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Dietary isoflavone intake and breast cancer risk in case-control
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Abstract Although epidemiologic studies have shown an
inverse association between isoflavones and breast cancer
risk, little evidence for a dose-response relation is avail-
able. We conducted hospital-based case~control studies of
patients aged 20-74 years with primary, incident. histo-
logically confirmed invasive breast cancer, and matched
controls from medical checkup examinees in Nagano,
Japan and from cancer-free patients in Sdo Paulo, Brazil. A
total of 850 pairs (390 Japanese, 81 Japanese Brazilians
and 379 non-Japanese Brazilians) completed validated
food frequency questionnaires. The odds ratio of breast
cancer according to isoflavone intake was estimated using a
conditional logistic regression model. We found a statisti-
cally significant inverse association between isoflavone
intake and the risk of breast cancer for Japanese Brazilians
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and non-Japanese Brazilians, For Japanese, a non-signifi-
cant inverse association was limited to postmenopausal
women. In the three populations combined, breast cancer
risk linearly decreased from ‘no’ to ‘moderate’ isoflavone
intake and thereafter leveled off. Compared to non-con-
sumers, adjusted odds ratios (95% confidence interval) for
consumers in increasing quintile intake categories (median
intake in each category: 8.7, 23.1, 33.8, 45.7, and 71.3 mg/
day) were 0.69 (0.44-1.09), 0.54 (0.31-0.94), 0.45 (0.26-
0.77), 0.34 (0.19-0.62), and 0.43 (0.24-0.76), respectively.
Overall, we found an inverse association between dietary
isoflavone intake and risk of breast cancer. Our finding
suggests a risk-reducing rather than risk-enhancing effect
of isoflavones on breast cancer within the range achievable
from dietary intake alone. In addition, women may benefit
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from risk reduction if they consume at least moderate
amounts of isoflavones.

Keywords Breast cancer - Dietary isoflavones -
Case—control study - Immigrants

Abbreviations

Cl Confidence interval

ER  Estrogen receptor

FFQ Food-frequency questionnaire
OR  Odds ratio

PR Progesterone receptor

Introduction

Soy foods, which are rich in isoflavones, are habitually
consumed by Asian populations in large amounts. Isoflav-
ones, of which genistein and daidzein are major examples,
are classified as phytoestrogens, which are plant-derived
non-steroidal compounds with estrogen-like biological
properties. A high intake of isoflavones has therefore been
hypothesized to contribute to the lower incidence of breast
cancer in Asia than Western countries [ 1]. This hypothesis is
supported by not only in vitro studies at high genistein
concentrations and the majority of animal studies [2, 3] but
also epidemiological studies [4-10]. In particular. a recent
meta-analysis showed a small decrease in risk of breast
cancer with higher soy intake [11] while a more recent meta-
analysis indicated that risk reduction was limited to Asian
populations [12]. In apparent contradiction to potential
protective effects, however, genistein exhibits estrogenic
properties at low concentrations, which could theoretically
enhance breast cancer risk [2, 3], and some animal studies
have in fact rcported that genistein stimulates tumor
development and growth [13, 14].

Although research remains insufficient for any compre-
hensive determination of whether isoflavones are protective
or harmful for breast cancer, interest in soy foods and iso-
flavones is nevertheless increasing. This increase may
reflect an expectation of potential benefits in a wide vanety
of medical conditions, including cancer of the endometrium
and prostate as well as breast, cardiovascular diseases,
osteoporosis, and menopausal symptoms. In fact, con-
sumption of soy foods in the United States has increased
over the past ten years, against fairly constant intake in
Japan over the past four decades [15]. Moreover, phytoes-
trogen supplements are commercially marketed for use by
postmenopausal women as natural and safe alternatives to
hormone replacement therapy. A dose-response pattern, in
particular the effect of relatively high-dose isoflavones on
breast cancer risk, is thus now of concemn. Nevertheless,
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little evidence of any dose-response relationship is avail-
able—indeed, we do not know the answer to ‘how much
isoflavones is needed?” This is panly because few studies
have estimated isoflavone intake using a validated food-
frequency questionnaire (FFQ) [4-6, 16, 17], and also
because most studies in Westem countries have involved
only a small variation in isoflavone intake [6, 7, 16-20].
Here, to evaluate the dose-response relationship
between isoflavone intake and the risk of breast cancer,
ranging from zero to the relatively high levels achievable
from dietary intake only, we conducted hospital-based
case—control studies in Nagano, Japan and Sdo Paulo,
Brazil, areas with a low and middle incidence of breast
cancer, respectively (age-standardized rate per 100,000
world population, 32.7 and 46.0 in 2002, respectively) [21],
using validated FFQs with relatively high validity in three
populations: Japanese living in Japan, Japanese Brazilians
living in Sdo Paulo, and non-Japanese Brazilians living in
Séo Paulo. The morality of breast cancer among these
three populations has increased over the last 20 years, with
that in Japanese Brazilians intermediate between that in
Japanese and Brazilians [22]. In addition, because amounts
and vanations in 1soflavone intake are expected to be high
and large for Japanese, intermediate and relatively large for
Japanese Brazilians, and low and small for non-Japanese
Brazilians, respectively, these populations serve as suitable
venues for studies of the effect of dose-response relations,

Materials and methods
Study subjects

These multicenter, hospital-based case—control studies of
breast cancer were designed to determine lifestyle factors
and genetic susceptibility to the risk of breast cancer and to
compare potential risk factors among Japanese living in
Nagano, Japan, and Japanese Brazilians and non-Japanese
Brazilians living in S3o Paulo, Brazil. Eligible cases were a
consecutive series of female patients aged 20-74 years
with newly diagnosed and histologically confirmed inva-
sive breast cancer. Cases were recruited between 2001 and
2005 at four hospitals in Nagano, and between 2001 and
2006 at eight hospitals in Sdo Paulo. A total of 405 cases
(98%) participated in Nagano, and 83 Japanese Brazilians
(91%) and 389 non-Japanese Brazilians (99%) in Sdo
Paulo. In the study in Nagano, eligible controls were
selected from medical checkup examinees in two of the
four hospitals and confirmed not to have cancer. One
control was matched for each case by age (within 3 years)
and residential area during the study period. Among
potential controls, one examinee refused to participate and
two refused to provide blood samples. Consequently, we
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obtained written informed consent from 405 matched pairs.
In the study in Sdo Paulo, eligible controls were prefer-
entially selected from cancer-free patients who visited the
same hospital as the index cases. One control was matched
for each case by age (within 5 years) and ethnicity during
the study period. Among potential controls, 22 patients
refused to participate (participation rate = 96%). Conse-
quently, we obtained written informed consent from 472
matched pairs (83 for Japanese Brazilians and 389 for non-
Japanese Brazilians). The study protocol was approved by
CONEP (Comissdo Nacional de Etica em Pesquisa),
Brasilia, Brazil and by the institutional review board of the
National Cancer Center, Tokyo, Japan.

Data collection

Participants in Nagano were asked to complete a self-
administered questionnaire, while in-person interviews
were conducted by trained interviewers using a structured
questionnaire in Sdo Paulo. The two questionnaires con-
tained closely similar questions conceming demographic
characteristics, medical history, family history of cancer,
menstrual and reproductive history, anthropometric factors,
physical activity, and smoking habits. For dietary habits,
we used a semi-quantitative FFQ (136 items for the Japa-
nese version and 118 items for the Brazilian version) which
was developed and validated in each population [23, 24].
Information on estrogen receptor (ER) and progesterone
receptor (PR) status was obtained from medial records.
Hormone receptor status was determined by either enzyme-
linked immunoassay or immunohistochemical assay. Hor-
mone receptor positivity values were determined either as
specified by the laboratory that performed the assay, or in
accordance with the laboratory's written interpretation
thereof, or both.

Dietary assessment

In the FFQ, participants were questioned on how often they
consumed the individual food items (frequency of con-
sumption), as well as relative sizes compared to standard
portions. Response choices for frequency were never or
less than once/month, 1-3 times/month, 1-2 times/week,
34 times/week, 5-6 imes/week, once/day, 2-3 times/day,
4-6 times/day, and 7 times/day or more, and relative sizes
to a standard portion were small (50% smaller than stan-
dard), medium (same as standard), and large (50% larger).
For the Japanese version, white rice intake was determined
in terms of the relative size of the rice bowl used and the
frequency of intake, with the nine choices of less than 1-10
bowls per day. Frequency for miso soup intake was given
in the six choices of almost never, 1-3 times/month, 1-2
times/week, 3-4 times/week. 5-6 times/week, or daily,

while amount was given in nine categories ranging from
less than 1-10 bowls per day, without reference to the
relative size of the bowl used. Daily food intake was cal-
culated by multiplying frequency by standard portion and
relative size for each food item in the FFQ. Daily intakes of
genistein and daidzein were calculated using a food com-
position table of isoflavones developed previously [25, 26].
Isoflavone intake was defined for this study as the sum of
genistein and daidzein intake. Other nutrients were calcu-
lated using the Japanese Standard Tables of Food
Composition, 5th ed. for the Japanese version [27] and the
United States Department of Agriculture (USDA) food
composition tables for the Brazilian version [28]. For some
Japanese-specific foods in the Brazilian version, the Japa-
nese Standard Tables of Food Composition, 5th ed. was
used.

The validity of isoflavone intake estimated from the
Japanese version of the FFQ was evaluated in a subsample
of the Japan Public Health Center-based Prospective Study,
which includes Nagano as one of the study areas. The
estimated intake according to the FFQ was compared to
that in four consecutive 7-day dietary records, one con-
ducted in each the four seasons. Spearman’s correlation
coefficients between energy-adjusted genistein and daidz-
ein intake estimated from the FFQ and from dietary records
were 0,59 for genistein and 0,60 for daidzein [24]. For the
Brazilian version, the validity of isoflavone intake esti-
mated from the FFQ was evaluated in a subsample of the
control group in this case-control study by comparing the
estimated intake according to the FFQ to that in two con-
secutive 4-day dietary records, one each in two seasons.
Spearman’s correlation coefficients between energy-
adjusted genistein and daidzein intake estimated from the
FFQ and from dietary records were 0.76 for genistein and
0.76 for daidzein (unpublished data).

Statistical analysis

We excluded subjects who reported extremely low or high
total energy intake (<500 or = 4000 Kcal), leaving 390
pairs of Japanese, 81 pairs of Japanese Brazilians and 379
pairs of non-Japanese Brazilians for use in the present
analyses. Comparison of baseline characteristics between
cases and controls was evaluated by the Mantel-Haenszel
test using matched-pair strata in each population. Dietary
intake of isoflavones was adjusted for total energy intake
by the residual method and divided into median or tertile
categories based on control distribution for Japanese and
Japanese Brazilians, respectively. Because of the small
proportion of consumers, non-Japanese Brazilians were
categorized into non-consumers and consumers of iso-
flavones. Using a conditional logistic regression model, we
calculated odds ratios (ORs) and 95% confidence intervals
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(CIs) of breast cancer for isoflavone intake. An uncondi-
tonal logistic regression model was used for stratified
analyses according to menopausal status. Associations
between isoflavone intake and hormone receptor-defined
breast cancer were assessed by an unconditional polytom-
ous logistic regression model. Linear trends for ORs were
tested in the logistic regression model using the exposure
categories as ordinal variables. The following variables,
which were mainly selected based on comparison of
baseline characteristics between cases and controls, were
adjusted for as potential confounders: menopausal status,
number of births, family history of breast cancer, smoking
status, moderate physical activity in the past 5 years, and
vitamin supplement use. We did not include a history of
benign breast disease as a covariate since we regarded it as
an intermediate variable in the causal pathway berween
isoflavone intake and breast cancer. All p values reponed
are two-sided, and significance level was set at P < 0.05.
All statistical analyses were performed with SAS software
version 9.1 (SAS Institute, Inc., Cary, NC),

Results

Characteristics of cases and controls and isoflavone
intake (Table 1)

For Japanese, the proportion of premenopausal women,
current smokers, and vitamin supplement users was higher
in cases than in controls, and cases tended to have a family
history of breast cancer and history of benign breast dis-
ease, Cases were less likely than controls to breast-feed, be
physically active, and eat vegetables. For Japanese Bra-
zilians, cases were less likely than controls to give birth
and be physically active and more likely to eat vegetables
and fruits, For non-Japanese Brazilians, the proportion of
premenopausal women and current smokers was higher in
cases than controls while the proportion of physically
active women and vitamin supplement users was lower,
Isoflavone intake substantially varied among populations,
with mean intakes (mg/day) in control subjects of 46.1 for
Japanese, 24.9 for Japanese Brazilians, and 4.4 for non-
Japanese Brazilians, Because genistein and daidzein
intakes were highly correlated, with a Spearman’s corre-
lation coefficient for the three populations of 0.99, only
isoflavone intake was used for the following analyses.

ORs in the three populations (Table 2)
We found a statistically significant inverse association
between isoflavone intake and the nisk of breast cancer for

Japanese Brazilians and non-Japanese Brazilians but not
for Japanese. Adjusted OR for the highest versus lowest
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tertile of isoflavone intake was 0.25 (95% CI 0.09-0.68; P
for trend <0.01) for Japanese Brazilians. For non-Japanese
Brazilians, adjusted OR for consumers versus mon-con-
sumers of isoflavones was 0.56 (95% CI 0.35-0.90). No
substantial change was seen after further adjustment for
other potential confounders, such as age at menarche, age
at menopause, age at first birth, history of breast feeding,
body mass index, alcohol drinking, or vegetable and fruit
intake.

A stratified analysis according to menopausal status
revealed that an inverse association was limited to post-
menopausal women in Japan although it was not
statistically significant. Adjusted OR for the highest versus
lowest tertile of isoflavone intake was 0.62 (95% CI 0.38—
1.01; P for trend = 0.06) for postmenopausal women, but
1.35 (95% CI 0.72-2.54; P for trend = 0.41) for pre-
menopausal women. The inverse association was stronger
in premenopausal than postmenopausal women for Japa-
nese Brazilians but no remarkable difference between the
two strata was seen for non-Japanese Brazilians.

ORs of hormone receptor-defined breast cancer
(Table 3)

Information on the combined ER and PR status of the
breast tumor was available for 387 (99%) Japanese, 61
(75%) Japanese Brazilians, and 264 (70%) non-Japanese
Brazilians cases. The following subtypes were used for
modeling in an unconditional polytomous logistic regres-
sion model: positive for both receptors (ER+/PR+), ER-
positive and PR-negative (ER+/PR—), and negative for
both receptors (ER—/PR—) for Japanese, and ER+/PR+,
ER+/PR—, ER—/PR—, and unknown for Japanese Bra-
zilians and non-Japanese Brazilians. Overall, we found no
remarkable difference in risk by hormone receptor-defined
subtype.

Dose-response pattern (Table 4; Fig. 1)

To evaluate dose-response relations using a wide range of
isoflavone intake, we combined individual study data from
three populations and categorized the subjects into six
groups, namely non-consumers and quintiles among
isoflavone consumers based on the combined control dis-
tribution, Compared to non-consumers, adjusted ORs (95%
CT) for consumers in increasing quintile categories (median
intake in each category: 8.7, 23,1, 33,8, 45.7, and 71.3 mg/
day) based on a conditional logistic regression model were
0.69 (0.44-1.09), 0.54 (0.31-0.94), 0.45 (0.26-0.77), 0.34
(0.19-0.62), and 0.43 (0.24-0.76), respectively, A stratified
analysis according to menopausal status based on an
unconditional logistic regression model revealed that this
inverse association was more prominent in postmenopausal



Breast Cancer Res Treat

Table 1 Charactenistics of case and matched control subjects

Japanese living
in Nagano. Japan

Japanese Brazilians hiving
in Sio Paulo, Brazil

Non-Japanese Brazilians
living in Sio Paulo, Brazil

Cuase

Control
(n=390) (n=2390)

Age (years), mean 538 540
Premenopausal women, % 46 35
Age at menopause (years), mean® 49.0 494
Age at menarche (years), mean” 13.4 13.2
Nulliparous women, % 13 14
Number of births (>4 births), % 2 3
Age at first birth (years), mean®™ © 269 26.4
Breast feeding (yes), %" 91 96
Oral conraceptives user, % i 3
Family history of breast cancer, % 1 6
History of benign breast discase, % 12 7
Height (cm), mean” 1553 155.5
Body mass index (kg/m”), mean” 227 23.0
Smoking (current smoker), % 8 5
Alcohol dnnking (regular drinker), % 26 29
Moderate physical activity past 5 years (yes), % 32 40
Vitamin supplement user, % I8 12
Total energy intake (keal/day), mean” 1881.6 1949.3
Fish and shellfish intake (g/day), mean” 87.6 944
Meat or red meat intake (g/day), mean®™ ¢ 58.1 5.6
Vegetable intake (g/day), mean® 257.6 310.5
Fruit intake (g/day), mean" 288.6 287.7
Isoflavone intake (mg/day), mean” 435 46.1
Genistein intake (mg/day), mean” 270 28.6
Daidzein intake (mg/day), mean” 165 17.5

P~ Case Conwol F Case Control P*
(n=281) (n=_81) (n = 379) (n=379)
- 56.6 56.5 - 524 S5 -
<001 il 30 0.80 42 38 0.04
015 499 50.6 0.73 49.1 484 0.13
042 12.9 129 0.20 13.2 13.1 0.96
0.66 23 16 024 11 10 0.91
0.16 7 20 0.02 29 35 0.10
0.42 28.6 215 025 23.2 2.5 0.24
0.03 92 91 0.56 88 91 0.67
1.00 29 36 0.30 63 65 n.62
0.02 15 12 0.65 6 6 0.88
0.03 12 6 0.17 T 7 1.00
050 1540 153.9 091 1582 158.4 0.96
0.07 243 245 043 26.6 261 011
«<0.01 11 2 0.07 17 11 0.04
0.25 2 L] 0.26 O 6 0.65
0.02 19 32 003 9 14 0.03
0.03 19 26 027 3 9 <0.01
0.27 16620 1587.7 044 1847.0 17528 0.09
0.11 274 30.5 0.56 13.7 16.6 0.24
0.36 543 533 0.44 721 64.2 0.14
<101 1467 93.0 <0.01 T3 864 0.96
0.69 3640 311.0 0.02 2602 2509 0.35
<0.01 165 249 0.15 1.1 4.4 .01
<001 102 158 0.15 0.73 3l 0.01
<001 6.3 9.1 0.15 0.33 1.4 0.01

* P for Mantel-Haenszel test with maiched-pair strata
 Adjusted for age
© Among parous women

“ Meat intake for Japancase and red meat intake for Japanese Brazilians and non-Japanese Brazilians

than premenopausal women. To clarify the effect of high
isoflavone intake in detail, subjects were further catego-
rized into 11 groups, namely non-consumers and deciles of
isoflavone consumers. We found a linear decrease in breast
cancer risk from zero 1o moderate intake (20-30 mg/day)
and a leveling-off thereafter based on a conditional logistic
regression model (Fig. 1). No increasing trend was found
for relatively high intake.

Discussion

In these case—control studies of Japanese, Japanese Bra-
zilians, and non-Japanese Brazilians, overall, we found an
inverse association between dietary isoflavone intake
and the risk of breast cancer. Our finding is in general

agreement with those of a recent meta-analysis [11] and in
five of the ten previous studies examining the association
between isoflavone intake as estimated by FFQ and breast
cancer risk [4-8]. It is noteworthy that, although several
experimental studies have suggested adverse effects from
soy constituents [2, 3, 13, 14], no epidemiological study
estimating isoflavone intake by FFQ has reported an
increased risk of breast cancer. Our study also suggests a
risk-reducing rather than risk-enhancing effect of isoflav-
ones on breast cancer within the range achievable from
dietary intake alone. It remains unclear, however, whether
isoflavone exposure other than dietary intake is associated
with the risk of breast cancer.

We found a linear decrease in breast cancer risk from
zero to moderate intake (20-30 mg/day) and thereafter a
leveling-off. This dose-responses pattern might imply the
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Isoflavone intake (mg/day)

Fig. 1 Odds ratios (ORs) and 95% confidence intervals of breast
cancer according to dietary isoflavone intake based on combined
individual data from three populations. Subjects were categonzed into
11 groups: non-consumers and deciles of isoflavone consumers based
on the control distribution. ORs were estimated using matching pairs
with adjustment for menopausal stitus (premenopausal women,
postmenopausal women), number of births (0, 1, 2, 3, 4, 5+), family
history of hreast cancer (yes, no), smoking status (never, past, camment
smokers), moderate physical acuvity in the past 5 years (no, less than
3 days/month, 14 days/week, more than 5 days/week), and vitamin
supplement use (yes, no)

presence of a ceiling effect and suggests that women may
benefit from risk reduction if they consume at least a
moderate amount of isoflavones. Alternatively, it might
merely reflect differences in measurement errors due to the
use of different FFQs, selection bias, and residual con-
founding among the three populations, notwithstanding
that 1t clearly reflected the results of separate analyses.
Specifically, consumers had lower risk than non-consumers
in non-Japanese Brazilians, whose average intake of iso-
flavone was 4.4 mg/day among the control group; the risk
of breast cancer decreased with increasing intake of iso-
flavone in Japanese Brazilians, whose average intake of
isoflavone was 24.9 mg/day among the control group;
while higher intake of isoflavone was not associated with
further risk reduction in Japanese, whose average intake of
isoflavone was 46.1 mg/day among the control group.
Confirmation of this pattem would require further pro-
spective cohort studies using blood or urine samples as an
exposure assessment, because these could minimize the
measurement errors and selection bias mentioned above.
Our stratified analysis by menopausal status using data
from the three populations combined showed that an
inverse association was more prominent among postmen-
opausal than premenopausal women. In addition, our
separate analyses showed somewhat different pattems in
the three populations: the inverse association was limited to
postmenopausal women in Japanese; it was stronger in
premenopausal than postmenopausal women in Japanese
Brazilians; and no remarkable difference was found in non-
Iapanese Brazilians. These findings are inconsistent with a
recent meta-analysis showing an inverse association
regardless of menopausal status [11]. Moreover, findings to
date on the association of isoflavone intake and the risk of

breast cancer stratified by menopausal status have been
inconsistent, with one prospective cohort study in Japan [4]
and one case-control study in the United States [8]
reporting that an inverse association was limited to post-
menopausal women; one case-control study in Japan [5]
showing it was limited to premenopausal women; and one
prospective cohort study in the United States [16] and three
case~control studies [6, 17, 18] finding no difference
between the two strata.

Several mechanisms by which isoflavones may reduce
the risk of breast cancer have been proposed [2, 3]. The
most prominent and thoroughly investigated mechanisms
are mediated via estrogen receptors, arsing due to the
similar chemical structure of isoflavones to the human
estrogen hormone and their binding affinity to estrogen
receptors [3, 29]. Given that the action of estrogen on
breast cell proliferation appears to be mediated by estrogen
receptors, therefore, any association between isoflavone
intake and breast cancer risk might differ by hormone
receptor-defined subtype. The present study did not support
this hypothesis, however, showing no apparent difference
in risk by subtype. Moreover, results for the few studies to
date have been inconsistent [7, 16, 18, 19]. Although our
findings might merely be explained by a lack of statistical
power, they suggest that the anti-cancer effects of iso-
flavones might be evoked not only by mechanisms
mediated by esirogen receptors but also by other mecha-
nisms, such as the modulation of endogenous hormones via
inhibition of the key enzyme involved in estrogen bio-
synthesis and metabolism; the arrest of cell cycle
progression; induction of apoptosis; inhibition of tyrosine
kinase activity, topoisomerase II activity, and angiogene-
sis; and antioxidant activity (2, 3].

Our study has several methodological advantages over
previous studies of isoflavones and the risk of breast can-
cer. First, isoflavone intake differed considerably among
the three populations, with median levels (interquartile
rage) in the control group (mg/day) of 40.6 (25.9-61.2)
among Japanese, 13.4 (8.1-35.0) among Japanese Brazil-
ians, and 0 (0-0) among non-lapanese Brazilians. This
range allowed the detailed evaluation of dose-response
relations, ranging from zero to a relatively high level
achievable from dietary intake only, and is unique to the
present study. Second, the overall consistency of findings
in the three populations allowed for the greater generaliz-
ability of results as compared to those from a single
population,

Several limitations of this study warrant mention. First,
dietary intake of isoflavone was assessed after the diagnosis
of breast cancer and is therefore sensitive to recall bias.
Second, although the substantially high participation rates
among both eligible cases and controls minimized potential
biases related to control selection, the use of controls from
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medical checkup examinees and cancer-free patients,
whose dietary habits may differ from the general popula-
tion due to health consciousness or disease, might have
lead to selection bias. Third, stratified analyses were per-
formed based on a relatively small number of cases. The
interpretability of our results might therefore be limited.

Allowing for these methodological issues, we found an
inverse association between dietary isoflavone intake and
the risk of breast cancer in case-control studies of Japa-
nese, Japanese Brazilians, and non-Japanese Brazilians.
Our findings suggest a risk-reducing rather than risk-
enhancing effect of isoflavones on breast cancer within the
range achievable from dietary intake alone. In addition,
women may benefit from risk reduction if they consume at
least moderate amounts of isoflavones.
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ABSTRACT

Background: Quantitative measures of the burden of tobacco smoking in Asian countries are limited. We esti-
mated the population attnibutable fraction (PAF) of mortality associated with smoking n Japan, using pooled data
from three large-scale cohort studies

Methods: In total, 296,836 participants (140,026 males and 156,810 females) aged 40-79 years underwent base-
line surveys during the 1980s and early 1990s. The average follow-up period was 9 6 years. PAFs for all-cause mor-
tality and individual tobacco-related discases were estimated from smoking prevalence and relative nisks

Results: The prevalence of current and former smokers was 54.4% and 25.1% for males, and 8 1% and 2 4% for
females. The PAF of all-cause mortality was 27 8% [95% confidence interval (CI): 25.2-30.4] for males and 6.7%
(95% CI: 5.9-7 5) for females. The PAF of all-cause mortality calculated by summung the disease-specific PAFs
was 19.1% (95% CI. 16.0-22.2) for males and 3.6% (95% CI: 3.0-4 2) for females. The estimated number of deaths
attnbutable to smoking in Japan in 2005 was 163,000 for males and 33,000 for females based on the former set of
PAFs, and 112,000 for males and 19,000 for females based on the latter set. The leading causes of smoking-atiribut-
able deaths were cancer (61% for males and 31% for females), 1schemic heart diseases and stroke (23% for males
and 51% for females), and chronic obstructive pulmonary diseases and pneumonia (11% for males and 13% for
females)

Conclusion: The health burden due to smoking remams heavy among Japanese males. Considerng the lugh prev-
alence of male current smokers and increasing prevalence of young female current smokers, effective tobacco con-
trols and quantitative assessments of the health burden of smoking need to be continuously implemented mn Japan.

Key words: Cohort Studies, Population, Risk, Smoking.

selected causes of death, including all causes.’ all cancers,”

INTRODUCTION

Smoking is a major preventable cause of premature mortality
Estimating the mortality attributable to smoking 1s necessary
in order to assess the health burden that 1t causes within a
population, and such estimates have accordingly been
performed in many countries and regions.'** In Japan, recent
studies have estimated the population impact of smoking on

lung cancer® pancreatic cancer.” and cardiovascular
diseases.'? Since smoking causes many diseases, including
numerous other types of cancer and cardiovascular,
respiratory, and digestive diseases,'"'? a comprehensive
approach 1s needed to fully understand its health burden
Single cohort studies, however, do not mclude sufficiently

large sample sizes to enable examination of the health effects
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of smoking on diseases with low mortality or incidence rates,
particularly among populations with a low prevalence of
smoking such as Japanese females. A histoncal large-scale
cohort study n Japan, the Hirayama study, estmated the
fraction of deaths attnibutable to smoking for many diseases
among approximately 265,000 participants'® The baseline
survey for the Hirayama study was conducted in 1965, and
the follow-up was continued untl the end of 1982. In the
nearly 40 years since the Hirayama study began, the hst of
diseases known to be caused by smoking has been altered and
expanded ' The purpose of the present study was, therefore,
to esumate the population attnibutable fracton (PAF) of
mortality caused by smoking in Japan in a comprehensive
manner, based on the updated list of smoking-related
diseases, and using data from nearly 300,000 participants of
three large-scale Japanese cohort studies.

METHODS

Study Population

The present study used pooled data from three ongomng
prospective studies in Japan: (1) the Japan Public Health
Center-based Prospective Study (JPHC study),'® which
compnses two different cohorts (JPHC-1 and JPHC-II) with
different baseline survey years. (2) the Three-Prefecture
Cohort Study (3-pref stud}')'.” and (3) the Japan
Collaborative Cohort Study (JACC study) "7 For each
cohort, we collected baseline and follow-up data from each of
the participants aged 40-79 years at baseline (40-59 years for
the JPHC-I cohort, 40-69 years for the JPHC-II cohort, and
40-79 years for the 3-pref and JACC cohorts). The numbers
of participants mn the ongmal dataset collected from each
cohort were 61,595 for the JPHC-I cohort, 78,825 for the
JPHC-II cohort, 108,774 for the 3-pref cohort, and 110,792
for the JACC cohort. For participant selection, we apphed the
following exclusion cntena: (1) moving out of the study area
before the begmning of the follow-up, (2) meligible age
(younger than 40 years or older than B0 years), and (3)
unknown outcome. We applied the followng additional
exclusion criteria to the data from the JPHC-1 and JPHC-II
cohorts: (1) foreign nationality, (2) refusal to participate in the
follow-up, (3) duplicate registration, and (4) unavailability of
baseline questionnaire data. The number of participants in
each cohort after the exclusion eniteria had been applied was
50,217 for the JPHC-I, 63,189 for the JPHC-II, 104,876 for
the 3-pref, and 110,792 for the JACC. From the combimned
329,074 (148,929 males and 180,145 females) participants,
we excluded 4,283 (1,719 males and 2,564 [females)
duplicates who were enrolled in both the 3-pref study and the
JACC study, and 27,955 (7,184 males and 20,771 females)
participants who had incomplete smoking data. As a result,
296,836 participants (140,026 males and 156,810 females)
were included m the analysis, which covered 26 of Japan’s 47

J Epidemiol 2008; 18(6) 251-264

prefectures (55%). The charactenstics of the participants
mcluded mn the analysis are summanzed in Table 1 Ths
pooled study was approved by the mstitutional review board
of the Nauonal Cancer Center, Japan.

Smoking Assessment

In each of the three studies, smoking habits were assessed by
self-admimistered questionnamires. Although the style of the
questions differed slightly,'® all of the studies included
questions concerning current smoking status, age at initiation
of smoking, average number of cigarettes smoked per day,
and age at cessation of smoking for former smokers. The
smoking status at baseline was classified mto three
categories: never-smoker, current smoker, and former smoker
Current smokers included occasional smokers (JPHC-] and 3-
pref studies).

Follow-up

The average follow-up period was 9.6 [standard dewiation
(SD): 23] years (Table 1), Resmdential status, including
survival, date of death, and date of moving out of the study
area, was confirmed through the residential registries kept in
the mumcipalities of the study areas. Information on the cause
of death was confirmed by vital statistics files obtained with
official permission

Causes of Death

The endpoint of the present study was defined as death during
the observation period We selected the causes of death from
the diseases judged to be “causally related” to active smoking
in the Surgeon General's report of 2004'2 or the International
Agency for Research on Cancer (IARC) Monograph volume
83,11 and grouped these nto “tobacco-related diseases™ (the
ICD-9 and ICD-10 codes are listed in the Appendix). We also
analyzed all-cause deaths and the following four major
disease groups: all cancers, all cardiovascular diseases
(CVDs), all respiratory system diseases, and all digestive
system diseases

Statistical Analysis

The person-years of follow-up were calculated from the date
of the baselne questionnaire to whichever of the following
events occurred first the end of the follow-up for each study,
the date of death, or the date of moving out of the study area
The hazard ratio (HR) and 95% confidence mterval (CI) were
used to describe the relative nsk for current. former, and ever-
smokers compared with never-smokers The Cox
proportional hazards model was used to adjust for age
(continuous variable), using the SAS® PHREG procedure
(version 8.02, The SAS Institute, USA)

In order to express the impact of tobacco smoking on the
study population, the PAF (%) was estimated for all causes
and specific causes of death. For each disease group, the PAF
was caleulated using the following equation:




uolenap piepuels |s
Sa{eWwa JO) %0'8 PUE '%E 27 ‘%G GF '%Z ¥E 'SO[BIW IO} %G L PUB ‘%E' LT "%E'SE "%6 GE 'SMOIIo) Se sem ejep pajood ay) o (pjo sieak 62-0 Pue '6S-09 '65-0G '6Y-0F) Loanquisip abie auy §
“aIMOajald eNESO U Nsjo-wnz| -1

‘uNPajaly 0AY0L Ul BaJR EXIYSNSIEY| |

saunpejaid eBES pUE ‘N4 ‘BWIYSANH 'HOROL ‘eweAexep '0BoAH ‘ojoky ‘eBiys 'nyio ‘oueBe 'luseuewea ejebiN ‘emeSeuey) 'eqiud 1BIYO0L ‘HRIEA] 'BINY ‘OPIBOH

fpnig poyoD areioqeyon ueder DOV Apis Hoyoo ainpajaid-aauy ) jaud-£ 'Apnis angdadsold paseq-1auaD UiesH di|and ueder :OHdN

(wcee) meori (weZd  wise WL LT oor W6 S DIgaGL  eewed
™ (wg02) L'm (w152 60%e (wres) 2ol ooy 8 s woon wew  (eT9s payoay
®
.m e
o £ Busmewan ey ul sIoAANE
M QWO AWOE 10 ONG BB FROSE NS
v (maze) ever (WL G528 wos)  wO'C eor (L) £is nIEEs oewey 10 UONELGI0) Sease 02 W ydeoxe ‘ueder nouBnoag
Aoy e B jo mued ajoud §|
(wg0z) 1ol erazl  pZ'HL (WOEG) 06922 6ror (0L TS eTETY wen (zZ)B6 6661 'LE Jequiadeq 06619851 ‘weaw zz Ui quopsey  salienia 1o sumo ‘se00 oy 0N
(wrvd) gevof  (We) e (w6W)  eels B0v  (GOL) TGS vOL'ER  WjEwad (0002 ‘92 ‘04 yeaim su0) (D861 'L 290 yeaie Q) sanejoid wyeeQ
puw ‘ony illefiy w
(%i'2s) o65L (wig2) val'll (wais)  eso's B0y Zo) vvs  cSewr oEw (LZIGe  GBEI ME DOTEBL LE URr  GEBL L AONEISL L 084 ROIE RO L) BUGOISAY BP0 'Sumal ‘SaI OL et
ANy samgaad
EHER0) L ANy uRay YOO PUR BMEUND
(wive) #£Zoe  (wes)  zog (weld sove g0y (BE) O QU'EE  SEwed L1 d ‘mesefen W
G VRN &g 1 BRI SEued ‘el THRIRg) W SRR
(wg ezl ses9 (msvz) ozt (w0TS) ceE'SL eror (el T N ol (LU0l 002 'i£ Mequuacag ¥68L-C581 LA N USED U SRBE0Y MU0 yueey and B DM
Rl
(wieel sigez  (we2) w9 (=8 080T eeor (8] ey Logar  epewey (wes1-0651 | (wae sun) hxay s MR eey saumoaeud okyo)
0 J0 U] s aydud puE Bmeung ouefiey
(weez) sov's  Iwiex) eors  (wmoes) emsll esor  lo9) oer eLreZ s (gUros 0002 "1£ MawaseQ 0661 ¥R 4 U POIE 133 Y e 4 seaie
Yy gnd YIRS ) BUPINEY soquad yumey oand §  1-OMdr
e 1004 waung suey  (0g)sbeiaay (gs) wead
g dr-sopny dr-sogoy jo pu3 ol aumesey SHSIEIND QUi xuty wouy bouyed
() sunoseq je ses Bumows limad) auneseq 18 aly abeiany

sjuedopied pue sajpns 1oyo2 pajood ay Jo safisuajoeIeYD | 3|qeL

J Epidemiol 2008; 18(6) 251-264




254

PAF =P4 (HR, - 1)HR,, (1)
where Py 1s the proportion of exposed among those who died
of a given cause of death, and HR, 1s the age-adjusted HR for
that cause of death'” The Greenland formula was used to
calculate the 95% CI for the PAF *° For all-cause mortality,
the PAF was calculated m two ways. The first was by
equation (1) using the HR for all-cause mortality. The second
was by calculating the weighted sum of the PAF for each
disease as follows:
PA'FnIl-mu: =1 (PA'F! X Dl)"D-I.I- {2)
where PAF, and D; indicate the PAF and the number of
deaths, respectively, for each tobacco-related disease 1, and
D, indicates the number of all-cause deaths. It should be
noted that equation (2) assumes that the PAF for diseases
other than tobacco-related diseases is zero. The PAF for “total
tobacco-related diseases”™ was calculated by equation (I)
using the HR for overall mortality from tobacco-related
diseases.

The annual number of smoking-attributable deaths in Japan
was calculated using the vital statistics data of 2005 using two
methods: first, by multiplying the sex-specific total number of

Smoking-attributable Mortality In Japan

deaths i Japan by the PAF of ever-smoking for all-cause
mortality calculated by equation (1); and, second, by
summing the sex-specific number of deaths from each
tobacco-related disease in  Japan weighted by the
corresponding PAF of ever-smoking. Since the number of
deaths from abdominal aortic aneurysm was not available in
the published data, the number of deaths and the PAF of
aortic aneurysm and dissection were used instead

RESULTS

The prevalence of current and former smoking at baseline
among the pooled participants was 54.4% and 25.1% for
males and 8 1% and 2.4% for females, respectively (Table 1)

During the 2,855,396 person-years of follow-up (1,325,004
males and 1,530,392 females) for 296,836 participants, a total
of 25.700 deaths (male: 16,282, female: 9.418) were recorded
The numbers of deaths from major causes for males were
6.505 (40.0%) for cancer, 4,306 (26.4%) for CVD, 1,587
(9.7%) for respiratory system diseases, and 596 (3.7%) for

Table 2. Disease-specific, age-adjusted hazard ratio according to smoking status for males

Age-adjusted hazard ratio (vs. never-smokers)

Cause of death (95% confidence interval)’
Current smokers Former smokers Ever-smokers
All-causa 163 (1.56-1.70) 1.27 (121-133) 149 (1.43-155)
Total tob -related di 1.85 (1.74-197) 1.40 (130-150) 167 (157-1.78)
All cancers 197 (1.83-213) 1.50 (1.38-163) 1.79 (167-193)
Total tobacco-related cancers 232 (212-254) 164 (149-182) 2.06 (1.89-226)
Lip, oral cavity, and pharynx* 266 (1.48-477) 1.89 {1.00-358) 237 (134-420)
Esophagus* 338 (2.25-509) 222 (143-346) 2.96 (198-442)
Stomach* 1.51 (1.29-1.77) 128 (1.08-152) 1.42 (1.22-166)
Livers 1.81 (1.49-220) 1.63 (132-201) 1.74 (144-211)
Pancreas* 158 (1.18-211) 1.18 (086-16865) 143 (1.08-180)
Larynx* 547 (1.29-23.11) 303 (065-14.01) 4.50 (1.08-18.72)
Lung* 4.79 (388-592) 24 (191-303) 385 (312-474)
Kidney, except renal pelvis* 157 (081-306) 148 (0.71-3.00) 1.53 (081-290)
Renal pelvis, ureter, bladder* 535 (2.47-1157) 278 (121-631) 4.30 (201-923)
Myeloid leukemia* 145 (0.74-282) 213 (107-425) 169 (089-318)
All cardiovascular diseases 152 (1.39-1865) 1.97 (1.07-1.29) 1.38 (1.27-1.49)
Total tobacco-related cardiovascular diseases 1.51 (1.36-168) 1.18 (1.06-1.33) 1.38 {1.25-153)
Ischemic heart diseases* 218 (1.79-2866) 1M (138-212) 2.00 (165-242)
Total stroke* 1.25 (1.10-142) 1.00 (087-1.14) 115 (1.02-129)
Subarachnoid hemorrhage 233 (1.50-364) 119 (0.71-202) 194 (125-3.00)
Intracerebral hemorrhage 124 (088-157) 091 (069-1.19) 11 (0.89-140)
Cerebral infarction 1.23 (1.02-150) 1.02 (082-126) 1.14 (085-137)
Aortic aneurysm and dissection 388 (202-749) 2 (135-542) 342 (1.80-651)
Abdominal aortic aneurysm* 389 (1.38-10.89) 1.64 (052-524) 294 (1.05-8.18)
All respiratory diseases 141 (1.22-1862) 137 (1.18-159) 139 (122-158)
Total toab related respiratory di 1.35 (1.15-159) 1.25 (105-148) 1.30 (1.12-152)
Prneumania® 1.17 (088-138) 1.09 (091-131) 113 (096-133)
Chronic obstructive pulmonary diseases* 3.08 (190-503) 276 (168-455) 285 (1.84-472)
All digestive diseases 2.04 (1.60-2860) 122 (092-162) 1.74 (1.37-2.21)
Peptic ulcer* 713 (1.71-208.78) 1.86 (040-9.72) 501 (1.21-20.77)

*: Tobacco-related diseases selected from the Surgeon General's Report of 2004 and IARC Monograph volume 83.

t: Cox proportional hazard model
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digestive system diseases. The numbers of deaths from major
causes for females were 3,475 (36.9%) for cancer, 2,904
(30.8%) for CVD, 681 (7.2%) for respiratory system discases,
and 320 (3 4%) for digestive system diseases.

Age-Adjusted HR According to Smoking Status

Table 2 shows the disease-specific, age-adjusted HRs for
males according to smoking status. Current smokers had a
nearly 1.5-fold higher age-adjusted rate of mortality from all
causes, all CVDs, and all respiratory diseases, and a nearly
2.0-fold higher mortahity from total tobacco-related diseases.
all cancers, and all digestive diseases compared with never-
smokers. Among the tobacco-related cancer sites, the larynx
exhibited the highest HR pomnt esumate, followed by the
urinary tract (renal pelvis, ureter, and bladder), lung,
esophagus, lhip/oral cavity/pharynx, liver, pancreas, and
stomach. Among CVDs, ischemic heart disease (IHD) had a
higher HR than stroke. When divided to stroke subtypes,
subarachnoid hemorrhage had the highest HR, followed by
intracerebral hemorrhage and cerebral infarction. Abdominal

aortic aneurysm had an even higher HR; however, this ratio
had a wide CI Chromic obstructive pulmonary discases
(COPD) and peptic ulcer had HRs of 3.0 or hugher.

The excess nsks for male former smokers were lower than
those for male current smokers. The former smokers had
lower HRs than the current smokers for the four major disease
groups (cancer, CVD, respiratory, and digestive diseases), and
also for the subgroups within each category, except myeloid
leukermia

Table 3 shows the disease-specific, age-adjusted HRs for
females according to smoking status. The HRs of the current
smokers (vs. never-smokers) were nearly 17 for all causes, all
cancers, and all respiratory diseases, and nearly 2.0 for total
tobacco-related diseases, all CVDs, and all digestive diseases.
Among the tobacco-related cancer sites, the lung exhibited the
highest HR for current smokers, followed by the cervix uten,
lip/oral cavity/pharynx, esophagus. urinary tract, pancreas,
liver, and stomach, of which the lung, cervix uten. pancreas,
and hiver were significant As observed for males, [HD had a
hagher HR. than stroke, and subarachnoid hemorrhage had the

Table 3. Disease-specific, age-adjusted hazard ratio according to smoking status for females.

Age-adjusted hazard ratio (vs. never-smokers)

(95% confidence interval)

Cause of death
Current smokers Former smokers Ever-smokers
All-cause 1.76 (1.65-1.87) 1.68 (1.52-1.86) 1.73 (164-1.83)
Total tob related dis 2.00 (1.83-219) 165 (1.42-191) 1.80 (1.75-2.0868)
All cancers 1.57 (1.41-175) 1.57 (1.32-1.87) 1.57 (1.43-1.73)
Total tobacco-related cancers 201 (1.76-230) 1.70 (1.35-2.14) 183 (1.7M-217)
Lip, oral cavity, and pharynx* 1.97 (0.69-565) 1.23 (017-8.12) 1.76 (0B8-459)
Esophagus* 1.90 (0.74-4886) 3.68 (127-10.16) 240 (1.15-5.02)
Stomach* 122 (0.80-164) 1.47 (085-227) 1.29 (1.00-1.66)
Liver* 1.73 (1.21-248) 1.23 (063-239) 1.58 (115-2.20)
Pancreas* 1.81 (1.28-257) 1.96 (1.16-3.30) 1.85 (1.37-250)
Larynx* 0.00 - - 0.00 - - 0.00 - -
Lung* 388 (3.07-490) 263 (1.72-403) 355 (286-440)
Cervix uteri* 2.3 (1.31-410) 1.00 (025-409) 1.9 (1.16-3.41)
Kidney, except renal pelvis® 0.60 (0.08-4.47) 155 {021-11.52) 0.86 (0.20-369)
Renal pelvis, ureter, bladder* 1.86 (0B4-411) 0.00 - - 1.30 (059-288)
Myeloid leukemia* 0.96 (0.30-3.10) 0.96 (013-701) 0.86 (034-268)
All cardiovascular diseases 188 (1.78-221) 1.60 (1.34-191) 1.87 (1.70-2.06)
Total tobacco-related cardiovascular diseases 2,09 (1.83-2.39) 166 (1.33-207) 197 (1.75-221)
Ischemic heart diseases* 295 (2.33-373) 2.48 (1.71-360) 2.81 (228-346)
Total stroke* 1.80 (1.52-212) 1.35 (101-1.79) 1.66 (144-193)
Subarachnoid hemorrhage 279 (206-378) 1.05 (050-224) 233 (1.75-3.11)
Intracerebral hemorrhage 1.92 (1.39-267) 169 (0e9-288) 1.86 (139-248)
Cerebral infarction 1.48 (1.10-2.00) 147 (0.72-191) 1.39 (1.07-180)
Aortic aneurysm and dissection 235 (1.16-4.79) 316 (1.25-7.95) 259 (1.43-469)
Abdominal aortic aneurysm®* 430 (1.16-1596) 6.51 (138-3039) 498 (166-1494)
All respiratory diseases 1.65 (1.29-209) 1.27 (0.85-1.89) 153 (1.24-180)
Total toab lated respiratory di 153 (1.13-207) 138 (088-221) 1.49 (1.15-183)
Pneumonia® 139 (1.00-183) 1.40 (087-226) 1.40 (1.06-184)
Chronic obstructive pulmonary diseases* 355 (153-821) 1.16 (0.16-8.54) 282 (127-626)
All digestive diseases 213 (154-294) 2.10 (1.28-3.43) 212 (160-281)
Peptic ulcer* 1.37 (0.32-594) 1.50 (020-11.31) 1.42 (042-482)

*: Tobacc lated di

t+: Cox proportional hazard model

sslected from the Surgeon General's Report of 2004 and IARC Monograph velume 83
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highest HR among the stroke subtypes, followed by
mtracerebral hemorrhage and cerebral infarction. A tendency
toward a higher HR for abdominal aortic aneurysm was also
observed among females. COPD had the highest HR among
respiratory and digestive diseases. For total tobacco-related
diseases and all CVDs, the HRs of former smokers were
smaller than those of current smokers. The HRs of former
smokers (vs. never-smokers) were similar to, or higher than,
those of current smokers for many other diseases and all-cause
mortality

PAF of Disease-specific Mortality Due to Smoking
Figure 1 shows the male age-adjusted, disease-specific PAFs
of current, former, and ever-smoking After age-adjustment,
28% of the all-cause mortality was attributable to ever-
smoking among males For all cancers, the corresponding
PAF was up to 40%. When divided mto tobacco-related
cancer sites, the larynx, urinary tract, and lung had PAFs of
nearly 70%. The PAFs for the esophagus and the lip/oral
cavity/pharynx were also greater than 50%, whereas those for
the other sites ranged from 25% to 40%. The PAF for all
CVDs was approximately 20%, which was smaller than that
for all cancers Among the CVDs, IHD, subarachnoid
hemorrhage, and aortic aneurysm had PAFs of over 40%,
whereas total stroke and its subtypes other than subarachnoid
hemorrhage had PAFs of approximately 10% The PAFs for
all respiratory diseases and all digestive system diseases were
approximately 20% and 40%, respectively. COPD and peptic
ulcer had PAFs of over 60%.

Figure 2 shows the female age-adjusted, disease-specific
PAFs of current, former, and ever-smoking After age-
adjustment, 7% of the all-cause mortahity was attnbutable to
ever-smoking among females, which was a considerably
smaller proportion than that for males For all cancers, the
corresponding PAF was also approximately 5% When divided
mto tobacco-related cancer sites, the lung had a relatively
large PAF (20%), whereas the PAFs for the other sites were
approximately 10% or less. The PAF for all CVDs was slightly
larger than that for all cancers, but was less than 10%. As was
the case among males, IHD, subarachnoid hemorrhage, and
aortic aneurysm in females had relatively large PAFs (10-
30%). The PAFs for all respiratory diseases and all digestive
system diseases were 5% and 10%, respectively. COPD had a
relatively large PAF of approximately 15%

The PAF of ever-smoking for all-cause mortality, calculated
by summing the disease-specific PAFs for tobacco-related
diseases, was 19% for males and 4% for females. These values
were smaller than those directly calculated from the relative
nsk of all-cause mortality (28% for males and 7% for females;
Appendix)

Smoking-attributable Deaths and Diseases in Japan

Of the 1,083,796 total deaths in Japan in 2005 (384,970 males
and 498,826 females),2! 163,000 (95% CI- 147,000-178 000)

J Epidemiol 2008; 18(6) 251-264

male deaths and 33,000 (95% CI: 29,000-38,000) female
deaths were estimated to have been caused by smoking, based
on the PAF estimates calculated from the relative risk of all-
cause mortality. In contrast, summing the disease-specific
smoking-attnbutable deaths vielded smaller estimates;
approximately 112,000 (95% CI. 93,000-130,000) male
deaths and 19,000 (95% CI: 15,000-21.000) female deaths
annually were estimated to have been caused by smoking

Figure 3 shows the disease distribution of the latter set of
estimates for smoking-attributable deaths. For males, cancer
accounted for approximately 60% of the total smoking-
atiributable deaths, which was more than double the sum of
deaths due to THD and stroke. Lung cancer accounted for the
largest percentage of male smoking-attnbutable deaths,
followed by THD, liver cancer, siomach cancer, upper
acrodigestive (lip, oral cavity, pharynx, or esophagus) cancer,
stroke, and COPD. In contrast, for females, IHD and stroke
were the leading causes of smoking-attnibutable deaths,
accounting for approximately 50%, whereas cancer
accounted for approximately 30%. Lung cancer was the third
leading cause, followed by pneumoma, pancreatic cancer,
hiver cancer, and stomach cancer.

DISCUSSION

The present study analyzed pooled data from three large-scale
prospective cohort studies in Japan and estimated the all-
cause and disease-specific mortality attributable to smoking
Compared with the results of the historical Hirayama large-
scale cohort study,'? the estimated age-adjusted relative risks
(current smokers vs. never-smokers) in the present study were
higher for all-cause mortality [1.6 vs. 1.3 (90% CI: 1.3-13)
for males, and 1.8 vs. 1.3 (90% CI: 1.3-1.4) for females), for
all cancers [2.0 vs. 1.7 (90% CI: 1.6-1 8) for males, and 1.6
vs. 1.3 (90% CI' 1.2-1.4) for females], for [HD [2.2 vs. 1.7
(90% CI: 1.6-1.9) for males, and 3.0 vs. 1.9 (90% CI: 1.7-2.1)
for females], for stroke [1.3 vs. 1.1 (90% CI 10-1.1) for
males, and 1.8 vs. 1.2 (90% CI: 1.1-1.3) for females]. A
possible explanation for the higher relative nisks observed in
the present study is the increase in exposure levels that has
occurred subsequent to the Hirayama study (the baseline
survey was carried out in 1965 for the Hirayama study and
around 1990 for the present study). The proportion of current
smokers who smoked 20 cigarettes per day or more was
larger in the present study than m the Hirayama study (71 5%
vs. 41.6% for males and 343% vs. 8.4% for females,
calculated on a person-year basis). Conversely, the proportion
who smoked less than 10 cigarettes per day was smaller in the
present study than in the Hirayama study (4.7% vs. 10.6% for
males and 22.2% vs. 506% for females, calculated on a
person-year basis). When we compared age at smoking
mitiation, the proportion of current smokers who started
smoking at 19 years of age or earlier was larger in the present




M caman

Alvauna T

Total Whaccorretates
Gaessnn

A caroery

Total tobmocorelatng
carcen

L ol sy, e pharyra »

Etaglags ®

Parcrngs #

Laryra ®

Lurg ®

Hasray axseat rensl
pabas &

Feral palva. urster
e blacder

Myslod wubara *

Causa of death

M catomicile Saau

Total tobecoo Teltnd
sardovetcule data

Bichamic hasrt Secaa *

Total sirche #

Susarsohros hemorrrags

Inracershesl hamorrhage

Corviwal intarchion

Aorlis areuryvem
#C s olon

Abdomunsl ales aemayee ®

AR resEratory Snesies

Toiad lebaces related
TepEEary disses

Primarorig *

Cirerie dbwtuetios pelmenary dassues &

AR Ggustive daswas

Fople ucar &

Katanoda et al.
Population Attributable Fraction
208 40 0% i
g
— o1 O Former smoking
U™
inswa) 38 6%
] 457
=] 520
] 60 8%
Bl 25.1%
[ 2.1
N 25 5%
o] 69.2%
=] 20 &%
oo
] 35.1%
] 230%
o 230N
] 44 1%
10.4%
[ s26n
£
a9
=i [TH N
] so
E; o 2348
N 1825
a4

e s Uheeeek ] GO
2 EALY

[ 75.0%

Figure 1. Population attributable fraction of disease-specific mortality due to smoking for males.
*: Tobacco-related diseases selected from the Surgeon General's Report of 2004 and the IARC Monograph volume 83,

+: The population attributable fraction was calculated by summing the attributable fractions estimated for each tobacco-related disease (*).

The percentage shown at the right-hand end of each bar Is the population atfributable fraction of ever-smoking.
See Appendix for the values of the point estimates and confidence intervals.
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Figure 3. Estimated annual number of smoking-attributable deaths and disease distribution in Japan, for males and

females

The shaded areas represent cancers, the dark gray areas represent cardiovascular diseases, the light gray areas represent respiratory diseases,

and the white areas re|
UAD tract: upper ae

nt other attributable diseases.

igestive tract (lip, oral cavity, pharynx, and esophag
disease. COPD: chronic obstructive pulmonary disease. Other attributable

us). Urinary tract: renal pelvis, ureter, and bladder. IHD: ischemic hean
cancers: cancers of the kidney (except renal pelvis) and larynx, and

myeloid leukemia. Other attributable diseases: aortic aneurysm and dissection, and peptic ulcer.
The source of the mortality data was the Vital Statistics of Japan, 2005 (the number of all-cause deaths was 584,970 for males and 498,826 for

females).
The number in the center of each chart represents the sex

cal
The pert

study than in the Hirayama study (26.1% vs. 11.9% for males
and 7.0% vs 3 6% for females, calculated based on a person-
year basis) Regarding the smoking exposure level for the
whole Japanese population, the cigarette consumplion per
capita among individuals aged 15 years or older mncreased
rapidly from the 1950s to the 1980s,%? whereas the smoking
prevalence among males decreased during the same period, ™
suggesting that the number of cigarettes smoked per smoker
per day increased dunng this period. In Japan, the use of
filtered cigarettes spread rapidly, and these cigarettes replaced
non-filtered cigarettes in the 1960s. The baseline survey for
the Hirayama study was carried out in 1965, which was i the
middle of this peniod of change, whereas our baseline survey
period (around 1990) occurred long after the completion of
the shuft to filtered cigarettes. In this sense, the smokers in the
present study were considered to have been exposed to less
harmful mainstream tobacco smoke than those in the
Hirayama study. Previous systematic review reports on the
health effects of smoking concluded that there was only a
small reduction in lung cancer risk associated with changes in
cigarette type,'! and only a weak relationship between the
cigarette type and coronary heart disease risk 12 The HRs of
these diseases in the present study were similar to or higher
than those in the Hirayama study, and the HRs for the major
disease groups, such as all causes, all cancers, and all CVDs,
were also higher in the present study. Thus, the shift to

of smoking-attributable deaths caiculated the number of

-specific number by summing
use-specific deaths weighted by the population attributable fraction of ever-smoking b(‘:edgaﬁw values for the fraction were treated as zero).
tage following each di p nts the proportion of smoking-attributa eaths.

filtered cigarettes does not appear to have been influential as
far as each of these diseases or the disease groups as a whole
are concerned,

One exception regarding the differences between the
results of the present study and the Hirayama study 1s
laryngeal cancer. The HR of male current smokers for
laryngeal cancer was considerably lower in the present study
[5.5 vs. 32.5 (90% CI' 8.7-121.9)]. A possible explanation for
this finding 1s the shift from non-filtered to filtered cigarettes,
as mentioned above Although evidence 1s lacking, case-
control studies conducted mn the Umited States and n several
European countnes have reported that the use of filters
reduced the laryngeal cancer risk by 50%2*2% One study
suggested that the nsk reduction produced by filter usage was
larger for laryngeal cancer than for lung cancer,”® which is
consistent with the marked difference between our results and
the Hirayama results for laryngeal cancer, but not for lung
cancer An mmprovement mn the prognosis 1s another
possibility According to a report based on data from a
population-based cancer registry in Osaka, Japan, the S-year
relative survival rate for male laryngeal cancer diagnosed n
1975-1977 was 62.1% compared with 80.0% for that
diagnosed in 1987-1989 2T However, an improvement in
survival 1s common o the cancers of many other sites (e.g.,
23.5% 1o 35.2% for all sites, 22.4% to 38 2% for the pharynx,
and 6.0% to 11.7% for the lung).
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