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The incidence of hepatocellular carcinoma (HCC) is much higher
in men than in women. Several experiment and epidemiological
studies have suggested that estrogen might play an ulﬁbﬁoru‘yn?hl:
in the development of HCC. Because vones have a
structure as 17f-estradiol and appear 1o have an anti-estrogenic
effect in women and estr effect in men, we h hesized
that the effect of isollavones on HCC differs by sex. We investi.
gated the association between isoflavones (genistein and daidzein)
and soy products and-HCC in Japan in a population-based pro-
spective study in 19998 Japanese (7.215 men and 12,783 women)
aged 40-69 years. During 11.8 years of follow-up, 101 subjects (69
men and 32 women) were newly diagnosed with HCC. Case
patients were grou according to consumption of isoflavones
and soy cts and stratified by hepatitis virus infection, Haz-
ard ratios (HRs) and 95% confidence intervals (Cls) for HCC
were calculated by Cox proportional-hazards modeling. In
women, genistein and daidzein were dose-dependently associated
with an increased risk of HCC, with multivariable HRs for the
highest versus lowest terfile of 3.19 (95% C1 = 113-9.00, pyrens =
0.03) and 3.90 (95% CI = 1.30-1169, = (.01}, respectively.
No association between isoflavones and HCC was observed in
men. These results R:rslstﬂl when analysis was restricted to sub-
jects rﬁiﬂw for either or both hepatitis C and B virus, In conclu-
sion, isoflavone consum, may be associated with an increased
risk of HCC in women. Women with hepatitis virus infection may
be advised to abstain from isoflavone consumption. Further stud-
ies are warranted to confirm these findings.
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Hepatocellular carcinoma (HCC) is an important disease world-
wide. In Japan, HCC ranks as the third- and fourth-leading cause of
death from cancer among men and women, respectively.’ The most
important risk factors for the development of HCC in humans are
chronic infection with hepatitis B virus (HBV) or hepatitis C virus
(HCV).* However, despite a similar p e of chronic HCV or
HBV infection in men and women,' the incidence of HCC is
higher in men, with the International Agency for Research on Can-
cer (IARC) reporting a 2-fold or greater difference” Although this
may panly result from differences in exposiire to environmental risk
factors such as alcohol consumption and cigarette simoking, several
human and ponhuman studies point to a possible role of hormonal
factors. In laboratory experiments, ovariectomy in mice increased
susceptibility to chemically induced hepatocarcinogenesis,”’
whereas administration gens inhibited the development of
HCC in male mice.” Additionally, Naugler er al.* showed that estro-
gen-mediated inhibition of interleukin-6 (IL-6) reduced HCC risk in
female mice. In an epidemiological study, Yu ef al. reporied that nat-
ural menopause at & younger age and ovanectomy duning premeno-
pause were associated with an increased risk of HCC.” These various
observations suggest that sex hormones, especially estrogen, may
confer a protective effect against the development of HCC.

Isoflavones are structurally similar to 17B-estradiol and have
the ability to bind to estrogen receptors {(ERs),'" suggesting that
they may infl the develop of HCC, However, o date
this possibility has received relatively scant interest.'' =" Isofla-
vones act as estrogen agonists and also as antagonists competing
for estradiol at the receptor complex.'” Because physiological
levels of estradiol differ substantially between men and women,

Abbre e interval; ER, estrogen recepior; HBsAg,
patitis B virus antig " itis B virus: HCC, hepatocellular car-
cinoma; HCV, hepatitis C virus; HR, hazard ratio; IL, interleukin,
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ISOFLAVONES AND HEPATOCELLULAR CARCINOMA RISK

we speculated that the effects of 1soflavones on HCC might differ
by sex. Long-term isoflavone consumption in typical daily life
appears to have an anti-estrogenic effect in women and an estro-
genic effect in men, although several studies have reported that
short-term dietary S0y showed a weak estrogenic in the
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using the fifth revncd edition of the Standard Tables of Food
Composition in Japan,™

Validity was assessed in subsamples using 14- or 28-day dietary
records. Spearman’s correlation coefficients between energy-

breast in women. Indeed, in epidemiological studies, isofla-
vones ha\re been inversely associaled with breast cancer in

omen'”*"** and prostate cancer in men.'**=* Additionally, the
inverse association between isoflavones and breast cancer was
more pronounced in women with high blood levels of estradiol >
On the basis of these, the effects of 1soflavones may be dependent
on endogenous levels of estradiol, and we hyy ized that their
effects on HCC may differ by sex. However, previous epidemio-
logical findings for isoflavones or soy food intake and HCC are
inconsistent, and most studies did not analyze by gpx| ¥R nor
consider HCV or HBV infection stats,'' #7414

Here, we investigated the presence of an association between
isoflavone consumption and HCC in Japanese men and women in
a large-scale population-based cohort study in Japan, with due
consideration for HCV and HBV infection status,

Material and methods
Study population

The Japan Public Health Center-based Prospective Study
(JPHC study) Cohort 11 was initiated in 1993-1994_ This cohort
consisted of 6 PHC areas (Ibaraki, Niigata, Kochi, Nagasaki, Oki-
nawa and Osaka) across ,Ingan The study design has been
described in detail previously.*® The study was approved by the
Institutional Review Board of the National Cancer Cemer. Tokyo,
Japan. The study population was defined as all residents aged 40—
69 years al the stant of the respective baseline survey. In the pres-
ent analysis, we excluded some subjects from the Osaka area for
whom different definitions were used, Initially, we defined a popu-
lation-based cohort of 68,974 subjects (33,888 men and 35,086
women) after the exclusion of ineligible subjects (n = 103).

Baseline survey

At baseline, participants completed a self-administered ques-
tionnaire that assessed information on personal medical history,
smoking and drinking habits, diet and other lifestyle factors. Com-
pleted questionnaires were received from 26,850 men (response
rate, 79%) and 29,785 women (response rate, 85%). Subjects with
a self-reported history of cancer at baseline were excluded from
analysis (n = 1,219),

Blood collection

Subjects were asked to voluntarily provided 10 mL of blood dur-
ing health checkups in 1993-1995. Samples were divided into
plasma and buffy layers, and preserved at —80°C untl analysis.
Among res to the baseline questionnaire, a total of 20,406
subjects (36%) (7,442 men and 12,964 women) donated blood.

Food frequency questionnaire

The questionnaire asked about the usual consumption of 52
foods, including beverages, during the previous year. We then cal-
culated the consumption of isoflavones (genisicin and daidzein)
and soy food. Soy food referred to the consumption of tofie, miso
isoybcnn paste) and naro (fermented suybeans}. for which the
major ingredient is soybean Standard portion sizes were specified
for each food item in 3 amounts: small (50% smaller), medium
(same as the standard) and large (50% larger). The frequency of
soy food intake was divided into 5 categories: almost never, some-
times, 1 or 2 imes per week, 3 or 4 times per week and almost
daily. The total consumption of soy food (g/day) was calculated
from these responses, whereas isoflavone consumption was calcu-
lated using values in a specially develoy ;ed food composition table
for isoflavones in Japanese foods.”’* Energy was calculated

d intake of soy food from the questionnaire and from die-
tary records for men and women were 0.47 and 0.44, respectively,
whereas those for energy-adjusted intake of gcnislcin and daidzein
were 0.56 and 0,55 for men, and 0.51 and 0.49 for women, respec-
tively (unpublished data).

Among the 20,406 subjects who responded to the questionnaire
and provided a blood sample, 408 who reported extreme total
energy intake (upper 1.0% or lower 1.0%) were excluded, leaving
19,998 subjects (7,215 men and 12,783 women) for analysis.

Follow-up and identification of HCC

Subjects were followed from the baseline survey until Decem-
ber 31, 2005. Ch in residence status, including survival,
were identified annuaily through the residential registry in their
public health center area. Among study subjects, 1,070 (5.4%)
moved out of their study area and 49 (0.2%) were lost to follow-
up during the study period.

Incidence data on HCC were identified by active patient notifi-
cation from major local hospitals in the study area and data link-
age with population-based cancer registries, with permission from
the local governments responsible for the registries. Death centifi-
cates were used as a supplementary information sowrce, In our
cancer registry system, 5.9% of cases were based on death centifi-
cate only. Cases were coded using the International Clssstﬁrunm
of Diseases for Oncology, Third Edition (ICD—O—3 c22 D)
identified 101 (69 for men, 32 for ) newly di cases
of HCC during the study period among subjects who had retumed
the baseline questionnaire and provided blood samples,

Laboratory assays

Plasma samples were screened for anti-HCV using a third-gen-
eration immunoassay tLu.mlpuh: 1T Ortho HCV, Ortho-Clinical
Diagnostics K.K., Tokyo, .lapan) and for hepantis B virus anti-
gen (HBsAg) by reversed passive hemagglutination with a com-
mercial kit (Institute of Immunology, Tokyo, Japan), The vims-
positive group consisted of subjects positive for either or both
anti-HCV and HBsAg.

Staristical analvsis
Person-years of follow-up were calculated for each subject from
the date of completion of the baseline questionnaire to the date of
HCC diagnosis, date of emigration from the study area, or date of
death, whichever occurred first; or if none of these occurred, fol-
low-up was through to the end of the study period (December 31,
2005). Subjects who were lost to follow-up were censored at the
last confirmed date of presence in the study area. Hazard ratios
(HRs) of HCC were calculated by tertiles of isoflavones and soy
food consumption, with the lowest consumption category as the
reference. HRs and 95% confidence intervals (Cls) were calcu-
lated by the Cox proportional hazards model, adjusting for age at
baseline survey (S-year age categones) and study area (6 PHC
areas) according to the SAS PHREG procedure (Version 9.1; SAS
Insu'tute Cary, NC). For further adj additional ibl
founders were incory | into the model: smolung status
(nﬂcr. former, current); alcohol intake (non- and ex-drinkers, less
than weekly, weekly or more [<150 g/week, 150-300 g!w:ek or
2300 gfweek]); intake of coffes (almost never, 14 days/week, 1-
deups/day or 5 or more cups/day) and vegetables (continuous);
and HCV or HBV infection stalus (positive or negative). In
females, further adjustment was made for menopausal status (ves
or no). These variables are either known or suspected risk Fm:-r.ors
for cancer or were pmviously associated with lhe risk of HCC, ™
When covariates were d into the ical model, isofla-
vones, soy food and vegetable mlakes were adjusted for total
energy intake using the residual method. Vegetable intakes were
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TABLE 1 - SURJIECT CHARACTERISTICS AT BASELINE ACCORDING TO GENISTEIN CONSUMPTION

Men Womnen
Geninein comsumption TN COMLITRUON
Lo Midele Migh Lirw Middlc High

Age, years = SD 566 = 8.6 515+82 59076 559 =85 56283 513 =79
Current smoker (%) 47.0 41.5 369 54 39 30
Regular drinker (yes. %) 64.6 63.6 593 12.1 a0 2
Postmenopausal (%) - - - 69.7 706 769
Coffee, daily (%) 46.6 36.3 16 424 347 73
Vegewbles (g/day) 494 = 67.1 593 =659 719 =689 552+ 681 635 =685 69.6 * 64.6
Say food (g/day) 217 =102 495 + 144 819 = 188 A1zl 497 * 155 76.1 £ 173
Genistein (mg/day) 60=27 138 =35 242 =63 64=129 139 = 38 23263
Daidzein (mg/day) 3616 B2x2.1 145 = 3.8 8= 17 B4=x23 139338
Infection status

HCV(=HBV(~}) 89.43 90.89 90,61 92,65 9324 93.22

HCV(=YHBV(+) 3.9 283 299 200 1.92 206

HCV(+)HBV(—) 7:20 6.24 6.28 519 4.76 462

HCV(+)VHBV(+) 0.08 0.04 0.12 0.16 0,07 0.09

Values are mean unless otherwise indicated. SD = Standard deviations, HCV = hepatitis C virus, HBV = hepatitis B virus.

TARLE 11 - HAZARD RATIO (HR) AND 95% CONFIDENCE INTERVAL (C1) FOR HEPATOCELLULAR CARCINOMA

(HOC) ACCORDING TO ISOFLAVONE AND 50Y FOOD CONSUM

AMONG JAPANESE MEN AND WOMEN

No, of cares Petwon. years HR psach' HR (95%CTY
of Totlow-up
Men (N = 7,215)
Genistein (mg/day)
Low <120 26 27,304 1 1
Middle 12.0-19.9 16 27,193 0.66 (0.35-1.23) 0,78 (0.41-1.49)
High 2200 27 27,863 1.07 (0.61-1.89) 1.13 (0.60-2.11)
Prend 0,93 080
Daidzein (mg/day)
Low <8.0 26 27,310 1 |
Middle 8.0-127 17 27781 69 (0.37-1.29) 081 (0.43-1.549)
High >128 26 27869 3(058-! 82) 1.09 (0.58-2.05)
0.98 0.87
%L’fond (gfdny)
26 27318 1 1
Middle 3’? 6—64 9 16 27,7138 0.65 (0.34-1.21) 0.77 (0.40-1.47)
High =650 by 27 904 1.05 (0.60-1.84) 1.10 (0.59-2.03)
Proena 0.97 034
Women (V = 12,783}
Genistein (mg/day)
Low <122 6 50,398 1 1
Middle 12.2-19.5 12 51,424 2.36 (0.88-6.32) 236 (0.85-6.51)
High =19.6 14 51.029 286 (1.07-7.64) 319 (1.13-9.00)
0,03 0.03
Dmdzem (mg/day)
Low <8. A 50,402 1 1
Middle 8.1-12.5 12 51,408 3.08 (1.09-8.70) 3.10 (1.07-8.99)
High =126 14 51,041 346(1.21-9.83) 1.90 (1.30-11.69)
0.02 0.01
Sm food (g/day)
Low <382 8 50403 1 1
Middle 38.2-62.7 1] 51,056 1.51 (0.60-3.78) 1.68 (0.65-4.35)
High =628 13 51,393 1.74 (0.71-4.28) 1.74 (0.67-4.52)
Prend 0.22 0.25
! Adjusted for age und area —*Adjusted for age, area, HCV, HBsAg, smoking status, alcohol consump-

tion, and intake of coffee and vegetables. Further adjusted for menopausal status in women.

calculated from 6 items in the questionnaire. Testing of the pro-
portional hazards assumption by Schoenfeld and scaled Schoen-
feld residuals found no violation of proportionality. We addition-
ally analyzed the association between isoflavone intake and HCC
in subjects who were either or both anti-HCV- or HBsAg-positive.

Trends were assessed by assignment of the median value in

total of 101 cases (69 for men, 32 for women) of HCC were newly
diagnosed and included in the analyses.

Subject characteristics ar baseline according to terile of
energy-adjusted isoflavone consumption are shown in Table I,
with the results for genistein used as a surrogate for isoflavones
owing to the high correlation among results for genistein and

each category, All p-values were 2-sided, and ical signifi-
cance was determined at the p < 0.05 level.

Resulis

During 235.811 person-years of follow-up (average follow-up,
11.8 vears) for 19,998 subjects (7.215 men and 12,783 women), a

daidzein. Subjects with high genistein consumption were older,
smoked and drank less, consumed less coffee, and consumed
more bles, notwithstanding sex. The proportion of post-
-m:mpnusal women increased as genistein intake increased. As
expected, soy food and daidzein increased as genistein intake
increased. The proportion of subjects positive for anti-HCV,




ISOFLAVONES AND HEPATOCELLULAR CARCINOMA RISK 1647

TABLE Tl = HAZARD RATIO (HR) AND 95% CONFIDENCE INTERVAL (Ch) FOR HEPATOCELLULAR CARCINOMA
fHOC) ACCORDING TO ISOFLAVONE AND S50Y PRODUCT CONSUMPTION AMONG JAPANESE MEN AND WOMEN
WHO WERE ANT]-HCV- OR HBSAG-POSITIVE

N of cascy Persan-years of (ollow-wp HR (95%C1)' HR (WS%CI°
Men (N = 699)
Genistein
Low 2 2,481 I 1
Middle 12 3493 0,58 (0.29-1.20) 0.59 (0281 24)
High 23 2451 1.06 (0.56-2.00) 1.05(0.52-2.12)
Prena 0.99 096
Daidzein
Low 22 2,481 1
Middle 13 2,483 0.63 0,3]- 1.26) 063 (0.31-1.31)
High 2 2,460 1.00 (0.52-1.89) 097 (0.48-1.98)
a— 0.88 0.84
food
w 2 2483 1 1
Middle 12 2,482 0.61 (0.30-1.26) 0.61 (0.29-1.28)
High 23 2,459 1.10 (0.58-2.06) 1.10 (0.55-2.20)
Poend 0.86 0.87
Women (N = 890)
Genistein
Low 4 3426 I I
Middle 4] 3,504 328 (1.02-10.48) 3.11 (0.92-10.51)
High 10 3,507 3.07 (0.94-10.09) 30(0.92-11.82)
Prend 0.06 0.06
Daidzein
Low 4 3427 | 1
Middle 11 3,498 327(1.02-1047) 3.12(D.92-10.56)
High 10 3,512 3.08(0.94-10.13) 3.32(0,93-11.88)
Prrend 0.06 0.06
SoE‘:'aod
w 8 3,393 |
Middle 8 3,518 111 [ﬂ 41-3.05) 097 (0.34-27T)
High 9 3.526 1.18 (0.44-3.12) 1.02 (0.36-2.94)
Prrend 0.74 0.98

'Adjusted for lgu nnd ma.—’ﬁdju.m:d for age. area. smoking status, alcohol consumption, and intake
of coffee and Further | for menopausal status in women.

HBsAg or both among tertiles of genistein consumption were
similar.

Table 11 shows minimally adjusted and multivariable HRs and
95% Cls for HCC by tertile of gcmslem daidzein and soy food
consumption in men and wor Ce ption of genistein, daid-
zein and soy food showed no association with HCC in men, with
respective multivariable HRs for the highest versus lowest tertile
of 1.13 (95% C1 = 0.60-2.11), 1.09 (95% Cl = 0.58-2.05) and
1.10 (95% CI = 0.59-2.03). In women, in contrast, genistein and
daidzein were dose-dependently associated with an increased risk
of HCC, with multivariable HRs for the highest versus lowest ter-
tile of 3.19 for genistein (95% CI = 1.13-9.00, pyyug = 0.03) and
3.90 for daidzein (95% CI = 1.30-11.69, pyum = 0.01). Similarly,
soy food ¢ ion also ded to be d with an
mc:e.nsed rlsl: of HCC in women, but without statistical signifi-
cance (highest versus lowest: multivariable HR = 1,74, 95% Cl =
0.67-4.25). Miso soup, natto and tofu consumption also showed
no association with HCC in men (data not shown). In women,
natto and tofu consumption was positively associated with HCC.
Multivariable HRs for the highest versus lowest tertile of natto
and tofu consumption was 3.71 (95% CI = 1.42-9.71) and 1.67
(95% C1 = 0.65-4.28), respectively (data not shown).

These results remained essentially unchanged when analysis
was restricted 10 subjects who were either or both anti-HCV- or
HBsAg-positive (Table 11I); the positive association between ge-
nistein and daidzein and HCC in these women remained, albeit
with attenuation of the test for linear trend (pyng = 0.06 and 0.06
for genistein and daidzein, respectively). In contrast, soy food was
not associated with HCC in women who were either or both HCV-
and HBV-positive. No association between isoflavones and soy
food and HCC was abserved in men. Further, no association with
individual soy foods was seen in men (data not shown). In women,
the positive association between natto consumption and HCC

remained, whereas tofu and miso soup consumption were not
associated with HCC risk (data not shown),
Because 1]1: effects of rmﬂ.l\runes on HCC might differ between
I and pe due 1o diffs & in
their estmgen levels, we also analyzed the association between
soy foods and isoflavones and HCC in postmenopausal women.
Results were similar to those for total women in Table 11 (data not
shown). Hazard ratios among premenopausal women could not be
calculated, because only one case occurred among them.

Discussion

We found a dose-dependent increase in the nisk of HCC with
consumption of isoflavones in Japanese women, even after consid-
eration of infection status of hepatitis virus. In contrast, no associ-
ation between isoflavones and HCC was seen in men. To our
knowledge, this is the first study to report o positive association
between the consumption of isoflavones and HCC in women,

Previous epidemiological I‘lndmﬁs for isoflavone and soy food
intake and HCC are lnmnslﬂenl ¢ Two prm]ncuw: ? and
one case~control study'” reported an inverse association between
frequency of miso soup intake and HCC mortality. Lei er al.'
reported that genistein consumption was lower at first diagnosis in
patienis with HCC than in those with cirthosis. In several case-
control studies, in contrast, no association with HCC was seen for
frequency of tofu'® and pulses intake.'® However, most of these
studies did not control for the potentially important cmfomding
effects of infection with either or both HCV and HBV.'''#/%!
Addmonally most of these previous studies did not analyze by

S8 D otwithstanding that the effects of isoflavones on HCC
may differ between men and women,'”

Alrhougti;l the relation between estrogen and HCC remains

previous epidemiological studies have reported the
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preventive effects of estrogen against HCC or the progression of
liver fibrosis. Yu er al. reported that the use of hormone replace-
ment therapy was associated with a lower risk of HCC, and that
younger age at menopause and ovariectomy during premencpause
were risk factors for HCC.” Tanaka ef al. reported that elevated se-
rum testosterone, together with decreased serum estrogens, ma

promote the development of HCC in patients with cirrhosis.™
Additionally, menopause seems to play a role in accelerating the
progression of fibrosis.* In | experi the degree of fi-
brosis was increased in males and females with hypoestrogenemia
compared with females with nomal levels of estrogen.”’ More-
over, variant ERs were more frequently expressed in male HCC
patients than female subjects, even in an early stage ol chronic
liver disease.”®™ while expression of both ERB and wild ERa
was lower in patients with HCC than in those with chronic liver
disease,” Taken together, these findings may indicate that a loss
of estrogen responsiveness might lead to HCC, and suggest that
estrogen and ER status may play a role in hepatic defense,

Several mechanisms may explain the association we found
between isoflavone consumption and increased risk of HCC in
women. First, because isoflavones compete for estradiol at the re-
ceptor complex, they may have an anti-estrogemic effect in
women.'” Indeed, a number of epidemiological reporting
an association between isoflavone intake and decreased breast can-
cer risk have suggesied that this finding is ascribable to the possi-
bility of anti-estrogenic effects of isoflavone.'"?'** Second, serum
estradiol concentration shows a significant inverse correlation
with soy product intake in women.'' ™ These findings suggest that
isoflavones inhibit the preventive effects of estrogen against HCC
in women, Moreover, the anti-estrogenic effects of isoflavone in
women might impede the preventive effects of estrogen-mediated
inhibition of [L-6 on HCC, given that estrogen’s inhibitory effect
on IL-6 secretion reduced HCC risk in female mine; and that an
isoflavone-rich diet increased IL-6 levels in women.*

We attempted to specify which kinds of soy products contrib-
wted to the increased risk of HCC in women. Our results showed a
stronger association for narto (fermented soybean) than other soy-
foods. Given that natto is the greatest contributor to isoflavones
intake in Japan,™ this result is plausible. Additionally, the isofla-
vone aglycones in fermented foods may have greater bioavailabil-
ity than their glucosides, because genistein and daidzein are
absorbed as isoflavone aglycones following hydrolysis of the gly-
caside by beta-glucosidases present in not only human gut bacteria
but also in foods.” These findings indicate the need for further
study of risk and bioavailability using plasma data.

In this study, most women (97%) who developed HCC during
the follow-up period wene postmenopausal at baseline. Isoflavone
may have not competed with estrogen in postmenopausal women
due to their low estrogen levels. However, even when analysis
was restricted 1o postmenopausal women, a positive association
between isoflavones and HCC risk remained. This lack of change
between premenopausal and postmenopausal women has also
been reported for breast cancer.”' " ***" Given the extended pe-
riod required for carcinogenesis to oceur, an anti-estrogenic effect
of isoflavones in premenopausal women might remain in post-
menopausal women, In cona':ﬁsé\Fivc:\ that isoflavones may have

an estrogenic effect in men,'”*™=* they might be expected to
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decrease the risk of HCC in men. Here, however, we saw no asso-
ciation between isoflavone consumption and HCC in men. The
predominance of androgens in men may obfuscate any estrogenic
impact of isoflavones, because lestosterone level is positively
associated with the risk of HCC in men.****

The strength of the present study is its prospective design and
negligible proportion of loss to follow-up (0.2%). Information on
isoflavones and soy food cc ption was collected before the
subsequent diagnosis of HCC, thereby diminishing the probability
of the recall bias that is inherent to case—control studies. Another
strength was that virus infection status was determined at baseline
for the entire population, allowing us to clarify the association
between isoflavones and HCC in a high-risk population.

Several limitations of the study also warmant mention. First,
because we estimated ption from self-reports and at a sin-
gle point (at baseline), and that validity for isoflavones was moder-
ale, some measurement error in the assessment of isoflavones and
soyfoods consumption is inevitable. If present. however, this was
probably nondifferential and would have lead 1o the underestima-
tion of results. Second. it would have been preferable if we had
been able 1o confirm the association between plasma isoflavone
level and HCC. Further studies using plasma samples are needed.
However, Spearman's correlation coefficients for daidzein and ge-
nistein between intakes from the questionnaire and from serum

ations in a validation study using subsamples in the JPHC
Stidy were 0.31 and 0,33, respectively.” Additionally, we previ-
ously reported similar results regarding the effects of isoflavone
between studies using plasma isoflavone levels and using a FFQ in
both breast®’ = and prostate cancer,” " On the basis of these find-
ings, we expect that results using plasma samples would be similar
10 our present results. Third, we had no information on the clinical
severity of hepatitis or on the treatment of subjects with hepatitis
virus infection before and during the study penod. If infected sub-
jects had received eatment, the occurrence of HCC may have
been decreased. However, this might have lead to the underesti-
mation of HCC occurrence, which would also bias the results to-
ward the null. ﬁmLLv. any genéralization of our results should be
done with caution.” Our subjects were restricted to those who
provided a blood sample and participated in the baseline health
checkup survey (28% for men, 45% for women}, and subjects al-
ready under care for hepatitis infection may have been less willing
to provide blood samples.

In conclusion, we found that isoflavones have a relevant role in
HCC risk in women, In particular, the unfavorable effect of isofla-
vones was independent of other major risk factors, namely HBV
and HCV infection. 1t might be therefore necessary for wamen
with hepatitis virus infection to abstain from isoflavone. Because
our cases numbers were relatively small, confirmation of these
findings in further studies is required
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Vegetable, fruit and antioxidant nutrient consumption and
subsequent risk of hepatocellular carcinoma: a prospective cohort
study in Japan
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In a population-based prospective study of 19998 Japanese individuals, consumption of vegetables, green-yellow and green leafy
vegetables was inversely associated with the risk of hepatocellular carcinoma (101 cases), with multivariable hazard ratios for the
highest vs lowest tertile of 0.61 (95% confidence interval (Cl) =036—1.03, Pyeg=007), 0.65 (95% Cl=039- 108, Pyeg=006)

and 0,59 (95% Cl=035-1.01, Pyeny =0.04), respectively.

© 2009 Cancer Research UK

Although the potential roles of fruits and vegetables in cancer
prevention have been demonstrated at various cancer sites (Vainio
and Weiderpass, 2006), the association with hepatocellular
carcinoma (HCC) remains unclear (World Cancer Research
Fund/American Institute for Cancer Research, 2007). Fruits and
vegetables are a rich source of antioxidants, such as retinol and
carotenoids, and vitamin C, and they are thought to exert
protective effects against cancer (Stanner et al, 2004). In an
intervention study, however, not all antioxidant nutrients might be
protective against HCC (Bjelakovic et al, 2004),

Here, we investigated the association between fruit and
v:Eeiable consumption and HCC in a large-scale population-based
cohort study in Japan, with due consideration for hepatitis C virus
(HCV) and hepatitis B virus (HBV) infection status,

MATERIALS AND METHODS

The Japan Public Health Center-based Prospective Study (JPHC
study) Cohort I1, initiated during 1993-1994, has been described
earlier (Kurahashi et al, 2009), The study population was defined
as all residents aged 40~ 69 years who lived in six PHC areas at the
start of the baseline survey. We enrolled 56635 men and women
who provided valid r to a self-admi ed questionnaire
(82%) and excluded participants with a history of cancer
(n=1219). Among them, a total of 20406 participants (36%)
provided a blood sample. These plasma samples were screened for
anti-HCV and for HBV antigen (HBsAg).

*Correspondence: Dr N Kurahashi, E-maib nkurshas@nccgop

'Study group members are listed in the Appendix
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1

The self-administered food-frequency questi (FFQ)
consisted of 52 foods, including beverages. It asked about the
usual consumption of six vegetable and three fruit items during the
previous year. The vegetables included two pickled vegetables
(green leafy vegetables and other vegetables), green leafy
vegetables (spinach, Chinese chives, etc), carrot, tomato and
100% vegetable juice, whereas the fruit items included apple, citrus
fruits and 100% fruit juice. The questionnaire contained five
frequency categories for vegetable and fruit consumption ranging
from ‘never’ to ‘almost every day’, except for juices. Standard
portion sizes were specified for each food item, which were then
used to determine the three choice amounts of small (50%
smaller), medium (same as the standard) and large (50% larger).
Six frequency choices for juice ranged from ‘almost never’ to '5 or
more cups per day’. The consumption of total fruit and total
vegetables (gday™') was calculated from these responses. We
documented the validity of the FFQ in the assessment of vegetable
and fruit consumption in subsamples using dietary records.
Although validities for vegetables and fruits were relatively low
(from 0.22 for vegetables to 0.31 for fruit), correlation coefficients
for antioxidant nutrients were considered moderate (from 0.31 for
vitamin C to 0.41 for f-carotene).

Among the 20406 participants who responded to the question-
naire and provided a blood sample, 408 who reported extreme total
energy intake (upper 1.0% or lower 1.0%) were excluded, leaving
19998 participants for analysis, who were followed from the baseline
survey until 31 December 2005. Of these, 5% moved out of a study
area and 0.2% were lost to follow-up during the study period.

We used Cox regression to compute hazard ratios (HRs) and
95% confidence intervals (Cls) of HCC according to tertiles of
consumption of the respective food items or nutrients with
adjustment for potential confounders, including HCV or HBV
infection status.
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RESULTS

During 235811 person-years of follow-up (11.8 years), a total of
101 new HCC cases were identified. The prevalence of chronic
HCV and HBV infection in HCC cases was 70.3 and 12.9%,
respectively,

We observed that participants with higher vegetable and fruit
consumption tended to be older, smoke less, drink less alcohal,
and consume less coffee and more genistein. Body mass index did
not substantially differ according to consumption. The proportion
of participants positive for anti-HCV, HBsAg or both among
tertiles of vegetable and fruit consumption was similar. The
prevalence of positive markers for HCV and HBV in this cohort
was 5.3 and 2.5%, respectively,

Table 1| presents HRs in relation to vegetable and fruit
consumption for HCC cases. Borderline inverse associations were
seen between vegetables and green- yellow vegetables and HCC,
with multivariable HRs for the highest vs lowest tertile of 0.61 (95%
Cl=036-1.03, Py.g=007) and 0.65 (95% CI=0.39~1.08,
Pieena = 0.06), respectively. In particular, green leafy vegetable
consumption showed an inverse dose-dependent association with
HCC (HR = 0.59, 95% CI = 0.35- 1.01 for highest vs lowest tertile of
consumption, Py..4=0.04). Results for vegetables excluding
pickled vegetables were similar to those for when they were

included. In contrast, fruit consumption including fruit juice
appeared to increase the risk of HCC, albeit without statistical
significance (HR = 1.45, 95% CI = 0.85-2.48 for highest vs lowest
tertile of consumption).

Table 2 shows the association between retinol, carotenoids
(a-carotene and f-carotene) and vitamin C and HCC risk. A
slightly negative association was seen between %- and fi-carotene
and HCC, with respective multivariable HRs for the highest vs
lowest tertile of 0.69 (95% CI=0.42-1.15) and 0.64 (95%
Cl=0.38~ 1.08). Multivariable HR for vitamin C was somewhat
increased in the highest category (HR = 1.38, 95% CI = 0.80- 2.40).

When the analysis was restricted to participants who were either
or both anti-HCV- or HBsAg-positive, these results were
substantially unchanged. It is worth noting that our study showed
that the preventive effects of 2- and f-carotene on HCC
strengthened, with respective multivariable HRs for the highest
vs lowest tertile of 0.60 (95% CI = 0.34~ 1.08, P,;.,,q = 0.08) and 0.61
(95% CI =0.34-1.09, Py na = 0.08) (data not shown).

After participants were stratified by smoking status, multi-
variable HRs for the highest vs lowest tertile among never smokers
were 0.42 for vegetables (95% CI=0.19-0.99, Py.na = 0.03), 0.30
for green-yellow vegetables (95% CI=0.13-070, Pyna<0.01)
and 031 for green leafy wvegetables (95% CI=0.13-0.74,
Pirena <0.01). Regarding nutrients, fi-carotene showed a significant

Table | Hazard ratio and 95% confidence intervals for hepatocellular cartinoma according to tertile of intake of vegetables and fruits, JPHC study
(n=19998)
Lowest Middle Highest [ —

Total vegetobles and fruits

Median (gday™") 553 1203 2009

Mo, of cases/person-years of follow-up 3279057 2278938 4777816

Age, area, sec-adjusted HR (95% CI) 1.00 0.71 (041 -1.23) 1.23 (0.78-1.94) 0.38

Multivariate HR" (95% CI) 1.00 0.78 (045~ 1.38) 1.14 (070~ 1.86) 0.56
Vegetables

Median (g day™') 256 517 B85

MNo. of cases/person-years of follow-up 3778971 3179 183 3377 657

Age, area, sex-adjusted HR (35% CI) 1.00 088 (0.55-1.43) 08! (050-1.29) 037

Multivariate HR® (95% CI) 1.00 079 (048-131) 06! (036-103) 0.07
Green— yellow vegetobles

Median (g day™ ') 0.1 23| 423

No. of cases/person-years of follow-up 44/78234 2479272 33/78 305

Age. area. sex-adjusted HR (95% CI) 1.00 0.66 (0.40-1.09) a8l (05!1-1.28) 0.27

Muitivanate HR® (95% CT) 1.00 0.55 [0.33-0.94) 065 (039~ 1.08) Q.06
Green leafy vegetables

Median (gday™") 7.1 17.0 23

Mo, of cases/person-years of follow-up 4278473 3173018 28/78 320

Age. area. sex-adjusted MR (95% CJ) 1.00 0.82 (0.51-1.30) 072 (044~ 1.17) 0.17

Multivariate HR® (95% CI) 1.00 071 (044=1.17) 059 (0.35-1.01) 0.04
Fruit

Median (gday™ ') 134 8.0 1203

Ne. of cases/person-years of follow-up 2978795 15/78 871 47/78 144

Age, area, sex-adjusted HR (95% CI) 1.00 081 (0.53-1.56) 1,30 (081-2.09) 032

Muhivariate HR® (95% CI) 1.00 1.08 (061-1.91) 145 (085 2.48) 019
Fruit excluding |00% fruit juce

Median (gday™") 18 468 972

No. of cases/person-years of follow-up 3478489 26778961 43/78 361

Age, area, sex-adjusted HR (95% CI) 1.00 0.97 (D.58-1.65) 124 (077-1.99) 040

Multivanate HR® (95% CI) 1.00 0.79 (045~ 1.38) 1.08 (0,65~ 1.82) o8l

Cl = confidence interval; HBsAg = HBV antigen; HCV, hepatitis C virus; HR = hazard ratio. *Adjusted for age, area, sex, HCV, HBsAg, smaking status, lcohol consumpion, body
mass index, history of dizbetes mellitus and intake of coffee, genistmin. *Adjusted for age, area. sex, HCV, HBsAg, smoking status, alcchol consumption, body mass index, history
of dabetes meliitus and intake of coffes, genigen and fruit. “Adjusted for age, area, sex, HOV, HBgAg, smaking status, alcohol consumption, body mass index, past history of
diabetes mefiitus and intake of cofiee, genistein and vegetable
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Table 2 Hazrd ratio and 95% confidence mtervals for hepatocefilar caronoma according to tertile of mtake of nutnent. JPHC study (n= 19 938)
Lowest Middle Highest Pad

Retinal

Median (mg day™") 1148 2827 ”2

Na of casesiperson-vears of foliow-up 33/78 650 34778824 3478 338

Age, area sex-adyusted HR (35% C1) 1.00 124 (0.75-203) 1.37 (0.84-223) 0.20

Multivariate HR® (95% C1) 1,00 .26 (076-2.10) 1,07 (0464 1.79) 045
a-Corotens

Median (mgday™') 504 | 46.6 5612

Mo of casesiperson-years of follow-up 4078660 2BTBTS6 33781395

Age, area sex-adjusted RR (95% CI) 100 078 (0.48-127) 081 (0S51-129) 034

Multivariate HR* (95% Cf) 100 073 (044-122) 0.69 (0.42-1.15) 0.14
-carotene

Median (mgday™') 6022 13557 23190

No. of casesiperson-years of follow-up 3978628 30/79 082 7e 0l

Age, area, sex-adjusted HR (95% CT) 1.00 087 (054-141) 079 (049~ 1.26) 031

Multivariate HR® (95% C1) 100 082 (0.50-1.35) 0.64 (0.38- 1.08) 0.0
Vitomin €

Median (mgday™') 364 678 939

MNo. of casesiperson-years of follow-up 21378495 3478964 44/78 352

Age, area, sex-adusted HR (95% C1) 1.00 141 (0.82-240) 133 (0.79-224) 039

Multvariate HR® (5% C1) 100 1,74 (0596-23.06) 1.38 (0.80-2.40) 044

€} = confidence interval; HBsAg = HBV antigen; HCV. hepatitis C vus: HR = hazard ratio. *Adjusted for age. area, sex, HOV, HBsAg. smoking status, alcohol consumption, body

mass index, history of diabetes mefltus and intake of coffes and genisten

inverse association with risk among never smokers (highest vs
lowest: HR=0.31, 95% Cl=0.13-0.76). In contrast, vitamin C
seemed to be positively associated with HCC risk among current
smokers, with an increase in multivariable HR for HCC in the
second and highest categories (HR =3.58, 95% CI =1.21-10,63
and HR=2.69, 95% CI=0.89-8.08, respectively) (data not
shown).

DISCUSSION

Our study identified inverse associations between the consumption
of vegetables, green-yellow and green leafy vegetables and HCC.
Concomitantly, an inverse association between z- and fi-carotene
and HCC risk was shown. These results are plausible, given the
abundance of these nutrients in vegetables, particularly green-
yellow vegetables.

In an animal experiment, carotenoids were shown to suppress
liver carcinogenesis (Murakoshi et al, 1992; Moreno er al, 2002),
whereas in an intervention study in patients with viral hepatitis
and cirrhosis, a greater than 50% decrease in HCC incidence was
found in the group administered a carotenoid mixture in addition
to conventional treatment compared with a group given conven-
tional symptomatic treatment alone (placebo not used) (Nishino,
2007). These findings support our present findings. It is worth
noting that our study showed that the preventive effects of 2- and
P-carotene on HCC were strengthened when participants were
limited to those who were either or both HBV and HCV pasitive.
Given that inflammation is accompanied by the excess production
of free radicals and that carotenoids have antioxidant potential in
the scavenging of free radicals (Krinsky, 1989), carotenoids appear
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to play an important role in the prevention of hepatitis virus
infection-related liver carcinogenesis.

In contrast, vitamin C consumption appeared to be associated
with an increased risk of HCC. These relations were strengthened
among current smokers in our study (see Results). Although
vitamin C has antioxidant potential, it also acts to stimulate the
absorption of iron from food (Lynch, 1997), and iron overload is
considered a risk factor for HCC (Kowdley, 2004), Dietary vitamin
C is positively associated with ferritin, which was used as a
measure of body iron stores in the study by Fleming et al (1998).
Thus, a higher intake of vitamin C might be harmful to hepatic
cells, especially among smokers.

Given that the prognosis for HCC is extremely poor, our results
would, if confirmed, have important implications for public health.
Greater consumption of vegetables that contain z- and fi-carotene
and restraint in those rich in vitamin C may modify the
development of HCC in HBV- and/or HCV-infected participants,
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ABSTRACT

Background: To show the reduction in life expectancy due to smoking and the recovery of nommal hfe
expectancy by smoking cessation 15 useful for tobacco control health policy

Methods: This study included 140,026 males and 156,810 females aged 40-79 years, who were participants of
large-scale cohort studies i Japan (Japan Health Center-based Prospective Study [JPHC]-I, JPHC-IL, Three-
Prefecture Study, and Japan Collaborative Cohort [JACC] Study), which commenced around 1990. The mean
follow-up period (£standard deviation) was 9.6 + 2.3 years, during which 16,282 men and 9,418 women died. For
persons aged 40-79 years grouped according to each defined smoking status in the baseline questionnaire, sex- and
age-specific death rates at attained ages were calculated. The age-specific death rate was calculated by dividing the
number of persons who died at the age by the number of persons who were followed-up at the attamed age. From
these death rates, current life tables were constructed according to the smoking status, and survival curves were
plotted

Results: The life expectancy of male smokers, ex-smokers, and never-smokers at age 40 years was 38.5, 40.8, and
42 4 years respectively. In women, the corresponding life expectancies were 42.4, 42.1, and 46.1 years. In both
sexes, the age by which half of the current smokers had died was approximately 4 years younger than that for
never-smokers. The life expectancies of male ex-smokers who quit smoking before ages 40, 50, 60, and 70 years
were 4.8, 3.7, 1.6, and 0.5 years longer than those of smokers, respectively

Conclusion: Smoking considerably reduced the life expectancy, and earlier smoking cessation resulted in a better
survival than that seen with continued smoking.

Key words: Smoking, Life Expectancy, Cohort Studies

INTRODUCTION

Smoking is a major cause of cancers and cardiovascular and
other diseases and consequently increases the nsk of death ;
Determining the reduced life expectancy due to smoking in
addition to the imcreased nsk of developing individual
diseases should be effective in estimating the health burden
associated with smoking. Survival curves denved from life
tables have revealed a trend toward increased mortality with

age. Several studies have used survival curves to mnvestigate
the reduction in life expectancy caused by smoking &9 K
previous Japanese study investigating circulatory diseases
was based on a representative population in Japan but
included a relatively small sample size 10

Several large-scale cohort studies based on the general
population of Japan commenced in the early 1990s,1'% and
around 300,000 mddle-aged and elderly men and women
were observed over approximately 10 years In the present
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study, we sought to construct life tables to evaluate the
reduction in life expectancy due to smoking and to assess
whether normal life expectancy is regained by the cessation
of smoking at different ages

METHODS

The subjects of this study were derived from 3 cohort studies
m Japan.'!"' One of these was the Three-Prefecture Study,
which was conducted in Miyagi, Aichi, and Osaka
Prefectures in a total of 15 areas. The study population
comprised all residents aged 40 years or older in the study
areas. The subjects were followed up from February 1, 1983/
December 1, 1990 through December 31, 1993/February 28,
2000 (different follow-up periods in different study areas) !
The second study was the Japan Collaborative Cohort
(JACC) Study, which was conducted in 45 areas in the 4 man
islands of Japan, excluding Shikoku Island The study
population consisted of all residents aged 40 years or older n
22 areas, participants of health examinations conducted by
the municipalities in 20 areas, and a combination of the above
and atomic bomb survivors in the remaining areas The
subjects were followed up from 1988/1990 through
December 31. 1999 (different starting periods in different
areas) '>1? The third study was the Japan Public Health
Center-based Prospective (JPHC) Study.'® The subjects of
JPHC-1 were recruited in 1990, and this study targeted
registered inhabitants aged 40-59 years in 5 public health
center areas in [wate, Akita, Nagano, Okinawa, and Tokyo
They were followed up from January 1, 1990 to December
31, 2000.'% JPHC-II subjects were recruited in 1993-1994,
and this study targeted registered mhabitants aged 40-69
years in 6 public health center arcas in Nugata, Ibaraki,

Table 1. Characteristics of the cohorts,

Kochi, Nagasaki, Okmawa, and Osaka They were followed
up from January 1, 1993 through December 31, 2003 .!*

Smoking status was surveyed 1n the baseline questionnaire
for each cohort study. The status was divided into 3
categones: smoking, ex-smoking, and nonsmoking. Among
smokers and ex-smokers, the age at which smoking was
started (and stopped in the case of ex-smokers) and the
number of cigarettes consumed a day were recorded '1!®
Follow up of the subjects was study specific, and the details
are described elsewhere 1% As a general rule, all deceased
people n each study area and people who moved out of the
study area were identified using the population registry in
each mumcipality office. The cause of death for each person
was obtamed from the death certificate.

A total of 140,026 men and 156,810 women aged 40-79
years from the 3 cohorts were included in this study (Table 1)
The mean follow-up period (+standard dewviation) was 8.5 £
2.7 years, 9.9 £ 2.2 years, 10.4 £ 1.6 years, and 102 £ 1.7
years for the Three-Prefecture Study, JACC Study, and JPHC-
I and -II Studies, respectively. The prevalence of smokers in
each cohort 1s shown mn Table 1. The age-adjusted death rate
by cohort, sex, and smoking status was separately calculated
for the age groups of 40-69 years and 70 years or older and
based on the sex- and 5-vear age-specific death rates was
classified according to the smoking status of each cohort. The
standard population was constituted of age-specific numbers
of persons who were followed-up at the attained age. The
adjusted death rates in smokers and nonsmokers vaned
shightly between cohorts, and the rate ratios of smokers/
nonsmokers were approximately 1.5-1.8 in men and 1.4-2.1
n women

The charactenistics of all the subjects are shown i Table 2
The mean age (+standard deviation) was 54.1 £ 9.7 years in
men and 54.5 £ 9.8 years in women. The prevalence of male

Age-adjusted death rate wnimd age groups §
)

Age at baseleine  Prevalence of pact;
Cohort study No. m:mg:") ) scr:;r::'rla 40-69 years old 70 years or older
Smokers  Never-smoker  Smoker Never-smokers
Male Three-Prefecture 44,453 5441 10.2 (40-79) 57.8% .31 579 540 36.2
JACC * 42528 573+ 102 (40-79) 53.0% 7.62 451 449 281
JPHC t-1 23478 49.0%60 (40-59) 53.6% 8.24 5.28 NA NA
JPHC-IT 28567 532+ 88 (40-69) 52.0% 932 4.96 414 241
Total 140,026 54.1+97(40-79) 54.4% 859 501 482 3089
Female Three-Prefecture 43,704 552 105 (40-79) 11.9% 8.21 362 338 250
JACC 53,370 57.3%10.1 (40-79) 5.6% 472 2.44 283 172
JPHC-L 26,561 49.1 £ 5.9 (40-59) 7.9% 4.25 2, NA NA
JPHC-11 33175 535+89(40-69) 7.3% 5.85 280 1886 124
Total 156,810 54598 (40-79) 8.1% 553 287 313 193

* JACC: Japan Collaborative Cohort
t JPHC: Japan Public Health Center-based prospective Study Cohort
RM]uﬂad :’o; Ithe standard population constgl.led of age-specific person years observed at the attained age.
: not avallable
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114 Reduced Life Expectancy in Japan due to Smoking

smokers was 54 4% overall and 59 5%, 54.2%, 55 6%, and
42.5%. respectively, for the age groups of 40-49, 50-59, 60-
69, and 70-79 years. There were 25.1% male ex-smokers and
20.5% male never-smokers. Amongst women, 8.1% were
smokers (9.5%, 7.5%, 6.8%, and 8.5%, respectively, for the
age groups mentioned above); 2.4% were ex-smokers, and
89.5% were never-smokers. The smokers were further
classified according to the number of cigarettes consumed per
day, and the ex-smokers were categonzed by the age at which
they stopped smoking.

Sex- and age-specific death rates were calculated based on
the observed person-years al attamning ages and the number of
deaths at that age From these death rates, the complete
current life tables were constructed using Chiang’s method,
for each smoking status.'® Life expectancies at age 40 vears
were calculated, and survival curves beginning at age 40
years up to that at age 90 years, for a population of 100,000,
were plotted. We estimated the 95% confidence nterval (CI)
for life expectancy by setting the age intervals less than 90
years as one year and the last interval as age 90 years or

1
e al
0.1 E = '
z
i
5 001 F
;‘ 3
A —Smokers
0,001 ==Ex-smokers
1 — Nonsmokers
r
0.000] ———
40 ol 60 70 B0 90
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Figure 1

Age-specific death rates calculated at the attained ages (males),
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Figure 3. Survival curves for all males included in the
study, starting from age 40 years, for a
population of 100,000.
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older !¢

For the ex-smoker subgroup, the age group at which the
subjects quit smoking was divided into 10-year intervals, 1¢,
40-49 years, 50-59 years, and 60-69 years. For those who quit
smoking at the age of 40-49 years, the death rates up to the
age of 44 years were assumed to be equal to those of smokers,
while those at ages 45 or older were considered to be equal to
the death rates of ex-smokers. Death rates for those who quit
smoking at the age 50-59 years or 60-69 years were denived
in the same way

RESULTS

The person-years by smoking status and the number of deaths
among men and women are presented in Table 2. Most
observations were distributed amongst subjects m their 505
and 60s. Sex- and age-specific death rates up to the age of 89
years are shown for men and women m Figures | and 2,
respectively. In general, the rates mcreased n an exponential

0.1

Death rate
o
=3

——Smokers

0.001 o o/ = = Ex-smokers
— Nonsmokers
0.0001 i : 1 ' 1 A F 1 1
40 50 60 70 80 90
Age (years)
Figure 2

Age-specific death rates calculated at the attained ages (females).
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Figure 4, Survival curves for male smokers, starting from
age 40 years, for a population of 100,000.



Ozasa K, etal. 115
100,000 r——-% T 100,000
-~ g | - “-‘_‘-“---..‘
g : 3 ol
; N
S " —s8 s ™
B B Smokers z \ \\
X —— Nonsmokers é \
E 50,000 50,000
2 = = Ex'smokers, quit ‘T\gf = \ \
s I at age <40 = B =
B === Ex-smokers, quit \ }.\ g | S==Smokers "
= = al age 40-49 A - b
s | -~ Examokers, quit 3 % X e
E = Etx'imaﬁkne;z quit = — —— Nonsmokers
ut age 60
e el |
40 50 B0 70 B0 90 40 60 60 70 80 90

Age \years)

Figure 5. Survival curves for male ex-smokers, starting
from age 40 years, for a population of 100,000

linear pattern in both sexes, regardless of the smoking status
At age 40 years, the life expectancy was 38.5 years (95%
CI: 383 and 387) for male smokers, 408 vears (95% CI:
40.6 and 41.0) for ex-smokers, and 43 2 years (95% CL 42.2
and 42.7) for never-smokers (Table 3). For women, the
corresponding life expectancies at age 40 years were 42.4
(95% CI: 42.1 and 43.0), 43.1 (95% CI: 421 and 43.5), and

Age (years)

Figure 6. Survival curves for all females included in the
study, from age 40 years, for a population of
100,000,

46.8 (95% CI. 46,0 and 46 3) years (Table 3). Both male and
female heavy smokers had slightly shorter life expectancies
than those of light smokers. Male ex-smokers who quit before
age 40 years had a slightly longer life expectancy (43 3 years,
95% CI: 42 6 and 43 9) than that of never-smokers. Male ex-
smokers who quit smoking at younger age had a longer life
expectancy than that of ex-smokers who quit at older age

Table3. Observations on follow up, and calculated survival rates and life expectancies.

e by which half of  Life expectancy at age of
Pgme;m of No. of deaths Allgc pgpulsuon died wlnm 4
from age of 40 years (85% confidence interval)
Male
Smokers 717,200 9,240 BD.4 385 (383, ,387)
Ex-smokers 328,883 4,582 82.4 40.8 (40.6, 41.0)
Never-smokers 278 921 2,480 846 424 (42.2,427)
Total 1,325,004 16,282 818 359(39.8, 400)
(subgroups)
Smokers, 1-14 cigareties a day 117,742 2,224 801 383(378,387)
Smokers, 15-24 cigarettes a day 357,916 4,762 BOG 387 (384,389)
Smokers, 25+ cigarettes a day 230,170 2111 798 379 (37.4,384)
Ex-smokers, quit at age <40 years 100,155 474 86.1 433 (426438)
Ex-smokers, quit at age 40-49 years 97,328 739 8489 422 (41.7.42.T)
Ex-smokers, quit at age 50-59 years 74,227 1.300 824 40.1 (39.6, 40.6)
Ex-smokers, quit at age 60-89 years 34,117 1.201 81.1 390 (383, 3986)
Female
Smokers 117,172 1,085 844 425(42.1,430)
Ex-smokers B 517 409 85.0 428 (42.1,435)
Never-smokers 1,379,703 7.924 884 461 (460, 463)
Total 1,530,392 9,418 880 457 (456,459)
(subgroups)
Smokers, 1-14 cigarettes a day 58,029 809 B4S 425(41.9,432)
Smokers, 15-24 cigarettes a day 45 497 k-] B840 423(415 430)
Smokers, 25+ cigarettes a day 9,570 79 a1s 404 (38.3,424)
Ex-smokers, quit at age <40 years 8923 28 850 435 (412, 459)
Ex-smaokers, quit at age 40-49 years 8,027 52 e9.0 439 (41.7,46.0)
Ex-smokers, quit at age 50-59 years 7,966 84 865 439 (426,453)
Ex-smokers, quit at age 60-60 years 3 966 106 849 420 (41.0,430)
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Survival curves (commencing at age 40 years) were plotted
for all the men and women n the study for a population of
100,000 and were classified according to smoking status, as
shown in Figures 3-6. Figure 3 shows that 21% of male
smokers would die by 70 years of age, whereas only 13% of
male never-smokers would die by the same age. For women,
the comesponding proportions for smokers and never-
smokers were 14% and 8%, respectively (Figure 6). For male
ex-smokers, the survival curve was between those of the
smokers and never-smokers (Figure 3), whereas n women,
the survival curves of ex-smokers and smokers were similar
(Figure 6). Amongst male smokers, the survival curve of light
smokers was similar to that of heavy smokers rather than that
of never-smokers (Figure 4). The survival curve of male ex-
smokers who quit before age 40 was better than that of never-
smokers (Figure 5). Male ex-smokers who quit at age 40-49
showed suimilar survival to that of never-smokers. Those
quitting at ages 50-59 and 60-69 showed ntermediate
survival, i e, between those of smokers and never-smokers.
Survival curves for female ex-smokers quitting at various
ages were between those of smokers and never-smokers, most
of whom were aged < 85 years.

The age by which half of the study population had died is
shown m Table 3. In males, this age was 4.2 years lower in
smokers than in never-smokers, whereas the difference was
4.0 years for female smokers compared with female never-
smokers. For male ex-smokers, the age at death was 2.2 years
vounger than that for never-smokers and the age at death for
women ex-smokers compared with that for never-smokers
was 3.4 years lower.

DISCUSSION

In this study, life expectancy for male smokers aged 40 years
was 3.9 years shorter than that for male never-smokers and
1.6 years shorter than that for ex-smokers. For women, the
comresponding differences were 3.6 and 3.3 years. The
respective life expectancies of male ex-smokers who qut
smoking before ages 40, 50, 60, and 70 years were 4.8, 3.7,
1.6, and 0.5 years longer than those of smokers. Although
smoking cessation at any age led to a certain recovery of life
expectancy, the earlier the cessation, the larger was the
recovery, and never smoking is the best way to live out our
natural lives

This study was based on data from cohort studies, but a
current life table was constructed from the age-specific death
rates calculated from the cross-sectional summation of
observed person-years and the number of deaths at each age.
Cohort subjects in age ranges 40-39, 40-69, and 40-79 years
were followed up during the 1990s over approximately 10
years. We compared the life expectancy in this study with the
life table to Japan i 1995, which was constructed at around
the mud-point of the follow-up penod of our examuned
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cohorts.!” Life expectancy at age 40 years for the entire
population in this study was 40.2 years for men and 46 3 years
for women, whereas in the 1995 life table for Japan, the life
expectancies for men and women were 37 9 and 43.9 years
rt:spu:w.:!iw.-.l_\'.r‘|I These figures were not directly comparable
because the methods used to calculate them were different
The difference between smoking status should be considered.

The difference m median survival between smokers and
never-smokers was approximately 4 years in both sexes
(Tables 2 and 3). This was in contrast to the difference in the
median survival (7.5 years) of smokers and nonsmokers m a
40-year study of male British physicians > In this study, the
difference was 5 years m the first 20 years of observation
(1951-1971) and 8 years n the second half of the study penod
(1971-1991). In a subsequent study of male British physicians
who were bomn in 1900-1930 and followed up over 50 years,
the difference in the median survival between smokers and
nonsmokers increased to 10 years.* The authors suggested that
the difference between the observed median survivals
calculated for the time periods 1951-1971 and 1971-1991 was
because most of the deaths in nonsmokers occurred n the
second half of the study® The greater difference reported in
2004 was based on direct longitudinal observation over half a
century.’ This was because nonsmokers actually survived
longer than their predicted life expectancy calculated from
cross-sectional data The median survival difference of 4 years
observed in the present study, which was based on an
approximately 1-decade follow-up penod, is similar to that
seen in the 1951-1971 part of the study on British physicians 2
With a longer follow-up period and decreasing prevalence of
smokers, we would have observed a greater difference in the
median survival time.

In our study, the difference in the survival curves for light
and heavy male smokers was small. This finding is consistent
with the results of Hirayama’s cohont study, which found that
the relative nisks of all causes of death were similar in smokers
who consumed 1-9, 10-19, and 20+ cigarettes a day (relative
nsk: 135, 1.25, and 129, respectively), however, most
individual diseases associated with smoking, such as lung
cancer, showed duse-depmdency.] 1

When considering the survival of ex-smokers, several
points should be kept mn mind. The reasons for cessation of
smoking are many and varied, some smokers may quit
because of illness, whereas others quit not because they are ill,
but in order to avoid the known, long-term effects of smoking.
In the former, the mortality rate of ex-smokers may be raised
just after quitting, while in the latter, the mortality rate may be
decreased for some time after quitting smoking.

Male ex-smokers who quit smoking before the age of 40
years (mean age 31 years) demonstrated an improved survival
over never-smokers. These ex-smokers might have been
health conscious and consequently healthier, in general, than
never-smokers because they quit smoking when they were
young, 1.e., before the early 1990s, when the adverse effects of
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smoking were less well known in Japan. Some of the smokers
n this category may have quit because of illness, but their
proportion appeared to be small because of the longer survival
of ex-smokers who quit early. In the longitudmnal study of
Bntish physicians, a similar result was demonstrated for ex-
smokers who quit before the age of 357 In our study, the
survival of ex-smokers who quit smoking at 40-49 years of
age was similar to that of never-smokers. In contrast, Bntish
physicians who quit smoking at ages 35-44 and 45-35
demonstrated reduced survival *

An explanation for this difference may be that never-
smokers in our Japanese study might have been less healthy,
because smoking was very common in Japanese men, and the
smoking rate was very high (approximately 80%) in the 1970s
and 1980s!? Consequently, Japanese never-smokers might
have had health problems that compelled them to avoid
smoking. In British physicians, although the prevalences of
smokers, ex-smokers, and never-smokers were 62%, 13%, and
25%, respectively in 1951, the corresponding figures in the
1990-91 survey were 18%, 60%, and 22%, respectively.? In
addition, among young physicians aged 20-24 and 25-29 years
in 1951, the prevalence of never-smokers was 43% and 30%,
respectively. 2’ Thus, British physicians quit smoking or chose
to never smoke a very long time ago

In a previous Japanese study (NIPPON DATA B80), the
difference in the life expectancies of smokers and never-
smokers was 3.5 years in males and 2.2 years in females -
These life expectancies are 0.4 and 1.4 years shorter than the
comparable figures in our study. The baselme survey for the
previous Japanese study was conducted m 1980,
approximately 10 years earlier than our own, at a ime when
smoking was more common in Japan'? Therefore, the
nonsmoking group was thought to mnclude people with
conditions that compelled them to avoid smoking, and the
difference in their life expectancy and that of smokers might
be considered small. In addition, passive smoking, bemg more
common in that era, could have contributed to the small
survival difference by increasing the death rate of never-
smokers

There were some limitations i our study. Misclassification
of smokers and never-smokers may have occurred. For
example, those classified as smokers at the time of baseline
survey, who subsequently qut smoking, could have
contributed to a lower mortahty rate in the smoker group
because of improved health. This misclassification may be
largely because of contemporaneous tobacco-free promotions
Such misclassification may also have occurred in our study. To
reduce this possibility, 1t would be useful to collect data
regarding changed smoking status duning follow up. In
women, the small number of observations in smokers and ex-
smokers may have decreased the reliability of their results
although the survival of heavy smokers was shorter than that
of light smokers, and the survival of ex-smokers was between
those of never-smokers and smokers

Reduced hfe expectancy due to smoking has been shown in
previous studies. In the United States, the life expectancy of
smokers of both sexes was reported to be approximately 7
years less than that of nonsmokers, as determmed from data
sets including smoking status just prior to death* In Australia,
in the mid-1980s, the difference in the life expectancies of 13-
year-old males who had never smoked and those who were
heavy smokers was estimated as 5.6 years. However, this
estimate was based on a projection using age-specific
mortality and an etiological fraction for smoking determined
by the indirect method® Based on population studies in
Copenhagen, the reduction i the life expectancy of heavy
smokers was 9.2 years in men and 9.4 years in women, this
difference is large compared with other studies and may be
because data regarding changed smoking status was
repeatedly collected during follow up® In a Danish National
Cohort Study, the life expectancy at age 20 was 7 years less for
heavy smokers than for subjects who had never smoked. and
that at age 65 years was 5 years less in both men and women
smokers. This was determined by estimating smokmng-
attributable mortality rates and using them for constructing a
life table.” In the Chicago Heart Association Detection Project
m Industry Study, the life expectancies of male current
smokers were 5.3 and 5.7 years shorter than those of never-
smokers m the 2 groups with lower cholesterol levels; the life
expectancies were estimated using absolute nisk and absolute
excess risk * In the Framingham Heart Study, the difference
the life expectancy at age 50 between subjects who had never
smoked and those classified as always smokers was reported
as 8 66 years in men and 7.59 years in women; in this study,
the smoking status was determined m biennial exams during
follow up.?

In conclusion, the life expectancy of the population
mcluded in Japanese large-scale cohort studies was reduced by
shghtly less than 4 years in smokers as compared with never-
smokers i both men and women. Smoking cessation at any
age led to a certain recovery of life expectancy, and the earlier
the cessation, the larger was the recovery. Further, never
smoking is the best way to live out our natural lives. The 4-
year reduction in life expectancy may be an underestimation
because in this study, the smoking status was determined only
at the time of the baseline surveys for the cohort studies. In
addition, mn Japan around 1990, the never-smoker subset may
have included people with conditions that compelled them to
avoid smoking
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We analyzed the postal surveys conducted by Japanese Cancer
Association (JCA) in 2004 and 2006. This survey aimed to assess JCA
members’ behavior and their attitudes toward patients who are
smokers, smoking cessation, and their responsibilities. in the 2006
version, questions were added about hope for various approaches
related to smoking and health and the attitudes as medical experts
when treating patients. JCA members’ smoking rate was 5.9% in
2004 and 9.0% in 2006. Current smokers were significantly more
likely than never or former smokers to disagree or have no opinion
with most activities about smoking control such as ‘raising the price
of tobacco’ and ‘labeling health wamings describing the harmful
effects of tobacco in large letters with clarity for easier reading’,
while most members including smokers agree to ban smoking while
walking, to educate general people about tobacco and health, to
provide an environment where children cannot get tobacco and the
information about tobacco and health. Smoking rate among JCA
members were less than that of general populations, and most of
them are in favor of promoting tobacco control activities. (Cancer Sci
2008; 99: 824-827)

Smukjng represents the single largest preventable cause of
disease and death in the world today. Exposure can cause
cancer of the lip, oral cavity, pharynx, esophagus, stomach,
liver, pancreas, larynx, lung, cervix uteri, Kidney, and bladder,
and myeloid leukemia,”#' and recent research in Japan indicates
that 29% of male cancers and 3% of female cancers are prevent-
able in the Japanese middle-aged population if they avoid tobacco
smoking.” The members of the Japanese Cancer Association
(JCA) can play a leading role in helping people to live tobacco
free through political action and by counseling people to quit
smoking. The aim of the present study was to assess past and
current smoking behavior and JCA members’ attitudes foward
patients who smoke, smoking cessation, and their responsibilities
as JCA members.

The JCA conducted a postal survey in 2004 and 2006. In the
2004 survey, all members classified as honorary members, coun-
cilors, and general members were identified and 179, 360, and
607 members, respectively, whose last two-digit membership
numbers were 21, 41, 71, or 91, were approached. In the 2006
survey, among all of the members idenufied through the mem-
bership database of JCA, those whose last-digit membership
number was 5 were selected (n= 1547). After exclusion of members
with incomect addresses (n=24), 923 were approached. The
questions for the questionnaire were developed after a review of
the literature with acceptable face validity and discussion with
the Committee for Control of Tobacco Use. A nationally recog-
nized expert with extensive experience in the areas of smoking
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cessation and survey research provided input to establish content
validity. Changes suggested (e.g. adding or deleting questions,
wording changes) were adopted to create the final question-
naires. The majority of questions had a closed-ended format. with
multiple choices, or yes or no answers, with coverage of medical
specialty, sex, age, and smoking behavior included.

After the first mailing, 144 honorary members, 249 councilors,
and 269 general members in 2004 and 676 members in 2006
responded 1o the survey giving response rates of 57.8 and 44.5%,
respectively. After a single reminder in 2006, the total rose to
923, a response rate of 60.6%. Participants that did not respond
to the questions about smoking in the 2006 survey (n = 3) were
deleted from the analysis.

The majority of the responders in both the 2004 and 2006 sur-
veys were men (82.5% in 2004 and 78.2% in 2006) in their 50s
(28.9%) in 2004 and in their 40s (35.0%) in 2006, and people
who specialized in clinical fields (39.4% in 2004, 43.3% in
2006). In 2004, 40.6% were general members, 37.6% were
councilors, and 21.8% were honorary members,

Overall, 5.9 and 9.0% were current smokers and 41.8 and
29,7% were former smokers in 2004 and 2006, respectively
(Table 1). The prevalence of current smokers was higher in the
younger age group whereas that of former smokers was lower in
the younger age group in both surveys. In the 2004 survey, the
prevalence of current smokers was higher and that of former
smokers was lower in general members than in honorary members
and councilors combined. For women, there were 31 and 116
responders in 2004 and 2006, respectively, and their smoking
prevalence was much lower than in men. Current and former
smokers accounted for 0 and 6.5% in 2004 and 0.9 and 7.8% in
2006, respectively.

Current smokers were also asked to respond to questions about
smoking cessation behavior and concern about smoking cessa-
tion. A behavioral theorctical model was used to assess the posi-
tion of smokers on the change continuum. The stages of the
change model were based on the model of Prochaska and
DiClemente,'” and were developed by Nakamura.™ Smokers
who were not interested in quitting smoking and were not con-
sidering quitting in the next 6 months were defined as ‘immoti-
vators’, whereas those who were interested in smoking cessation
but not considering cessation in the next 6 months were defined
as ‘precontemplators’. Those who were seriously thinking of
stopping within the next 6 months were defined as ‘coniemplators’,

"Te whom correspondence should be addressed. E-mail: ksaika@ncc.go.|p
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Table 1. Smoking prevalence according to background characteristics among study responders
2004 2006
Characteristic Current Former Never total Current Former Never Total
smoker (%) smoker (%) smoker (%) smoker (%) smoker (%) smoker (%)

Age (years)"

20-59 6.5 378 55.7 418 10.1 26.8 63.1 794

=60 419 45.0 461 243 25 a6.7 50.8 122
Major?

Clinical 6.1 40.6 533 261 85 30.9 60.6 398

Not clinical 5.8 426 51.5 394 10.2 256 64.2 324
Position®

Honorary members 49 50.0 451 144 - - - B

Councilors 4.8 a7.8 a7.4 249 - - - -

General members 74 32.0 60.6 269 - - - =
Total 5.9 1.8 523 662 9.0 29.7 61.3 920
"One subject in 2004 and four subjects in 2006 were deleted due 1o unknown status.
‘Seven subjects in 2004 and 198 subjects in 2006 were deleted due to unknown status.
¥in the 2006 survey, Information regarding members’ positions were not asked.
Table 2. Distribution of ‘stage of change’ according to cessation experience within the last year among current smokers

2004 2006'
Stage Smoking cessation No smoking cessation Smoking cessation No smoking cessation
experience (%) experience (%) T:‘:';;ﬂ experience (%) experience (%) rc::';;“
n=13 n=26 n=>54 n=28

Immotive 0.0 50.0 333 14.8 321 20.7
Precontemplation 538 423 462 519 50.0 512
Contemplation 385 38 154 27.8 14.3 232
Preparation 7.7 38 5.1 5.6 36 49

'One subject in 2006 was deleted because the experience of smoking cessation was unknown.
Smokers were classified into four groups according to the strength of feeling to quit smoking.
Immotive, srnokers who were not interested in quitting smoking and not considering about quitting in the next 6 months.

B
Prec

C "'\.

s who were seri

who were interested in smoking cessation but not considering cessation in the next 6 months.
ly thinking of stnppa‘ng within the next 6 months,

Przparatiorl smokers who were planning smoklng cessation within the following 1 month.

Smokers planning smoking cessation within the following 1 month
were considered to be in the *preparation’ stage. Current smokers
were asked whether or not they made at least one quit attempt
at least 1 day during the last year or not.

Table 2 presents the ‘stage of change’ profile of current smokers.
The majority were either in the immotive or precontemplation
stage and only 5.1% in 2004 and 4.9% in 2006 indicated they were
in the preparation stage and ready to quit within the next month.
In both surveys, smokers reporting past smoking-cessation
experiences within the last year were less frequent in the immo-
tive stage and more frequent in the preparation stage than those
with no previous cessation experience. For former smokers, they
were asked about the elapsed years since smoking cessation and
the number of quit attempts in the 2004 version.

In both the 2004 and 2006 surveys, approximately 60% of
former smokers reported that they succeeded in stopping smok-
ing with only one attempt and the remaining 40% succecded
after multiple attempts.

In the 2006 version, questions were added about hope for various
approaches related to smoking and health and their attitudes as
medical experts when treating patients. Responders were asked
to assess three different statements dealing with beliefs about
smoking control, stop-smoking treatment, and staff or patient
smoking, We presented responders with a series of items relat-
ing to control or actions about smoking, with the responses being
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‘agree’, ‘no opinion’, or ‘disagree’. Furthermore, for the medi-
cal doctors who responded that they push cessation for patients
who smoke, we asked questions about barriers to stop-smoking
treatments,

Comparisons of the views of current smokers, former smokers,
and never smokers were made using the y*-test. Responders that
indicated that they were not medical staff (n = 132) nor working
in a clinical capacity (n = 180) were deleted from the analysis.

As aresult, current smokers were significantly more likely than
never or former smokers to disagree or have no opinion with
most items about smoking control. Figure 1 shows the items that
had significant differences among smoking status with P-values
less than 0.0001. Compared with never or former smokers, there
was especially low a ent of current smokers with “raising
the price of tobacco’ (24.1%), ‘labeling health warnings describ-
ing the harmful effects of tobacco in large letters with clarity for
easier reading’ (28.9%), ‘prevention of obtaining tobacco easily
(regulation of tobacco vending machines)’ (41.0%), and ‘no
smoking in public spaces such as stations or hospitals’ (65.1%).
Also, more current smokers tended to disagree with ‘no smok-
ing while walking', ‘no smoking in the office except for desig-
nated smoking areas’, ‘campaigns or e¢vents about smoking and
health by government’, ‘providing more opportunities for per-
sons wishing to quit smoking to consult and be guided freely’,
‘educating more about the relationship between tobacco and
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