 79.5%, females: 10.5%, from the 1980s
to the early 1990s). When we compared the estimate of the
PAF of ever-smoking for all-cause mortality in the present
study with the Hirayama results (current smoking only), the
former was larger both for males (27.8% vs. 17.5%) and for
females (6.7% vs. 44%) Considermg the comparable
prevalence of ever-smoking m the present study and current
smoking in the Hirayama study, the larger PAFs in the present
study would appear to be due to the lugher relative nsks
Indeed, the relative risks for ever-smokers for all-cause
mortality in the present study (vs never-smokers) were
higher than the relative nisks for current smokers i the
Hirayama study (1.5 vs. 1.3 for males and 1.7 vs. 1.3 for
females).

Compared with the annual smoking-attributable mortality
in the US from 1997 to 2001,' our estimates of the male
disease-specific PAFs of smoking were smaller for cancers of
the lip/oral cavity/pharynx (52.0% vs. 74.1%) and the lung
(69.2% vs 87 9%), for pneumonia (9 4% vs. 22 5%), and for
COPD (60.3% vs. over 80%), while our esimate was larger
for IHD (44.1% vs. 20.8%). Note that the PAFs in the US
were calculated from the numbers of deaths, excluding those
from passive smoking When we compared our estimated
relative risks with the results of the CPS-I1,?® upon which the
PAF for the US were based, the relative nsks for male current
smokers (vs. never-smokers) estimated in the present study
were lower for all causes [1.6 vs. 2.3 (95% CI: 2.3-2.4)], lung
cancer [4.8 vs. 23.2 (95% CI 19.3-27.9)], stroke [1.3 vs. 19
(95% CI: 1.6-22)], and COPD [3.1 vs. 11.7 (95% CIL 9.1-
15.0)]. Gaven that the prevalence of current smokers among
adult males 1s considerably higher in Japan than in the US
(52.8% vs. 25.7%2), the smaller PAFs of smoking in the
present study were considered to be due to these lower
relative nisks. In contrast, the relative risks for male current
smokers for [HD were similar in the two studies [22 vs. 1.9
(1.8: 2.00]. Thus, the larger male PAF of smoking for IHD
recorded in the present study 1s considered to be due to the
higher prevalence of smoking among Japanese males For
females, our estimate of the PAF of smoking was smaller than
the US estimates' for many diseases, mcluding lung cancer
(198% vs. 70.9%), stroke (6.2% vs. 8.7%), and COPD
(15.6% vs. over 70%). The relative nisks for female current
smokers were lower in the present study than in the CPS-11°*
for all causes [1.8 vs. 1.9 (95% CI: 1.9-2.0)], lung cancer [3.9
vs 12.8 (95% CI 11.3-14.7)], and COPD [3.6 vs. 12.8 (95%
C1 10.4-15.9)], whereas those for stroke were simular [1.8 vs.
1.8 (95% CI. 16-2.1)]. The prevalence of female current
smokers 15 considerably lower in Japan than in the US (13 4%
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vs. 21.5%7°). Thus, the lower PAFs of smoking in Japanese
females for lung cancer and COPD are considered to be due
to both the lower relative nsks and the lower prevalence of
smokers In the case of stroke, the lower PAF was thought to
be due to the lower smoking prevalence.

The lower relative risks associated with smoking for
Japanese populations compared with those for Western
populations have been well documented by previous studies
for all cames,uu total u:mw:rs:Jr and lung cancer 153132 p
commonly proposed reason for this finding 15 the lower
exposure level among Japanese smokers '**? However, the
difference in relative nsks is reported to remamn even afier
adjustment for duration of smoking and daily cigarette
consumption,'® or stratification by dose of exposure **~!
Other proposed reasons include the possibility of a higher
level of passive smoking in Japan (i.e., a higher nsk for non-
smokers), the misclassification of former smokers as never-
smokers (causing an apparent increase in the nsk to non-
smokers) and a lower genetic susceptibility to tobacco smoke
among the Japanese. It is also possible that COPD tends to be
underreported as a cause of death on death certificates

There are several limitations to the present study that could
have been potential sources of uncertainty in the estimation of
the fraction and the number of smoking-attributable deaths
First, the smoking prevalence used for the estimation of the
PAFs was obtamed from our cohort data, the baseline survey
for which was conducted from the 1980s to the early 1990s.
The reason for using cohort data was the need to obtain the
prevalence among those who died of a given cause of death
There have been recent changes in the prevalence of smoking
in Japan, and a decreasing trend for males i1s becoming
evident. Although the pooled smoking prevalence in the
present study was comparable to the national representative
adult prevalence around the year 1990 (e.g., 53.1% for males
and 9 7% for females m 1990),** recent corresponding values
were lower for males and higher for females (43 3% for males
and 12.0% for females in 2004) ** On the basis of the national
representative smoking prevalence data in 2004 and the
relative nsks for all-cause mortality 1n the present study, the
PAF of ever-smoking was 25.2% for males and 11.0% for
females The corresponding value based on the prevalence
data in the present study (i.e, the prevalence among all
participants, not among those who died) was 29 1% for males
and 7.2% for females. Thus, the PAFs of smoking i recent
calendar years for the Japanese population are probably
smaller for males and larger for females, as compared with
our estimates

The information on the smoking status of our participants
was collected only at the baseline. Smoking cessation or
mitiation dunng the follow-up period mught have led to an
underestimation of the relative risks of current or former
smokers and, conversely, smoking re-initation during the
follow-up penod might have caused an overestimation of the
relative nisk of former smokers. A Japanese cohort study that
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examuned smoking status 5 years after the baseline survey
demonstrated that the shift from current to former smokers
was considerably more frequent than either the shift from
never-smokers to current smokers or the shift from former to
current  smokers>>  This suggests the possibility of
underestimating the relative nisks of current smokers.
However, our relative nsk estimate of male current smokers
for lung cancer was similar to that obtained by pooling the
data from Japanese case-control studies,*® which mmplies that
the possible change m smoking status had only a linited
nfluence, at least on the lung cancer relative risks. It remains
possible that the relanve risks of cwrrent smokers were
underestimated for diseases with a nsk that decreases more
rapidly after smoking cessation compared to lung cancer

We excluded participants with unknown smoking status
(5% of males and 12% of females). In our preliminary
analysis, we calculated the lung cancer mortality rate among
participants with unknown smoking status; the value was
found to be sumlar to the mortality rate among current
smokers for males, whereas for females it was between the
mortality rates of former smokers and never-smokers If the
other nisk factors of lung cancer were evenly distributed, it
can be assumed that most of the males with unknown
smoking status were actually smokers, whereas the females
with unknown smoking slatus were not strongly biased
toward smokers or never-smokers. Thus, the prevalence of
male smokers could have been underesumated by the
selective exclusion of smokers. However, the extent of this
effect was considered to be small since the proportion of male
participants  with  unknown smoking status was
correspondingly small.

Since the relative risks estimated i the present study were
adjusted only for age, other potential confounding factors
might have mfluenced our results. One such possible
confounding factor was cohort, although this might have been
negligible because the HRs adjusted for age and cohort did
not differ from those adjusted only for age [e.g , the age- and
cohort-adjusted HR of lung cancer for current smokers was
4.8 (95% CI. 3.9-5.9) for males and 3.8 (95% CI. 3.0-4.9) for
females]. Our relative nsk and PAF esumates for a specific
disease mught have been overestimated 1f 1ts nisk factors were
positively correlated with smoking (i.e.. alcohol consumption
for esophageal cancer). For several disease groups, the age-
adjusted relative nsks of current smokers (vs. never-smokers)
have been reported to be slightly higher than the multivaniate
adjusted values (i.e., all causes %" stomach cancer,’” and
stroke!93%), suggesting the existence of nsk factors
associated with smoking, In contrast, 1t 1s possible that the list
of tobacco-related diseases might overlook non-established
smoking-attributable diseases or disease sub-categones.
Thus, our PAF estimates of all-cause mortality calculated
using the relative nsk of all-cause mortality itself [ie,
equation (1) mn the Methods section] might have mncluded
overestimates, whereas the PAF calculated by summing the

disease-specific PAFs [1.e., equation (2)] might have included
underestimates

For diseases with a relatuvely long duration (1.¢., a ime lag
from incidence to death), high HRs in former smokers could
be due to the “ill-quitter” effect, that 1s, those idividuals who
developed these diseases might have quit smoking because of
the illness. We analyzed our data excluding deaths within 5
years of follow-up and confirmed that there was no major
change in the relative nsks of former smokers.

The sample sizes were small for relatively rare diseases,
particularly among females. We either could not estimate
HRs, or the esumated HRs had a wide CI, for female
mortahity from cancers in the hploral cavity/pharynx,
esophagus, larynx, and kidney (except renal pelvis), myeloid
leukemia, abdominal aortic aneurysm, COPD, and peptic
ulcer. However, smce these causes of death accounted for a
small proportion of the total number of deaths observed n the
present study (2% of the total female deaths), we consider the
mstability of the HRs to have had only a weak mfluence on
our estimates of the disease distnbution of smoking-
attributable deaths

Regarding the generalizability of our PAF estimates, some
of the participants in the present study were recruited not
from the general population but rather from those undergoing
health check-ups (Table 1). Health check-up examinees might
have different relative risks to those of the general population
to which they belong. For example, a previous study using the
JPHC cohort examined the differences in relative nsks
between health check-up examinees and the entire cohort, and
revealed that the relative nsk of all-cause mortality for
current smokers (vs. never-smokers) was 24% higher for
health check-up examinees *° These types of difference might
have influenced our relative nsk estimates

Another 1ssue regarding generalizability 1s age The age
distnbution of participants in the present study was slightly
different to that of the Japanese population as a whole
Compared with the Japanese population aged 40-79 years in
1983-1994, the proportion of those aged 70-79 years was
smaller among the participants in the present study (7.5% vs.
10.9% for males and 8.0% vs. 14.4% for females). Generally,
the prevalence of current smokers was lower among the
group aged 70-79 years than among the younger age groups.
We used the age-pooled smoking prevalence to calculate the
PAFs, which might have led to the inclusion of slight
overestumations

The reason for the small proportion of individuals aged 70-
79 years among the participants in the present study was that
this age group was only covered by the 3-pref and JACC
cohorts. We analyzed the differences between the groups of
cohorts with and without this age group (3-pref + JACC vs
JPHC-I + JPHC-II) in terms of the age-adjusted HR of the
current smokers (vs. never-smokers) for all-cause mortality,
limiting to the common baseline age groups (40-59 years
old). The calculated HRs were similar [males: 1.8 (95% CI.
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1.6-2.0) for 3-pref + JACC, 1.8 (95% CI: 1.6-2.0) for JPHC-1
+ JPHC-II; females: 1.9 (95% CI: 1.6-2.2) for 3-pref + JACC,
1.8 (95% CI: 1 5-2.1) for JPHC-I + JPHC-II]. The prevalence
of current smokers in the two groups of cohorts was not
widely different (males: 58 8% for 3-pref + JACC, 54 5% for
JPHC-1 + JPHC-II, females: 8.8% for 3-pref + JACC, 82%
for JPHC-1 + JPHC-II). Therefore, the influence of using
partial data for the group aged 70-79 years was considered to
be small

The generalizability of our PAF estimates to the age groups
that were not covered by the present study (1.e., those under
40 or over 79 years old) is limited. We estimated the number
of deaths attnbutable to smoking using the all-age number of
deaths in Japan. In thus calculation, the influence of the group
aged under 40 years was negligible because 1t accounted for
only a small part of the all-age mortality in Japan (2.6% in
2005). The group aged over 79 years was partly covered by
the present study in terms of attained age since the follow-up
period was on average 10 years. According to a previous
study that used the same dataset employed mn the present
study, the all-cause mortality rate ratios of current smokers
vs. never-smokers were similar for the groups aged 40-69
vears and 70 years or older (calculated using the attained
age)%® The smoking prevalence among those aged 70-79
vears in the present study was not notably different to the
national data for those aged 70 years or older (42.5% vs.
38.8% for males and 8 5% vs. 7.2% for females) ** Thus, we
believe that approximating the number of smoking-
attributable deaths for all ages based on our PAF estimates is
a vahd approach

In conclusion, we used the pooled data from three large-
scale cohort studies in Japan to demonstrate that the estimated
smoking-attnibutable fraction of all-cause mortality among
individuals aged 40-79 years was 27 8% for males and 6. 7%
for females The cormresponding values calculated by
summing the disease-specific smokmg-attributable fractions
were 19.1% for males and 3.6% for females. These results
confirmed that the health burden of smokmg 1s sull large
among Japanese males. Considenng the high prevalence of
male current smokers and the increasing prevalence of young
female current smokers, effective tobacco controls and
quantitative assessments of the health burden of smoking
should be continuously implemented in Japan.
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The incidence of prostate cancer is much lower in Asian than Western populations. Given that environmental
factors such as dietary habits may play a major role in the causation of prostate cancer and the high consumption of
green tea in Asian populations, this low incidence may be partly due to the effects of green tea. The JPHC Study
(Japan Public Health Center-based Prospective Study) was established in 1990 for cohort | and in 1993 for cohort I.
The subjects were 49,920 men aged 40-69 years who completed a questionnaire that included their green tea
consumption habit at baseline and were followed until the end of 2004. During this time, 404 men were newly
diagnosed with prostate cancer, of whom 114 had advanced cases, 271 were localized, and 19 were of an un-
determined stage. Green tea was not associated with localized prostate cancer. However, consumption was
associated with a dose-dependent decrease in the risk of advanced prostate cancer. The multivariate relative risk
was 0.52 (95% confidence interval: 0.28, 0.96) for men drinking 5 or more cups/day compared with less than 1 cup/
day (pwens = 0.01). Green tea may be associated with a decreased risk of advanced prostate cancer.

Camellia sinensis; catechin; Japan; men; neoplasm staging; prospective studies; prostatic neoplasms; tea

Abbreviations: Cl, confidence interval; EGCG, (—)-epigallocatechin-3-gallate; JPHC Study, Japan Public Health Center-based

Prospective Study; PHC, Public Health Center; RR, relative risk.

Although the incidence of prostate cancer is much lower
in Asian men than in Western men (1), the incidence of latent
or clinically insignificant prostate cancer in autopsy studies
among men from Asian countries and from the United States
is similar (1-3). Moreover, migration data show that the in-
cidence increases in men migrating from areas of low in-
cidence 1o areas of higher incidence (4, 5). These results
suggest that the etiology of prostate cancer may involve di-
etary, lifestyle, and environmental factors. A large number of
experimental studies have shown that tea and its constituents
have preventive effects against the development of prostate
cancer, including antioxidant properties against free radi-
cals, induction of apoptosis, inhibition of cell growth, and

the arrest of cell cycle progression (6, 7). Teas are made from
a leaf extract of the plant Camellia sinensis and classified
into two main types, depending on the manufacturing pro-
cess: green tea, which is nonfermented, and black tea, which
is fermented (8). In general, green tea has a higher content of
catechins, such as (—)-epigallocatechin-3-gallate (EGCG),
which play an important role in cancer prevention, than does
black tea (9). Given the high consumption of green tea in
Asia, it has been suggested that the low incidence of prostate
cancer in Asia may be partly due to the effects of green tea,

Although the preventive effects of green tea on prostate
cancer have been reported in many laboratory studies (6), re-
sults from epidemiologic studies researching the association
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between teas in general (including both black and green
teas) or green tea alone and prostate cancer have been in-
consistent. In a case-control study in southeast China, the
risk of prostate cancer decreased with increasing frequency
of green tea consumption in a dose-dependent manner (10).
Similarly, in a case-control study in Canadian men, general
tea consumption was associated with a decreased nisk of
prostate cancer (11), and green tea consumption was further
associated with a modest reduction in risk in a case-control
study in Japan (12). To the contrary, however, other case-
control studies in Italy, Utah, and Canada found no differ-
ence in risk for prostate cancer between general tea drinkers
and nondrinkers (13-15). Among prospective studies, more-
over, no association was reported between green tea consump-
tion and prostate cancer in Japanese men (16, 17), while risk
was conversely increased with green tea consumption in
a cohort of men of Japanese ancestry in Hawaii (18),

This inconsistency might be explained as follows. First,
subjects in some of these previous studies did not commonly
drink green tea, but rather black tea. Second, almost all of
these previous studies did not analyze by cancer stage, not-
withstanding that the effects of green tea on prostate cancer
may differ between localized and advanced cancer (10, 14),

Here, we investigated the relation between green tea con-
sumption and risk of prostate cancer according to stage in
a large prospective study among Japanese, who generally
consume green tea.

MATERIALS AND METHODS
Study population

This cohort was part of the Japan Public Health Center-
based Prospective Study (JPHC Study), which was estab-
lished in 1990 for cohort 1 and in 1993 for cohon II. The
study design has been described in detail previously (19).
Cohort I consisted of five Public Health Center (PCH) areas
(Iwate, Akita, Nagano, Okinawa, and Tokyo), and cohort
II consisted of six PHC areas (Ibaraki, Niigata, Kochi,
Nagasaki, Okinawa, and Osaka) across Japan. The study
population was defined as all residents aged 40-59 years
in cohort I and 40-69 years in cohort II at the stant of
the respective baseline survey. In the present analysis, the
Tokyo subjects were not included in data analyses because
incidence data for them were not available. Initially, we de-
fined a population-based cohort of 65,802 men. Afier initia-
tion of the study, 143 subjects were found to be ineligible and
were excluded because of non-Japanese nationality (n = 31),
late report of emigration occurring before the start of the
follow-up period (n = 107), duplicate enrollment (n = 2),
incorrect birth data (n = 1), and self-reported prostate cancer
at baseline (n = 2), leaving 65,659 men eligible for partici-
pation. This study was approved by the Institutional Review
Board of the National Cancer Center, Tokyo, Japan.

Baseline survey

A self-administered questionnaire, which included green
tea consumption and other lifestyle factors, was distributed
to all eligible registered residents in 1990 for cohon I and in

1993-1994 for cohon I1. Completed questionnaires were col-
lected from 50,436 men (response rate, 77 percent). Infor-
mation on the frequency and amount of green tea intake
was obtained by use of the answer categories of almost
none, 1-2 days/week, 3-4 days/week, 1-2 cups/day, 3—4
cups/day, and >Scups/day. Exposure was categorized by
approximate quartile (<1 cup/day, 1-2 cups/day, 34
cups/day, >5 cups/day), with the category of <1 cup/day
including those who consume almost none, 1-2 days/week,
and 3—4 days/week. The validity of green tea consumption
was assessed among subsamples using 28-day dietary
records. Spearman’s correlation coefficients between green
tea consumption from the questionnaire and from dietary
records were 0.57 for cohort 1 (20) and 0.37 for cohort IT
(21). In the validation study, the median value of green tea
was 150 ml based on dietary records. Dietary factors in the
questionnaire used in this study have been provided else-
where (22).

Follow-up

Subjects were followed from the baseline survey until
December 31, 2004. Changes in residence status including sur-
vival were identified annually through the residential regis-
try 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. Among questionnaire respondents at baseline,
5.517 (10.9 percent) died, 3,017 (6.0 percent) moved out of
a study area, and 91 (0.2 percent) were lost to follow-up
during the study period. Generally, mortality data for the
residents included in a residential registry are forwarded
to the Ministry of Health, Labor, and Welfare and coded
for inclusion in the national vital statistics. Residency and
death registration are required by the Basic Residential Reg-
ister Law and Family Registry Law, respectively, and the
registries are believed to be complete. Here, information on
the cause of death for those who had not moved out of the
original area was based on death certificates from the re-
spective PHC.

The occurrence of cancer was identified by active patient
notification from major local hospitals in the study area and
data linkage with population-based cancer registries, with
permission from the local govemments responsible for the
registries. Cases were confirmed from medical records, 94
percent of which included pathologic diagnoses, and were
coded by use of the International Classification of Diseases
for Oncology, Third Edition (23). Death certificate informa-
tion was used as a supplementary information source, with
1.5 percent of cases of prostate cancer first notified by death
certificate. The proportion of case patients with prostate can-
cer ascenained by death certificate only was 1.2 percent.
These ratios were considered satisfactory for the present
study.

We excluded men with incomplete information on green
tea consumption (n = 516). For the present analysis, the
carliest date of diagnosis was used in subjects with mul-
tiple primary cancers at different times. A total of 404
newly diagnosed prostate cancer cases were identified by
December 31, 2004, Finally, a total of 49,920 men, includ-
ing 404 prostate cancer patients, were used in the analysis.
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Definition of localized and advanced prostate cancer

Cancer registration in our study required the entry of local
staging, with the Gleason score used as supplementary in-
formation only. Cases were therefore classified as advanced
cases (extraprostatic or metastatic cancer involving lymph
nodes or other organs, 25 percent of total), localized cases
(cancer confined within prostate, 54 percent of total), and
undetermined cases (21 percent of total). The distribution of
local staging in our study was similar to that in Japan overall
(24). Moreover, cases for which local staging information
was not available (83 undetermined cases) were divided into
localized and advanced cancer by use of information on
Gleason score or degree of differentiation. We added 11
cases with a high Gleason score of 8-10 or poor differenti-
ation to the advanced cancer cases group. These criteria
were selected to allow the identification of cases with a high
likelihood of poor prognosis. Further, we added 53 cases
with a low Gleason score of <7 or well or moderate differ-
entiation to the localized cancer group (25). Finally, we
confirmed 271 localized, 114 advanced. and 19 undeter-
mined (5 percent of total) cases.

Statistical analysis

Person-years of follow-up were calculated for each per-
son from the date of the baseline survey until the date of
prostate cancer diagnosis, date of emigration from the study
area, or date of death, whichever came first; if none of these
occurred, follow-up was through the end of the study period
(December 31, 2004). Subjects who were lost to follow-up
were censored on the last confirmed date of their presence in
the study area. The relative risks and 95 percent confidence
intervals of prostate cancer according to green tea consump-
tion were calculated by the Cox proportional hazards model,
adjusted for age, study area (10 PHC areas), smoking status,
alcohol consumption, body mass index, men who live with
their wife, and coffee, black tea, and miso soup consumption
according to the SAS PHREG procedure in SAS software,
version 9.1 (SAS Institute, Inc., Cary, North Carolina), The
questionnaires used with the JPHC Study cohort I and co-
hort 11 differed slightly with respect to food items, method
of expression, and frequency categories (excluding green
tea, black tea, coffee, and miso soup consumption). Thus,
for adjustments that included food items, the following sta-
tistical methods were used. For analysis of the further co-
variates of fruits, green or yellow vegetables, dairy food, soy
food, and genistein, we calculated separate estimates for
cohort I and cohort II and then analyzed the combined result
using a fixed-effects model. In the test for heterogeneity
using an inverse variance method, the two cohorts were not
heterogeneous (p = 0.95), The covanates used in the model
were age at enrollment, study area (10 PHC areas), smoking
status (never, former, and current smokers), alcohol con-
sumption (non-, former, or occasional drinkers, 1-149 g/
week, >150 g/week), body mass index (continuous), men
who live with their wife (yes/no), coffee consumption (al-
most none, =1 time/week, =1 cup/day), black tea consump-
tion (almost none, =1 time/week, >1 cup/day). miso soup
consumption (<4 times/week, one bowl/day, two bowls/day,
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23 bowls/day), consumptions of fruits (g/day), green or
yellow vegetables (g/day), dairy food (g/day), and soy food
(g/day), and genistein (mg/day). Respective consumption of
fruits, green or yellow vegetables, dairy food, and soy food
was calculated by use of the frequency and portion size of
each food from the questionnaire, while values for genistein
were calculated by a specially developed food composition
table for isoflavones in Japanese foods (26, 27).

Prena values were assessed by assigning ordinal values
for categorical variables. All p values are two sided, and
statistical significance was determined at the p < 0.05 level.

RESULTS

Subjects’ characteristics at baseline according to category
of green tea consumption are shown in table 1. Participants
with higher green tea consumption tended to be older, to
smoke more, to have a higher likelihood of living with their
wife, to consume more miso soup, fruits, vegetables, and
soy food, and to consume less coffee.

Table 2 shows relative risks and 95 percent confidence
intervals for prostate cancer by green tea consumption. Con-
sumption was not associated with all cases of prostate can-
cer, and relative risks did not change substantially after
adjustment for all potential confounding factors (for highest
vs. lowest: relative risk (RR) = 0.89, 95 percent confidence
interval (CI): 0.65, 1.21: pyena = 0.43). We next classified
the data according to prostate cancer stage. No statistically
significant association was seen between green tea consump-
tion and localized prostate cancer risk (for highest vs. low-
est: RR in model 2 = 1.04, 95 percent Cl: 0.72, 1.52; pyena =
0.54). In contrast, however, green tea consumption was as-
sociated with a decreased risk of advanced prostate cancer
in a dose-dependent manner (<1 cup/day: reference; 1-2
cups/day: age- and area-adjusted RR = 1.12, 95 percent
CI: 0.65, 1.94; 3-4 cups/day: RR = 0.86, 95 percent CI:
0.50, 1.47; >5 cups/day: RR = 0.60, 95 percent CI: 0.34,
1.06; Puena = 0.03). This association was strengthened to
statistical significance when adjustment was made for all
potential confounding factors (for highest vs. lowest: RR =
0.52, 95 percent CI: 0.28, 0.96). Tests for linear trends were
also strengthened (pueqq = 0.01).

DISCUSSION

In this prospective cohort study among Japanese men,
green tea consumption was associated with a decreased risk
of advanced prostate cancer. In contrast, no association was
observed between consumption and localized prostate can-
cer. To our knowledge, this is the first prospective study to
investigate the association between green tea and prostate
cancer according to stage and to identify the preventive
effects of green tea on advanced prostate cancer. Although
green tea and its constituents have shown protective effects
on prostate cancer in many expenmental studies (6, 7), pre-
vious epidemiologic studies researching the association be-
tween teas or green tea and prostate cancer have been
inconsistent. One reason for this inconsistency is that most
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TABLE 1. Baseline characteristics of study subjects according to green tea consumption, JPHC* Study,
1890-2004
Green fea consumption (cups/day)
<1 1-2 34 >5 4 ¥
No. of subjects 12,940 11.772 13.176 12,031
Proportion ()4 259 236 264 241
Mean age (years) 49.7(74)8 508(79) 523(81) 539(78 <0.001
Body mass index, >25 (%)4 238 (3.0) 235(28) 233(28) 233(28) <0.001
Current smoker (%) 51.3 52.8 516 540 <0001
Regular drinker (%)# B39 68.6 66.3 612 <0.001
Men who live with their wife, yes (%)# BO.6 B6.6 B84 879 <0.001
Coffee, daily (%)4 4286 473 40.2 305 <0.001
Black tea, daily (%)$ 26 32 29 2.5 <0.001
Miso soup, daily (%)4 61.7 683 7286 784 <0.001
Fruits, daily (%)# T 228 263 307 <0.001
Green or yellow vegetables, daily (%:)$ 378 365 402 471 <0.001
Dairy food, daily (%)% 332 37.2 36.8 36.6 <0.001
Soy food, daily (%)4 786 824 B6.2 902 «0.001

* JPHC Study, Japan Public Health Center-based Prospective Study.
t Panerence values of characteristics between categories of green tea consumption were calculated by analysis of

varnance and the chi-square test for homogeneity.

$ All variables excepl for age were standardized to the age distribution (categorized by S-year intervals) of the

entire cohort.
§ Numbers in parentheses, standard deviation.

of the studies included populations that drink black tea pre-
dominantly. In a case-control study among Canadian men,
tea consumption was associated with a statistically sig-
nificant 30 percent decrease in prostate cancer nsk (11). In
contrast, no association with prostate cancer (RR = 0.9) was
seen in men with a tea-drinking habit compared with non-
tea drinkers in Italy (13), while drinking more than 5 cups of
tea per week was not associated with a decreased risk of pros-
tate cancer (RR = 0,90) in Utah (14). Moreover, a population-
based case-control study in Canada found no difference in
nsk for prostate cancer between tea drinkers and non-tea
drinkers (RR = 1.1 in men drinking >4 cups per day) (15).

However, this inconsistency in the effects of black tea on
prostate cancer has also been seen in studies on green tea
and prostate cancer among populations who mainly con-
sume green tea In a case-control study in southeast China,
an increasing frequency of green tea consumption dose de-
pendently decreased the risk of prostate cancer (10). Ten or
more cups of green tea per day produced a modest reduction
in the risk of prostate cancer (RR = 0.67) in a case-control
study in Japan (12). In two prospective studies among
Japanese men, no association was reported between green
tea consumption and prostate cancer (16, 17). In contrast,
Severson et al. (18) reported a nearly 50 percent increase in
risk in relation to green tea intake in a prospective cohort
study among men of Japanese ancestry in Hawaii, However,
no studies have examined the association between green tca
consumption and prostate cancer risk with regard to cancer

stage. Given our finding that the effects of green tea differ
according to cancer stage, this lack of classification by stage
may be another reason for the inconsistency among studies.
Our study showed that green tea was associated with a de-
crease in the risk of advanced prostate cancer only. This
result is not inconsistent with a previous paper on the pre-
ventive effects of green tea on prostate cancer in China,
where prostate cancer is typically diagnosed at an advanced
stage (10),

This result is also supported by several mechanisms of
cancer pathogenesis. Green tea and its constituents, such as
EGCG, induce apoptosis, inhibit cell growth, and arrest pro-
gression of the cell cycle (6). In addition, EGCG has been
found to inhibit tumor cell invasion and the expression of ma-
trix metalloprotease, which is reported to be overexpressed
in angiogenesis and essential in penetrating the basement
membrane barriers (6, 7, 28). High levels of matrix metal-
loprotease 2 in plasma have been correlated with metastasis
in prostate cancer patients (29), and increased expression of
matrix metalloprotease 2 has been correlated with a high
Gleason score and aggressive prostate cancer (30). In animal
models, Gupta et al. (31) demonstrated that oral infusion of
green tea polyphenols inhibits prostate carcinogenesis in
transgenic adenocarcinoma of the mouse prostate (TRAMP),
a model for prostate cancer that closely mimics progressive
forms of human disease (32), and Caporali et al. (33) sim-
ilarly reported that oral feeding of tea polyphenol to these
mice prevented prostate cancer development. Moreover,
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TABLE 2. Relative risk of prostate cancer according to green tea consumption, JPHC* Study, 1890-2004

Green fea consumption (cups/day)

<1 1-2 3-4 »5
. 95% a5% : i
R e Tl
All cases (n = 404)
Cases 76 83 114 131
Age and area adjustedt 1.00 1.04 0.75, 1.42 1.00 074,135 092 069,124 049
Mutivariate (model 1)$ 1,00 088 070,137 095 069 130 090 066,123 048
Mutivanriate (model 21§ 1.00 0.96 0.68, 1.35 0.84 068, 1.30 0.88 065 121 043
Localized cases (n = 2714
Cases 48 48 74 100
Age and area adjustedt 1.00 0.92 0.61, 1.38 1.00 0.69, 1.45 1.06 075 151 057
Mutivariate (model 1)3 1.00 0.83 0.54,1.27 0.85 0.64, 1.40 1.07 073,155 048
Mutivariate (model 2)§ 1.00 0.81 0.52, 1.25 0.83 0.63, 1.37 1.04 072 152 054
Advanced cases (n = 114)#
Cases 26 29 2 27
Age and area adjustedt 1.00 1.12 0.65, 1.94 0.86 050 147 060 034,106 003
Mutivariatle (model 1)# 1.00 1.10 0.62, 1.96 0.83 0.47, 147 0.56 0.31,1.00 0.02
Mutivariate (model 2)§ 1.00 1.10 0.61, 1.97 0.83 047, 1.48 0.52 028,086 001

* JPHC Study, Japan Public Health Center-based Prospective Study.

t Calculated from a proportional hazards regression analysis of the two cohors together and adjusted for age and area.

4 Calculated from a proportional hazards regression analysis of the two cohorts together and adjusted for age, area, smoking status, alcohol
consumption, body mass index, marital status, and coffee, black tea, and miso soup consumption.

§ Calculated from the weighted average of results from separate proportional hazards regressions fitted to the individual cohorts and further
adjusted for fruits, green or yellow vegetables, dairy food, soy food, and genistein consumption.

9§ Localized cases were defined as cancer confined within the prostate. If information on local staging was not available, localized cases were
considered as cases with a Gleason score of <7 (or well or moderate differentiation).

# Advanced cases were deflined as extraprostatic or metastatic cancer involving lymph nodes or other organs. If information on local staging
was nol available, advanced cases were defined as cancer with a Gleason score of 8-10 (or poor differentiation).

oral EGCG decreased testosterone levels in an animal ex-
periment (34), and EGCG repressed transcription of the
androgen receptor gene, AR, and thereby inhibited the effect
of androgen on prostate cancer (35). Given that androgen
receptor genes are amplified in at least one third of advanced
prostate cancers cases (36), advanced prostate cancer may
be more sensitive to the effects of green tea on testosterone
or androgen receptor than is localized prostate cancer. These
reports indicate the biologic plausibility of our result that
green tea decreased the risk of advanced prostate cancer
only. Nevertheless, the number of advanced prostate cancers
was relatively small, and the occurrence of this result by
chance cannot be ruled out.

The major strength of the present study was its prospec-
tive design. Collection of green tea consumption data before
the subsequent diagnosis of prostate cancer allowed us to
avoid recall bias, Other strengths were its high response rate
(approximately 80 percent) and negligible loss to follow-up
(0.2 percent). Moreover, we were able to adjust possible
confounding factors to remove associations with other sub-
stances. A high intake of green tea is associated with some
substances that may have contributed to the risk of prostate
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cancer. In this study, the association between green tea and
advanced prostate cancer was strengthened after adjustment
for several confounding factors.

Several limitations of the study also warrant mention.
First, we did not collect information on whether men had
undergone screening for prostate cancer. It is possible that
men who have health check-ups are more health conscious
and may drink more green tea, which would attenuate
the results for localized prostate cancer and obscure any
preventive effects on localized prostate cancer. Second, mis-
classification of exposure due to changes in green tea con-
sumption during the study period might have occurred,
because the exposure assessment was done at a single point.
Third, we have no information on the methods used to brew
the tea, such as infusion time or strength. These inaccurate
measurements of green tea consumption may lead to ran-
dom misclassification, If present, however, such misclassi-
fication would tend to underestimate the true relative risk.
Finally, misclassification may have occurred when local-
stage cases with a high Gleason score of 8-10 were classi-
fied as localized but as advanced when stage information
was missing. Unfortunately, we were unable to classify
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cases by Gleason score only, because this was collected as
supplementary information and available in only a relatively
small number of cases (23 percent of total).

In conclusion, we observed that green tea dose depen-
dently decreased the risk of advanced prostate cancer. Al-
though this result is supported by many anmimal studies,
further studies are required to confirm the preventive effects
of green tea on prostate cancer, including well-designed
clinical trials in humans.
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Passive smoking and lung cancer in Japanese non-smoking women:

A prospective study

Norie Kurahashi'®, Manami Inoue', Ying Liu', Motoki Iwasaki', Shizuka Sasazuki', Tomotaka Sobue®

and Shoichiro Tsugane' for the JPHC Study Group

'Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Cenrer,

S.1-1 Tsukiji Chuo-ku, Tokyo, Tapan

*Cancer Information Services and Surveillance Division, Center for Cancer Control and Information Services.

National Cancer Center, 5-1-1 Tsukiji Chuo-ku, Tokyo, Japan

Although smoking is 2 major cause of lung cancer, the proportion
of lung cancer cases a Japanese women who never smoked is
high. As the prevalence of smoking in Japan is relatively high in
men but low in women, the development of lung cancer in non-
king Jap may be significantly impacted by pas-
sive smoking. We conducted a population-based prospective study
established in 1990 for Cohort T and in 1993 for Cohort 1. The
ltndg.u ulation was defined as all residents aged 40-69 years at
the l‘lnlfm survey. 18,414 lifelong non-smoking women provided
baseline informa on exposure to tobacco smoke from their
husband, at the workplace and during childhood. Over 13 years of
l'ollw-ué. 109 women were newly diagnosed with lumnﬂ:—. of
whom developed adenocarcinoma. Compared women
married to never smokers, hazard ratio (HR) (95% confidence
imerval (CI)) for all lung cancer incidence in women who lived
with a smoking husband was 1.34 (%5% CI 0.81-2.21). An associa-
tion was clearly identified for adenocarcinoma (HR 2.03, 95% CI
1.07-3.86), for which dose-response relationships were seen for
both the intensity (p for trend = 0.02) and amount (p for trend =
0,03) of the husband's smoking. Passive smoking at the workplace
also increased the risk of lung cancer (HR 132, 95% C1 D85
2.04). Moreover, a higher risk of adenocarcinoma was seen for
combined husband and workplace exposure (HR 1.93, 95% CI
0.88—4.23). These findings mnﬂrm that passive smoking is a risk
factor for lung cancer, especially for adenocarcinoma among
Jupanese women.
© 2007 Wiley-Liss, Inc
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In Japan, lung cancer has been the second leading cause of can-
cer death in women since the 1980s." Although the majority of
lung cancers can be attributed to cigarette smoking, 53% of all

women with lung cancer world-wide are never smokers.”” The
proportion of lapancse female lung cancer patients who have
never smoked is as high as 70%." whereas the proportion of Japa-
nese women aged 20 or more who smoke is only around 10%.°
The major risk for lung cancer in Japanese women cannot there-
fore be attributed to smoking. Given that the unne of non-smokers
exposed to passive smoking contains con of carci
genic N-nitroso compounds, which are specific 1o tobacco® and
the smoking rate in Japanese men is high, at around 50%.° passive
smoking might be an important risk factor for lung cancer in non-
smoking Japanese women.

Since the publication of the first positive findings by Hirayama
in Japan, many studies have investigated the relation between pas-
sive smoking and lung cancer in non-smoking women.’ Recently,
the International Agency for Research on Cancer (IARC) con-
cluded that findings on the risk of lung cancer associated with
environmental tobacco smoke were consistent® Moreover, a
meta-unalysis of published studies estimated that the excess nisk
of lung cancer in non-smokers who lived with a smoker compared
to those who lived with a non-smoker was 24%.” However, rela-
tively few prospective studies have apy d.”'%'® and almost all
of previous studies have been case—control studies, for which the
limitation of recall bias is controversial.'”" Additionally, infor-
mation on spousal smoking status in most of the prospective stud-
ies has been obtained from wives. The accuracy of this exposune
evaluation is questionable, however, because while high concord-
ance has been shown between information on spousal ever smok-
ing from wives and data from husbands themselves, agreement on
the duration and intensity of smoking is lower.”™*" Further, few
prospective ies have idered the importance of multiple
sources of exposure to passive smoking.'*'®
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Here, we identified marmed couples among subjects of a large
prospective study in Japan, and examined the association between
passive smoking from the husband and the risk of lung cancer in
the non-smoking wife using smoking status information obtaned
from the hushand himself. Further, we also analyzed the associa-

KURAHASHI ET AL

identified by continuous surveillance of hospital records and popu-
lation-based cancer registries, with permission. Death ceruficate
information was used as a supplementary information source.
Cases were coded using the Intemational Classification of Dis-
cases for Oncology, Third Edition (ICD- 0-3).* In our cancer
mg:suy system, the proportion of cases for which information was

tion between ive srnnkmg from other sources {at the work-
place or during childhood) in lifelong non g with
lung cancer.

Material and methods
JPHC study

The Japan Public Health Center-based Prospective study (JPHC
Study) was launched in 1990 for the first population-based cohort
(Cohort I) and in 1993 for the second (Cohort 1T), Cohon 1 covered
5 public health center (PHC) areas (lwate, Akita, Nagano, Oki-
nawa and Tokyo) and Cohort Il covered 6 (Ibaraki, Niigata,
Kochi, Nagasaki, Okinawa and Osaka). All study subjects were
residents of Japanese nationality who lived in the study areas at
the start of follow-up, and who were aged 40-59 in Cohort 1 and
4069 in Cohort IL. In the present analysis, we excluded all sub-
jects from the Tokyo and Osaka areas because incidence data in
Tokyo were not available and the study population in Osaka
included health checkup examinees, and was thus not fully popu-
lation-based. A population-based cohort of 57,591 men (Cohort I
26.998; Cohort 1I: 30,593) and 59,103 women (Cohort I: 27.397;
Cohort 1I: 31,706) was identified using population registries,
which were maintained by the respective local govermments,
Details of the study cohorts have been described elsewhere,

A self-administered questionnaire, which included smoking
history, previous disease history, and other lifestyle factors, was
distributed 1o all eligible registered residents in 1990 for Cohort |
and in 19931994 for Cohort 11, Completed questionnaines were
collected from 45,452 men and 49,924 women, giving response
rates of 79 and 84%, respectively. To assess the carcinogenic
effect of passive smoking exposure from the spouse, we further
identified 31,261 pairs as married couples by surname, address,
sex and an age difference of less than 16 years. To clarify the
effects of passive smoking, we restricted analysis to lifelong non-
smoking women only. A funther 711 women with a history of
cancer at any site were excluded. Thus, 28,414 women were left
for analysis. The accuracy of identification was fested in 644
pairs using residence registries; results showed 604 pairs (93.8%)
were married couples and 6 (0.9%) were relatives other than a
spouse, while the relationship of 34 pairs (5.3%) could not be
established.

The questions on smoking habit consisted of cument and for-
mer smoking status, age at the initiation of smoking, average
number of cigarettes smoked per day and age a1 the cessation of
smoking for former smokers. We d i that a who
had a husband with a history of smoking had been exposed to
passive smoking from her husband. We classified the passive
smoking status of a woman by smoking status information from
her husband himself (never, former, current), the number of ciga-
rettes smoked per day (<20, >20), and the amount of smoking in
current smokers (pack years: <30, >30). Information on passive
smoking at the workplace (or public facilities) was also collected.
We considered women who inhaled other people’s smoke for
more than 1 hr per day and at least 1 day per week as exposed to
passive smoking at the workplace. We further asked a subgroup
of subjects about passive smoking during childhood, namely
whether there had been family members at home with a smoking
habit when they were in elementary or junior high school (6-15
years old).

We followed the subjects from the baseline survey until Decem-
ber 31, 2004. Migration and survival status were obtained annually
from the residential registry. Among subjects, 1,507 persons
(5.39%) moved out of a study area and 74 (0.3%) were lost to fol-
low-up during the study period. The occurrence of cancer was

ilable from death certificates only during the study period was
3.6%. This level of information quality was considered satisfac-
tory for the present study. The earliest date of diagnosis was used
in cases with multiple primary cancers at different times. A total
af 109 newly diagnosed lung cancer cases were identified among
28,414 lifelong non-smoking women,

Person-years of follow-up were calculated for each subject from
the date of questionnaire compl 10 the date of lung cancer di-
agnosis, the date of emigration from the study area, or the date of
death, whichever came first. If none of these occurred, follow-up
was through to the end of the study period (December 31, 2004).
Persons who were lost to follow-up were censored at the last con-
firmed date of presence in the study area. Hazard ratios (HRs) and
95% confidence intervals (Cls) for passive smoking were esti-
mated by the Cox proportional hazards model, according to the
SAS procedure (SAS Institute, Cary, NC). Possible confounding
factors included as covarates in the model were age (5-year
groups), study area (9 PHC areas), menopause (pre/post), alcohol
consumption (non-, ex- or occasional drinkers, 1-149 glweek,
=150 g/week) and family history of lung cancer (yes/no).

p-Values for trends were assessed by assigning ordinal values
for categorical variables. All p-values are 2-sided, and statistical
significance was determined at the p < 0,05 level.

Resulls

During the 377,813 person-years of follow-up (average 133
years) for 28,414 lifelong non-smoking women, a total of 109
cases of lung cancer were newly diagnosed and included in the
analyses. Among all lung cancer cases in this analysis (n = 109),
98 (90%) were histologically confirmed as follows: adenocarci-
noma (83.7%), large cell carcinoma (7.2%), squamous cell carci-
noma (5.0%), small cell carcinoma (2.1%) and other histological
types (1.0%).

Table 1 shows subject characteristics according (o passive
smoking from the husband. About half of the women (49.1%)
were exposed to passive smoking from husbands who were current
smokers. Women with curremly smoking husbands were slightly
younger and more likely to be regular drinkers than those with
husbands who were never or former smokers. The proportion of
women who were in menopause was low in women exposed to
passive smoking from their husbands. A higher proportion of
women exposed to passive smoking from husbands had a family
histary of lung cancer.

Table 1l shows the HRs and 95% Cls for lung cancer in non-
smoking women mordlrl; 1o passive smoking from the husband,
Passive smoking from a hushand who was a current smoker
slightly increased the risk of all lung cancer (HR 1.34, 95% CI
0.81-2.21). Compared with women without passive smoking, mul-
tivariate HRs of all lung cancer for passive smoking from a hus-
band who smoked 20 or more cigarettes per day or had 30 or more
pack-years of smoking were 1,47 (95% CI 0.87-2.49) and 1.46
(95% CI 0,85-2.50), respectively. Tests for linear trends were not
statistically significant. However, a positive association with pas-
sive smoking and lung cancer became clear when our analysis was
restricted to adenocarcinoma. Passive smoking from husbands
who were current smokers significantly increased the risk of lung
adenocarcinoma (never versus current: 2.03, 95% CI 1.07-3.86).
The husband’s number of cigareties per day and number of pack-
years were both significantly associated with lung adenocarcinoma
risk in non-smoking wives, showing a dose-response relationship.
Com with women whose husbands never smoked, multivan-
able HRs were 2.20 for passive smoking from husbands who
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TABLE - SUBJECT CHARACTERISTICS ACCORDING TO PASSIVE SMOKING STATUS FROM THE HUSBAND IN 28414 LIFELONG NON-SMOKING WOMEN

Paswve sinoking staus from kanhand

Total
Never Foomer Cumen

Number 7331 1122 13.961 28414
Percentage (%) 58 251 491 100
Age, years = 5D 50568 2174 502 +7.0 S0B*: 7.1
Regular drinker, ves (%) 713 8.7 B9 8.6
Menopause, yes (%) 520 9.4 505 547
Family history of lung cancer, yes (%) 19.1 21.2 211 20.6

5D, standard deviation.

TABLE 11 - ASSOCIATION BETWEEN LUNG CANCER INCIDENCE AND PASSIVE SMOKING FROM THE HUSBAND IN LIFELONG NON-SMOKING

in = 1§ Ald)
Type ol axpasss All lung cances Adenoc an inoma
Case (N} Persan- year Multivarias HR (95% C1) Case (N} Person-year Multivariate HR (93% CT)

From husband

Never 2 97 466 1 15 97,392 1

Former 28 94,427 1.12 (0.63-1.98) 21 94,358 1.50 (0.73-3.09)

Current 56 185919 1.34 (0.81-2.21) 46 185,855 203 (1.07-3.86)
Number of cigarertes per day

<20 14 52,441 1.02 (0.51-2.04) 13 52438 1.73 (0.77-3.88)

220 41 131,107 1.47 (0.87-2.49) 33 131,055 2.20(1.13-4.28)

p for rend 0.14 0.02
Pack years of exposure

<30 17 76,125 1.05 (0.55-2.02) 16 76,122 1.86 (0.86-4.01)

230 36 104,330 1.46 (0.85-2.50) 28 104,279 2.06 (1.04-4.10)

p for trend 0.17 0.03

Adjusted for age, study area, alcohol consumption, family history of lung cancer and menopausal status

TABLE 111 - ASSOCIATION RETWEEN LUNG CANCER INCIDENCE AND PASSIVE SMOKING AT THE WORKPLACE AND FROM TWO SOURCES
IN LIFELONG NON.SMOKING WOMEN (s = 28414)

Type of exposure All Tung cancer Adenocarc inoma
Caie (N) Person yeats Multivartaie HR (9$%CT Case (N} Person- ysars Multivarisic HR (95% CT)

At workplace
<1 time/week v 279,421 1 60 2719299 1
21 times/week 30 94,652 1.32 (0.85-2.04) 20 94,568 1.16 (0.69-1.97)
From two sources
Source of dxpuﬂn‘:

Almost never 17 80,428 1 12 80,395 1

Workplace only” 8 16,236 274(1.11-6.76) k] 16,195 1.21 (0.26-5.55)

Husbhand only 60 198,994 1.49 (0.84-2.62) 48 198,904 1.79 (0.90-3.55)

Workplace + Husband 22 8417 1,61 (0.83-3.11) 17 78,373 1.93 (D.88-4.23)
'Women expased at the workplace less than one time per week.—'W. posed at the workplace one or more times per week ~"Women

exposed from husbands who are former or current smokers.

Adjusted for age, study area, alcohol consumption, family history of lung cancer and menopausal status,

smoked 20 or more cigareties per day (95% CI 1.13-4.28, p for
trend = 0.02), and 2.06 for those at 30 or more pack-years (95%
CI 1.04-4,10, p for trend = 0.03).

The association between passive smoking from 2 sources (at the
workplace and from the husband) and lung cancer is shown in Ta-
ble IT, Passive smoking at the workplace tended to increase the
risk of lung cancer, with HRs for these women of 1.32 for all lung
cancer and 1.16 for adenocarcinoma. Concerning passive smoking
from 2 sources, no dose-dependent increase in the nisk of all lung
cancers was found. with HRs in non-smoking women exposed at
the workplace only of 274 (95% CI 1.11-6.76) but 1.61 (95% Cl
0.83-3.11) in those exposed to 2 sources. In contrast, a dose-
response relationship was seen for exposure to 2 sources and ade-
nocarcinoma. HR of women exposed to 2 sources was 1.93 (95%
C1 0.88—4.23) in adenocarcinoma, but this was not statistically sig-
nificant.

We also analyzed the association between self-reported passive
smoking during childhood and lung cancer in non-smoking
women who answered this item (n = 15.467). Passive smoking
during childhood was not associated with lung cancer (HR 0.93,
95% C10.52-1,66) (data not shown).

Discussion

In the present study, we found that passive smoking from hus-
bands was associated with a 30% excess risk of lung cancer in
non-smoking women. This result is supPonnd l;y the ﬁnﬁi&gx of
the IARC® and many previous papers,101-134%21-2283634 0 g
accords with a summary risk of 1.24 obtained in a meta-analysis.”

Because adenocarcinoma is the predominant lung cancer type
in non-smoking women,'”**~** and so the cffects of passive smok-
ing may be particularly relevant to it, we also camied out analyses
by histological type. Results showed a clear association between
adenocarcinoma and an increased risk from passive smoking from
the husband. Previous papers have reported a hazard ratio of 1.0-
1.6 in adenocarcinoma, ratios smaller than those for other cell
types 22326303336 oty Fontham er al. similarly reported that
passive smoking from the husband increases the risk of adenocar-
cinoma*!

Nevertheless, our findings might be supported by findings on
the mechanism of passage of sidestream smoke components
through the nasal passages, which showed that volatile sidestream
smoke constituents would be more likely to reach the peripheral
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portions of the lung than mainstream smoke.** For example, 4-
(methylnitrosamino}-1-(3-pyridyl)-1-butanone. a tobacco-specific
lung carcinogen, and its metabolites Jre found in urine of non-
smokers exposed to passive smoking.® Moreover, 4-(methylnitro-
samuno)-1-(3-pyndyl)-1-butanone «Pmdumnnnuy induces adeno-
carcinoma in animal experiments. ™" Particularly in Japan, where
room sizes tend to be small and living conditions congested, side-
stream smoke may be d1ra:il&( transmitted to non-smoking women
before dilution by room air.

As further support, our use of information from the husband
himself likely enhanced the accuracy of exposure to passive smok-
ing, owing 1o the low agreement between the husband’s informa-
tion on the duration or mlx:nstty of his smoking wtd: thal from the
wife.”™*" Further, our identif of a statistically significant
dose-response :elaumshlp b:tween the quanuty and intensity of
husbands’ smoking and their wives’ incidence of lung cancer sug-
gest that our findings were not due to chance.

Passive smoking at the workplace tended 1o increase the nisk of
lung cancer in non-smoking women. Previous ﬂnclings on this risk
have been inconsistent, with some studies reportin porting ?osl
mmuls 16.21.23,27.19.31-33,3% Whl!c mrs have not. 19,73 25.28.30.34
This inconsistency may be due to a lack of accuracy assessment of
exposire to passive smoking at the workplace. However, our study
showed a higher risk of adenocarcinoma for combined husband
and workplace exposure, suggesting a modest role of the 2 expo-
sures combined in the incidence of adenocarcinoma.

Qur study showed no association between passive smoking dur-
ing childhood and lung cancer, Prcku.s studies of this risk have
also been inconsistent,™'?**7%" parhaps unsurprisingly given
the difficulty of recall of exposures occurring far in the past.

Our study has several methodological strengths, First, it was a
prospective design, which diminishes the probability of the recall
bias inherent to case—control studies. Second, passive smoking
from the husband could be evaluated with accuracy. We identified
married couples and used information on smoking provided by the
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husbands themselves. Third, the response rate was sufficiently
high (approximately 80%), and the proportion of subjects lost to
follow-up was negligible (0.3%). Finally, a relatively large num-
ber of cases accrued among never-smokers,

Several limitations also warrant . Farst, infor was
collected only once at baseline. Second, misclassification may
have occurred due to errors in identifying married couples. How-
ever, even if some men identified as husbands were in fact rela-
tives, time spent with the husband would likely be longer than that
with a relative. If present, therefore, such misclassificanon may
have attenuated the true risk. Third, misclassification that women
who had in fact smoked were included in category of non-smokers
may also have occurred. However, such misclassification might
not have substantially affected the increased the risk of adenocar-
cinoma with passive smoking because the relation between active
smoking and adenocarcinoma is weak. Finally, we do not have in-
formation on the time spent together in the same room or on the
time period when the husband and wife live together. Some mis-
classification may therefore have occurred.

In conclusion, our study found a positive association between
passive smoking from husbands and lung adenocarcinoma in non-
smoking women in Japan. The positive results for quanulalivt
indicators (such as the ber of ci ked and pack-
years) of passive smoking from husbands reinforce this conclu-
sion. We also identified a higher risk of adenocarcinoma for com-
bined husband and workplace exposure. Prohibition of smoking at
home and in public places may yield considerable health benefits
for non-smoking women.
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Abstract

Many epidemiologic studies have reported a positive
association between dairy products and prostate cancer.
Calcium or saturated fatty acid in dairy products has
been suspected as the causative agent. To investigate the
association between dairy products, calcium, and
saturated fatty acid and prostate cancer in Japan, where
both the intake of these items and the incidence of
prostate cancer are low, we conducted a population-
based prospective study in 43,435 Japanese men ages 45
to 74 years. Participants responded to a validated
questionnaire that included 138 food items. During 7.5
years of follow-up, 329 men were newly diagnosed with
prostate cancer. Dairy products were associated with a
dose-dependent increase in the risk of prostate cancer.
The relative risks (95% confidence intervals) comparing

the highest with the lowest quartiles of total dairy
products, milk, and yogurt were 1.63 (1.14-2.32), 1.53
(1.07-2.19), and 1.52 (1.10-2.12), respectively. A statisti-
cally significant increase in risk was observed for both
calcium and saturated fatty acid, but the associations for
these were attenuated after controlling for potential
confounding factors. Some specific saturated fatty acids
increased the risk of prostate cancer in a dose-dependent
manner. Relative risks (95% confidence intervals) on
comparison of the highest with the lowest quartiles
of myristic acid and palmitic acid were 1.62 (1.15-2.29)
and 153 (1L07-2.20), respectively. In conclusion, our
results suggest that the intake of dairy products may
be associated with an increased risk of prostate cancer.
(Cancer Epidemiol Biomarkers Prev 2008;17(4):930-7)

Introduction

Although the incidence of prostate cancer in Japan is
much lower than in western populations (1), latent
prostate cancer appears to be equally distributed across
areas with high and low incidence of prostate cancer (2).
Further, prostate cancer incidence increases in men
migrating from areas of low incidence to areas of higher
incidence (3, 4). These results support the view that the
development of prostate cancer may be impacted by
environmental factors, including diet.

In the years since World War 11, the Japanese diet has
changed to a more westernized diet. Ecologic studies
have shown an association between westernized dietary
habits and the mortality of cancers that are more
common in western countries. In particular, milk intake
shows a strong Eositive association with prostate cancer
(5). Given that the incidence of prostate cancer in Ja
has increased (6), as has the consumption of dairy foods
(7), increased dairy consumption might increase the risk
of prostate cancer in Japanese men. However, previous
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epidemiologic studies regarding dairy product intake
and prostate cancer in Japanese are few, and the results
are equivocal (8-10).

High dairy product intake in western populations has
been associated with an increased risk of prostate
cancer in case-control as well as cohort studies. A
meta-analysis of prospective studies estimated that the
excess risk of prostate cancer in men with higher
intakes of dairy products compared with those with
lower intakes was 11% (11). Moreover, a recent meta-
analysis of case-control studies showed a combined
odds ratio of 1.68 for the highest versus lowest category
of milk consumption (12).

Dairy products contain both fat and calcium. A
comprehensive review concluded that dietary fat may
be related to prostate cancer risk but that the specific fat
components responsible are not yet clear (13). On the
contrary, a recent meta-analysis of prospective studies

rted that men with the highest intake of calcium had
a 39% higher risk of prostate cancer than those with the
lowest intake (11). Average calcium intake in Japanese is
lower than in western populations, however, at <600
mg/d in men (7), whereas positive associations with
prostate cancer in previous studies were limited to those
with high intakes over 1,000 mg/d (14-18). In Japan,
dairy products are the main source of not only calcium
but also saturated fatty acid (19). In a population based
case-control study, moreover, Whittemore et al. reported
(20) that saturated fat intake was associated with a higher
risk of prostate cancer for Asian Americans than for
Blacks and Whites.

These results suggest that the effects of dairy products
and nutrients in dairy products, such as saturated fatty

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



Cancer Epidemiology, Biomarkers & Prevention

acid and calcium, on prostate cancer might differ
between Japanese and western populations.

Here, we investigated the association between the
intake of dairy products, saturated fatty acid, and
calcium and the risk of prostate cancer in a prospective
study in Japanese.

Materials and Methods

Study Population and Food Frequency Question-
naire. The Japan Public Health Center-Based Prospec-
tive Study was launched in 1990 for cohort | and in 1993
for cohort II, involving 11 prefectural public health center
areas, Details of the study design have been described
previously (21). The study was approved by the
institutional review board of the National Cancer Center
(Tokyo, Japan). In the present analysis, subj i5-
terec!y at mﬁe public hegth center area wmgut‘cl':fed
because data on cancer incidence were not available. The
study population was defined as all Japanese residents
ages 40 to 69 years at each baseline survey, who had
registered their addresses in 10 public health centers. The
initial cohort consisted of 65,801 men.

At baseline, participants completed a self-adminis-
tered questionnaire that assessed information on various
lifestyle factors and medical history. Simultamusl{, a
food” frequency questionnaire (FFQ) in the baseline
survey had 44 food items for cohort 1 and 52 food items
for cohort 11, with 4 (cohort I) or 5 (cohort 1) frequency
categories but without standard portions/units. In
contrast, the 5-year follow-up survey included a self-
administered FFQ, which included lifestyle factors,
medical history, and 138 food and beverage items with
standard ions/units and 9 freque ca ies.
Owing to 5:::;!1 greater detail, the meq t:tcuydy tltfegrz?om
used the 5-year follow-up survey as baseline and
followed the subjects from 1995 for cohort 1 and from
1998 for cohort Il until 2004. At the 5-year follow-up
survey, a population-based cohort of 58541 men was
established. After the 5-year follow-up survey, 128
subjects were found to be ineligible and were excluded
because of non-Japanese nationality (m = 28), late report
of emigration occurring before the start of the follow-up
period (11 =97), incorrect birth data (n = 1), and duplicate
registration (1 = 2), leaving 58,413 men eligible for
participation. Among eligible subjects, 46,036 men (79%)
returned valid responses to the 5-year follow-up FFQ.

The FFQ asked about the usual consumption of 138
foods and beverages during the previous year. Dairy
product consumption was assessed as the frequency of
consumption and portion size of the following food
items: “milk,” “cheese,” “yogurt,” “lactic acid drink,”
“milk in black tea,” and “milk in coffee.”” Milk is not
fortified with vitamin D in Japan. The frequency of milk,
cheese, and yogurt consumption was divided into nine
categories (almost never, 1-3 times monthly, 1-2 times
weekly, 3-4 times weekly, 5-6 times weekly, once daily,
2.3 times daily, 4-6 times daily, =7 times daily). Portion
sizes were specified, and the amounts were provided in
three categories (less than half, same, >1.5 times). Ten
frequency categories were used for lactic acid drinks
(almost never, 1-3 times monthly, 1-2 times weekly, 3-4
times weekly, 5-6 times weekly, 1 glass/d, 2-3 glasses/d,
4-6 glasses/d, 7-9 glasses/d, >9 glasses/d). Similarly, the

frequency of black tea and coffee consumption was
assessed using the 10 categories, and the amount of milk
added to the black tea or coffee was provided in five
categories (0, 05, 1, 2, 23 teas ). The total con-
sumption of dairy products (g/d) or each food (g/d) was
calculated by multiplying the frequency by the relative
portion for each food item in the FFQ. The daily intake of
calcium was calculated using the fifth revised edition
of the Standard Tables of Food Composition i Japan (22),
whereas that of saturated fatty acids and specific
saturated fatty acids (myristic acid, palmitic acid, and
stearic acid) was calculated using a fatty acid composi-
tion table of Japanese foods (23).

Validity among subsamples (102 men) was assessed
using 14- or 28-day dietary records. an’s correla-
tion coefficient between the energy-adjusted intake of
dairy products from the questionnaire and from dietary
records was 0.52 for cohort I and 0,69 for cohort II,
respectively, whereas that for energy-adjusted intake of
calcium and saturated fatty acid was 0.43 and 0.61 for
cohort 1 and 0.65 and 0.62 for cohort II, respectively. With
regard to the reproducibility of estimations between two
questionnaires administered 1 year apart, respective
correlation coefficients for the energy-adjusted intake of
dairy products, calcium, and saturated fatty acid were
0.48, 0.49, and (.53 for cohort I and 0.69, 0.70, and 0.61 for
cohort 11 (24-28).

Among the 46,036 men who responded to the
questionnaire, those with a history of prostate cancer
(n = 65) and those who extreme total energy
intake (<800 or >4,000 kcal; n = 2,536) were excluded,
leaving 43,435 men for analysis.

Follow-up and Identification of Cancer Cases. We
followed all registered cohort subjects from the S-year
follow-up survey until December 31, 2004. Changes in
residence status, including survival, were identified
annually through the residential registry in each area
or, for those who had moved out of study area,
through the municipal office of the area to which they
had moved. Among questionnaire respondents to the
S-year follow-up H§Q, 1,603 (3.5%) moved out of the
study area and 129 (0.3%) were lost to follow-up during
the study period. Incidence data for prostate cancer
were identified by active patient notification from major
local hospitals in the smg; area and data linkage with
population-based cancer registries. Death certificate
information was used as a supplementary information
source, Cases were coded using the International Classi-
fication of Discases for Oncology, Third Edition (29).

The proportion of cases of prostate cancer first notified
by death certificate was 0.9%. The proportion of case
patients with prostate cancer ascertained by death
certificate only was (.6%. These ratios were considered
satisfactory for the present study. A total of 329 newly
diagnosed prostate cancer cases were identified by
December 31, 2004. Regarding detection, 38.3% were
detected by screening, 32.2% by subjective symptoms,
and 14.0% incidentally during attendance at hospital for
another condition, whereas no information on detection
available for 155%. Advanced cases were defined by a
diagnosis of extraprostatic or metastatic cancer involving
lymph nodes or other organs. If this information was not
available, advanced cases were defined as those with a
high Gleason score (8-10) or poor differentiation. These

Cancer Epidemiol Biomarkers Prev 2008;17(4). April 2008
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criteria were selected to allow the identification of
advanced cases with a high likelihood of poor prognosis.
The remaining cases were organ localized. In this study,
there were 90 advanced cases, 227 localized cases, and 12
(4% of total) cases of undetermined stage.

Statistical Analysis. Person-years of follow-up were
calculated for each man from the date of completion of
the 5-year follow-up questionnaire survey to the date of
prostate cancer diagnosis, date of emigration from the
study area, date of death, or end of the study period
(December 31, 2004), whichever occurred first. For men
who were lost to follow-up, the last confirmed date of
presence in the study area was used as the date of censor.

The relative risks (RR) of prostate cancer were
calculated by quartile for the categories of consumption
of dairy products, milk, cheese, yogurt, calcium intake,
and saturated fatty acid intake, with the lowest con-
sumption category as the reference. RRs and 95%
confidence intervals (95% CI) were calculated by the
Cox proportional hazards model, adjusting for age at
5-year follow-up survey and study area (10 public health
centers) according to the SAS PHREG procegun? (version
9.1; SAS Institute). For further adjustment, additional
possible confounders were incorporated into the model:
smoking status (never, former, current), alcohol intake
(almost never, <3-4, >5 days/wk), marital status (yes,
no), and consumption of green tea (0, <6 times weekly,
1 cup/d, 2-3cups/d, 24 cups/d) and genistein (mg/d)
in the analysis of the association between dairy products
and prostate cancer. These variables are either known or
suspected risk factors for cancer or have been found
previously to be associated with the risk of prostate
cancer (30, 31).

Trends were assessed by assignment of the median
value in each category. All P values were two sided, and
statistical significance was determined at the <0.05 level.

Results

During 323,648 person-years of follow-up (average
follow-up, 7.5 years) for 43,435 men, a total of 329 cases
of prostate cancer were newly diagnosed and included in
the analyses.

Table 1 shows subject characteristics at baseline
according to category of dairy product consumption.
Participants with higher dairy product consumption
tended to be older, smoke less, and drink less alcohol.
The proportion of men who drank green tea daily and
that of men who lived with their wives was low in the
lowest category. The consumption of genistein increased
with the consumption of dairy products from the first to
third categories, although this consumption decreased in
the highest categories. Naturally, consumption of milk,
cheese, and yogurt increased as dairy product consump-
tion increased, As expected, intake of saturated fatty
acid calcium increased as dairy product consumption
increased.

In Table 2, we observed a strong positive association
between energy-adjusted intake of dairy products and
total prostate cancer risk. The multivariate RRs of total
prostate cancer across increasing quartiles of total dairy
products were 1.00, 1.34, 1.29, and 1.63 (95% (I, 1.14-2.32;
Pirena < 0.01). Similar findings were observed when we
analyzed the association between milk and yogurt and
total prostate cancer. Multivariable RRs for the highest
versus lowest quartile of milk and yogurt consumption
were 1.53 (95% CI, 1.07-2.19; Pyeng = 0.01) and 1.52 (95%
ClL, 1.10-2.12; Pyypng < 0.01), respectively. Intake of cheese
was not clearly associated with total prostate cancer.
Multivariable RR for the highest versus lowest quartile of
cheese was 1.32 (95% CI, 0.93-1.89; Pjung = 0.30).

Table 3 shows the RRs for the intake of energy-
adjusted calcium and whole and specific saturated fatty
acid in relation to total prostate cancer risk. On
adjustment for age and stugy area, intake of calcium
and whole and specific saturated fatty acid increased the
risk of total prostate cancer in a statistically significant
manner. Age-area adjusted RRs for the highest versus
lowest quartile of calcium and saturated fatty acid intake
were 1.2‘31 (95% CI, 1.03-1.97; Pirpny = 0.01) and 1.53 (95%
Cl, 1.12-2.08; Py,.pg = 0.01), respectively. However, when
we adjusted for further potential confounding factors, the
associations were attenuated and became statistically
nonsignificant, with multivariate RRs for the highest

Table 1. Characteristics of study subjects according to dairy products intake

Dairy products intake

Lowest Second Third Highest
Age (y) = SD A 565+ 79 556 7.7 568 £ 7.7 58179
Body mass index + SD (kg/m7) 235+ 30 2362129 236+ 28 23528
Current smoker, % 51.1 479 414 343
Alcohol intake (=5 days/wk), % 57.0 498 405 359
Green tea intake (daily), % 50.5 55.0 59.4 55.7
Men who live with their wife, % 92 834 859 836
Milk + SD (g/d) 45 + B3 443 + 430 1432 + 70.0 3283 + A9 E
Cheese + SD (g/d) 10+ 27 20+ 47 25+ 68 25271
Yogurt + SD (g/d) 09 £ 3.1 74 + 162 167 + 314 345 + B2.9
Meat + SD (g/d) 66.2 + 60.7 709 & 57.0 69.9 + 52.0 50.6 + 383
Protein + SD (g/d) 66.9 + 28.8 728 £ 29.6 93 272 721 £ 269
Genistein + SD (mg/d) 232+ 242 255 + 23.6 282 + 214 246 + 199
Saturated fatty acid + SD (g/d) 129+ 82 154 £+ 83 179 £ 79 193 + 10.0
Calcium + SD (mg/d) 3253 1 1648 4099 + 1932 555.0 + 207.1 7219 + 4106

NOTE: Values are reported as means with standard deviations.
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