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TABLE 1V — RELATIVE RISKS (RR) AND 95% CONFIDENCE INTERVALS (CI) OF LUNG CANCER RELATIVE
TO MENOPAUSAL METHOD ACCORDING TO STATUS OF HORMONE USE AMONG MENOPAUSAL
NEVER-SMOKING WOMEN'

Hormone use Natural menopause

RR (95% CI)

Induced menopause RR (95% CI)

Hormone use —

Total cases 72 11

Person-years 158,955 1.00 24,223 1.19 (0.61-2.30)
Hormone use +

Total cases 11 7

Person-years 21,442 1.19 (0.60-2.33) 6,988 2.40 (1.07-5.40)
P-value for interaction 0.34
Hormone use —

Adenocarcinoma 55 9

Person-years 158,847 1.00 24,204 1.28 (0.60-2.73)
Hormone use +

Adenocarcinoma 8 6

Person-years 21,431 1.23 (0.59-2.58) 6,978

P-value for interaction

2.71 (1.12-6.58)
0.41

! Adjusted for age, public health center (PHC) areas, passive smoking at the workplace and during childhood.

Early and long-term exposure to endogenous estrogen may con-
tribute to an elevated risk of lung cancer, as may drastic changes
in estrogen concentration due to intervention in menstruation and
exogenous estrogen use in later life. Several previous studies have
reported an increase in lung cancer risk after hysterectomy‘x’("l
and that this was highest among women whose ovaries remained
intact, suggestmg a role for estrogen concentration in the etiology
of lung cancer.® Although we did not collect data on whether the
ovaries, uterus or both were removed in the present study, given
that 75% of women with induced menopause had a history of
endometritis or myoma of the uterus, whereas 9% had ovaritis, it
is reasonable to think that most women with induced menopause
had undergone hysterectomy, at which time the ovaries are also
usually removed. Although estrogen concentration is generally
considered an etiologic factor for lung cancer among surgically
menopausal women, one US study that noted an increased risk for
hysterectomy suggested that hysterectomy may be associated,
either directly or indirectly, with venous thrombi in the pelvic
veins, which may produce multiple showers of small emboli in the
lungs, resulting in localized proliferative changes in the bronchial
epithelium.” In our study, the proportion of hormone leplacement
therapy among surgically menopausal women was twice that in
naturally menopausal women. The finding of only a slightly
increased risk for lung cancer among induced menopausal women
without hormone replacement therapy vs. a markedly elevated risk
among induced women with hormone replacement therapy
strongly suggests that risk is elevated by hormone use itself rather
than any surgery-related effect. In contrast, however, hormone
replacement therapy was not associated with an increased risk of
lung cancer among naturally menopausal women. This apparent
discrepancy might have resulted from differences in total dosages
of hormones used between surgically and naturally menopausal
women, particularly if both the daily dosage administered and
length of administration was higher in the former, as seems likely.
A second explanation may be that, with the loss of the major organ
of sex hormone receptors, the uterus, opportunities for excess
estrogens to bond with receptors in the lung might increase among
surgically menopausal women when exogenous estrogens are
used, which might in turn stimulate the epithelium of the lung to
act as a lung tumor promoter. A previous study reported that the
blood concentration of estrogen among women undergoing hyster-
ectomy without removal of the ovaries was elevated and that their
risk of lung cancer increased correspondingly.” * These data support
our second hypothesis concerning the influence of uterus resection
and imply that the lung might be an estrogen-responsive organ.

An interesting finding was a drastic and linear decrease in age
at menarche occurring over a period of only 26 years. Women
aged 65-69 at baseline (born in 1924-29) began menstruation at a
mean age of 16.0 years. In those aged 40-44 years (born in 1945~
50), in contrast, mean age had decreased to 13.6 years. This find-

ing confirms a trend identified in a previous Japanese study'” and
is the result of marked improvements in social and economic liv-
ing conditions in the last century.

The predominant use of estrogen replacement therapy later in
life and the observed increase in risk of lung cancer after induced
menopause and use of estrogen suggest a role for exogenous estro-
gens in the promotion phase of carcinogenesis. However, the high
risk for early menarche and late menopause, but not for a long
period of menstruation alone, imply that female hormones might
also be involved in the initiation stage of lung cancer. Estrogens
may influence lung cancer development, either through the direct
promotion of cell proliferation in the lung or as a result of an
effect on lung-carcinogen metabolism or the development of lung
diseases that predispose to lung cancer. Estrogens could act as pro-
moters through a receptor-mediated mechanism. The presence of
estrogen receptors (ERa and ERB) has been reported in lung
tumors'®'? and to a lesser extent in normal lung tissue.”” Lung
tumors from women are more likely to express receptors than
those from men,” and adenocarcinomas showed higher expres-
sion than squamous cell carcinomas.'® Endogenous and exoge-
nous estrogens have also been implicated as a cause of lung cancer
without receptor activation; in this case they may represent direct-
acting carcinogens, after metdbohc aCthﬁUOl’l to catechol estro-
gens, which can form DNA adducts.’

There was a marked difference between the 2 cohorts in the pro-
portion of hormone use. Hormone replacement therapy was not a
common practice in Japan until the last few decades. In Cohort II,
the proportion of women aged 4049 years with experience of
hormone use was almost 4 times that of women aged 60-69 years.
Thus, fewer women in Cohort II, who were on average older than
those in Cohort I, received hormone replacement therapy. In addi-
tion, the definition of “hormone use” differed between the 2
cohorts, partly resulting in different proportions of hormone users.
Some misclassification may thus have been inevitable, although
the results of hormone use and induced menopause relative to the
risk of total lung cancer and adenocarcinoma of the Jung showed
no substantial change when the 2 cohorts were analyzed separately
or in combination. Another limitation of our study is that no base-
line information on the type, duration of use or dosage of female
hormone use was collected and thus the association of hormone
factors with lung cancer could not be confirmed by further analy-
sis on dose-response relationships. We have no data on the per-
centage of women using hormones for the treatment of menstrual
disorders, either during or outside of menopause. Since oral con-
traceptives were rarely used in Japan when the subjects were at
reproductive age, the influence of oral contraceptives did not need
to be considered in our study. Passive smoking was moderately
associated with lung cancer risk in this subgroup (data not shown),
but “passive smoking from current family members” was not eli-
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cited in our questionnaire, and so only passive smoking in the
workplace and passive smoking from family members during
childhood were considered as covariates for adjustment. We did
not observe any interaction between passive smoking and repro-
ductive variables or hormone use. The number of lung cancer
cases was relatively low, especially after analysis was restricted to
menopausal women, making the study of relatively low statistical
power. Further studies are warranted to confirm our findings.

The observation of an increased risk of adenocarcinoma among
induced menopausal women receiving estrogen replacement ther-
apy implies that exogenous steroid hormones may play a role in
the etiology of lung cancer in women. In addition, the contribution
of endogenous estrogens, suggested by the decreased risk of lung
cancer among women with early age at menopause and late age at
menarche, provides evidence for our hypothesis that female hor-
mones may be involved in the etiology of lung cancer in women.
If these results are confirmed, specific attention should be given to
women undergoing induced menopause with hormone replace-
ment therapy, and the necessity of hormone replacement therapy
should be carefully considered.
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Dietary patterns and subsequent colorectal cancer risk by subsite:
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In order to investigaie the associations between dietary patterns
and the risk of colorectal cancer by subsite in Japan, the baseline
data from a population-based cohort study of 26,300 men and
21,812 women were analyzed. We conducted factor analysis
and identified 3 major dietary patterns, ‘‘healthy,” “traditional”
and “Western,”* and calculated the factor scores of each pattern
for individuals. During 10 years of follow-up, 370 colorectal can-
cer cases were identified. We found a positive association between
the traditional pattern and colon cancer risk in women [rate ratio
for highest quartile (RR) = 2.06: 95% CI = 1.16-3.84; p for
trend = 0.11], but not in men. This positive association was slightly
stronger for proximal colon cancer (RR = 2.07; 95% CI =
0.84-5.12) than for distal celon cancer (RR = 1.84; 95% CI =
0.75-4.50). After multivariate adjustment, the Western dietary
pattern was also positively associated with colon cancer risk in
ferales (RR = 2.21; 95% CT = 1.10-4.45), with the strongest asso-
ciations being observed for females with distal colon cancer (RR =
3.48; 95% CI = 1.25-9.65). We did not observe any significant
association between the healthy dietary pattern and colon cancer
risk. For rectal cancer, no significant associations were found for
the 3 dietary patterns. In conclusion, we found that the traditional
and the Western dietary patterns were positively associated with
colon cancer risk in females.

& 2005 Wiley-Liss, Inc.
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Initial evidence from migrant and ecologic studies suggested
that variations in colorectal cancer {(CRC) incidence rates over
time and between highly Westernized and less Westernized coun-
tries may be explained largely by changes or differences in envi-
ronment factors, mainly dietary factors.'™ A number of previous
epidexniologjc evidences have indicated that individual foods or
nutrients,® "2 such as vegetables, fruits, fiber, animal fats, red
meats, calcium, vitamin D, folate and Japanese traditional salty
foods,'? are possibly associated with the risk of colorectal cancer,
but the results to date have not been completely consistent. Most
previous epidemiologic studies have focused on individual
nutrients and/or food. Only a few studies'*'° have evaluated the
relation of overall dietary patlern to the risk of CRC. A dietary
pattern approach may provide additional insights that take into
account the combined effects of foods. People eat meals consisting
of a variety of foods with complex combinations of nulrients, not
isolated nutrients. Because of the complexity of diets, the tradi-
tional approach with a single nutrient may potentially be con-
founded by the interactions between_food components that are
likely to be interactive or synergistic. 7 The overall dietary pattern
that reflects many simultaneous dictary cxposures may be an
important complementary approach for elucidating relationships
between diet and health.

Colorectal cancer incidence rates among Japanese were rela-
tively lower than those among other developed countries, but the
mortality and incidence rates of colorectal cancer have been grad-
ually increasing in recent years.'” These chronologic variations of
CRC incidence and mortality rates in Japan could be associated
with the change in dietary habits such as Westernization of diet
lincrease of animal foods (meat) consumption and decrease of
grains simultaneously]. o

Publication of the International Union Against Cancer

- uicc

The difference in incidence of CRC b}/ subsite and gender has
been determined in previous studies,'™?** which indicate that
there are different risk factors associated with proximal (right) and
distal (left) colon carcinogenesis and with gender. Accordingly,
using factor analysis in the present investigation, we identified the
dietary patterns and evaluated the associations between dietary
patterns and colon and rectal cancer risks in a population-based
cohort study, the Japan Public Health Center (JPHC)-based pro-
spective study on cancer and cardiovascular diseases (JPHC Study
Cohort I).

Material and methods
Study cohort

The JPHC Study Cohort I is a population-based prospective
study launched in 1990. The study cohort included 54,498 resi-
dents (27,063 men and 27,435 women) from 14 administrative dis-
tricts supervised by 4 public health centers (PHCs): Ninohe PHC
area of Iwate Prefecture, Yokote PHC area of Akita, Saku PHC
areas of Nagano and Ishikawa PHC area of Okinawa. Study popu-
lation was defined to be all inhabitants in the study areas aged
40-59 years at the beginning of the study (1 Janum‘);' 1990). The
study design has been described in detail prcviously.~4 The JPHC
study was approved by the institutional review board at the
National Cancer Center.

Baseline questionnaire

The scif-administered food-frequency questionnaire (FFQ)
includes 44 food groups that were commonly consumed in this
study population. Participants indicated their average frequency of
consumption for each food group over the past month. For rice,
inquiry was made as to the number of bowls consumed per day.
The frequency of miso (fermented soybean paste) soup consump-
tion was classified into 4 categories: rarely (< 1 day/week),
1-2 days/week, 3—4 days/week and almost every day (6 or more
days/week), and the number of bowls per day was asked in the
same manner as for rice intake. The frequency of other food group
items was classified into 4 categories: rarely (< 1 day/week),
1-2 days/week, 3—4 days/week and almost every day (6 or more
days/week). For each of the 9 nonalcoholic beverage items (green
tea, Chinese tea. black tea, other teas, coffee, milk, soda, fruit
juice, vegetable juice), the intake frequency was asked using 6 cat-
egories: rarely (<0 1 day/week), 1-2 days/week, 3—4 days/week,
1-2 cups/day, 3—4 cups/day and 5 or more cups/day. Questions on
the consumption frequency of 5 alcoholic beverages (sake,
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shochu, beer, whiskey and other) covered 6 categories (almost
never, 1-3 days per month, 1-2 days per week, 3-4 days per week,
5-6 days per week, almost every day). The selected frequency cate-
gory for each item was converted to a weekly intake. In calculating
the amount of each food item and nutrients, we used the serving
size based on the observed median values from the 1428 day diet
record data.”® Nutrients values were adjusted for total energy intake
using the residual method.?® The diet record data were also used to
assess the validity of the questionnaire. The validity and reprodu-
cibility of the FFQ used in this study were reported previously.?’

In addition, participants were asked (o respond to a self-admin-
istered questionnaire on lifestyle such as sociodemographic char-
acteristics, leisure-time physical activity, medical history, use of
vitamin supplements, family history of diseases and their history
of cigarette smoking and alcohol consumption. A self-adminis-
tered questionnaire was distributed to 54,498 registered residents
(27,063 men and 27,435 women) in 1990 and was collected from
20,665 (76%) men and 22,484 (82%) women. Of 43,149 subjects
who responded to the guestionnaire, subjects with a self-reported
serious illness (cancer, ischemic heart disease, cerebrovascular
disease, chronic liver disease) at baseline, and subjects who were
not Japanese or had already moved away at baseline, were
excluded in this study after confirmation during the follow-up
period. Additionally, subjects who reported extreme total energy
intake (upper 2.5% or lower 2.5%) and subjects who reported a
past history of cancer (268 men and 598 women) were also
excluded, leaving a total of 42,112 subjects (20,300 men and
21,812 women) eligible for the analysis.

Follow-up and identification of cancer cases

We followed all registered cohort subjects from 1 January 1990
to 31 December 1999. Incident cases of cancer occurring in the
cohort have been identified through continuous surveillance of
hospital records, population-based cancer registries and death cer-
tificates. This detailed follow-up procedure was described else-
where.* Cases of colorectal cancer were extracted from the JPHC
cancer registry based on site codes [International Classification of
Diseases for Oncology, 2nd edition (1CD-0-2) code: C180-C189
(colon) and C199, C209 (rectum)}. A total of 370 cascs of colorec-
tal cancer (23] males and 139 females) were documented with
pathologically confirmed diagnoses such as adenocarcinoma,
including adenocarcinoma in situ, occurring in 1990-1999 as of
November 2000. For analyses of colon cancer by anatomic sub-
site, proximal colon cancers were defined as those occurring from
the cecum up through the splenic flexure (n = 112). Distal colon
cancers were defined as those occurring from the descending colon
up through the sigmoid colon (n = 122). The location of colon
cancers was not specified (n = 14).

Assessment of dietary patterns

Factor analysis (principal components) was conducted to derive
dietary patterns based on the 44 food groups and beverages for
men and women separately using the Factor procedure in SAS
(version 8, SAS Institute, Cary, NC). The factors were rotated by
an orthogonal transformation (Varimax rotation function in SAS)
to achieve a simpler structure with greater interpretability, We
considered components with an cigenvalue greater than 1.5, the
Scree test and the interpretability of the factors. This served to
limit the number of factors, as well as to identify more meaningful
{actors. After Varimax rotation, factor scores were saved from the
principal component analysis for each individual. All data pre-
sented here are from the Varimax rotation. These scores were used
for comparison with other lifestyle factors and to estimate associa-
tions with colorectal cancers. Factor scores were categorized into
quartiies based on the distribution of study population for men and
women separately. Retained dietary patterns were labeled on the
basis of interpretation of the nutritional implications of the data
and did not represent a priori intake patterns. When the whole
cohort was randomly divided into 2 groups, the 3 major patterns
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were similar between the 2 groups and closely resembled those for
the overall sample.

Statistical analysis

A Cox’s proportional-hazards model was used to calculated the
relative risks (RRs) for each quartile compared with the lowest
quartile of each dietary pattern score using PROC PHREG of the
SAS program (SAS Institute). In these analyses, age, body mass
index, total energy intake, education level, physical activity and
family histories of colorectal cancer were used as covariates.
Smoking habit and alcohol consumption were further added in the
multivariate models only for men. We tested for linear trends
across categories of dictary patterns by assigning each participant
the median value for the category and modeling this value as a
continuous variable. All analyses were separately conducted for
men and women. For colon cancer, subgroup analyses were per-
formed for proximal and distal colon cancer, In a separate analy-
sis, we also conducted analysis jointly classifying subjects by
major dietary pattern and age (> 50), obesity status (body mass
index > 25) and smoking status. PHC areas were also added in the
multivariate models only for the ‘“‘healthy™ and the “‘Western”’
dietary patterns, not for the ‘‘traditional”” dietary pattern, because
the associations with salted food intake were always attenuated
after adjusting for PHC area, where intakes varied significantly
between areas.

Results

The Scree plot of eigenvalues retained the 3 major patterns for
men and women separately; thus, we identified the 3 dietary pat-
terns in the final models. Factor-loading matrixes for the 3 major
dietary patterns are listed in Table 1. The larger the loading of a
given food item to the factor, the greater the contribution of that
food item to a specific factor, and a negative loading indicates
negative association with the factor. Dietary pattern 1 was heavily
loaded with vegetables, fruits, soy products, seaweeds, mushroom,
milk, beans and yogurt and was called the healthy dietary pattern.
Dietary pattern 2 was loaded with pickled vegetables, salted fish
and roe, fish, rice and miso soup for both genders with a negative
loading for bread and butter. Dietary pattern 2 was additionally
loaded with alcoholic beverages (sake, shochu and beer) for men
and was thus called the traditional dictary pattern. Dietary pattern
3 was loaded with meat, poultry, cheese, bread, butter and was
called the Western dietary pattern. Although the order of their
importance varied, and in some instances the load of specific food
items and alcoholic beverages was not equal for men and women,
the major dietary patterns identified separately for men and
women proved to be rather similar.

The baseline characteristics of both men and women according
to the quartile of dietary pattern scores are shown in Tables 1]
and III, respectively. Among both men and women, participants
with a higher healthy pattern score tended to have a higher edu-
cational level, to smoke less, to consume more vitamin A, carote~
noids, vitamin C, fiber, fat, protein and to consume less alcohol.
Participants with a higher traditional dietary pattern score were
slightly older, likely to consume more sodium, have a tamily his-
tory of colorectal cancer and a lower educational level. The tradi-
tional dietary pattern was, especially among men, positively
associated with a higher level of energy and rice intake, which is
a staple food in Japan. Men with a high traditional dietary pattern
score were miore likely to smoke and drink alcohol. Participants
with a higher Western pattern score were younger, likely to
smoke and drink and more likely to have higher fat and vitamin
A intakes.

The relative risks (RR) and 95% confidence intervals (Cls) of
each quartile of dietary patterns are shown in Table IV. After
adjustment for the potential confounders, a higher traditional diet-
ary pattern score was significantly associated with increased risk
of colon cancer in females, but not in males. The multivariate-
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TABLE 1 - FACTOR-LOADING MATRIX FOR THE 3 MAJOR DIETARY PATTERNS IDENTIFIED
USING FACTOR ANALYSIS

Male Female
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
(healthy) {traditional) (western) (healthy) (traditional) (western)

Yellow vegetables 0.63 0.65
White vegetables 0.64 0.59
Green vegetables 0.58 0.54
Fruits 0.57 0.52
Seaweed 0.56 0.59
Potatoes 0.56 0.57
Yogurt 0.46 0.49
Mushroom 0.47 0.46
Soy and soy products 0.49 0.47
Milk 0.34 0.38
Eggs 0.38 0.36
Beans 0.29 0.31 0.31
Japanese tea
Salted roe 0.64 0.61 0.35
Pickled vegetables 0.30 0.57 0.65
Dried fishes 0.32 0.57 0.60
Salted gut 0.57 0.47 0.42
Miso soup 0.43 0.50
Rice 0.42 0.5t
Fish and shellfish 0.36 0.43 0.31 0.48
Sake 0.56
Shochu 0.29
Beer 0.34 0.23
Dressing 0.26 —0.32 0.25
Bread —0.48 0.25 ~0.45 0.27
Butter —-0.40 0.40 —0.44 0.37
Mayonnaise 0.37 0.32 0.33 0.36
Cheese 0.48 -0.32 0.38
Beef 0.54 0.45
Pork 0.39 0.48
Poultry 0.40 0.23 0.45
Bacon 0.49 0.55
Liver 0.46 0.38
Soda beverages 0.35 0.42
Fruit juice 0.39 0.40
Vegetable juice (.38 0.32
Instant noodles 0.34 0.31
Cotfee 0.21 —0.31 0.26
Black tea 0.25 0.24
Noodles 0.24

Absolute values < 0.15 were not listed for simplicity.

adjusted RR for the highest quartile of the traditional dietary pat-
tern score in female was 2.06 (95% CI = 1.10-3.84) comparing
with the lowest, though the test for linear trend was nol significant.
There was no substantial difference in this posilive association
between proximal colon cancer (RR = 2.07; 95% CI = 0.84-5.12)
and distal cancer (RR = 1.84; 95% CI = 0.75-4.50). No signifi-
cant associations were observed between the traditional dietary
pattern and rectal cancer in either gender, although a higher tradi-
tional dietary pattern score was suggested to decrease the risk of
rectal cancer in male (RR = 0.62; 95% CI = 0.28-1.39).

After multivariate adjustment, the Western dietary pattern was
also positively associated with the risk of colon cancer but only in
females. The multivariate-adjusted RR for the highest quartile of
the Western dietary pattern score in female was 2.21 (95% CI =
1.10-4.45) comparing with the lowest, although the test for lincar
trend was not significant. When the upper 3 quartiles were com-
bined and compared to the lowest quintile, the Western dietary
pattern was associated with a significantly higher risk (RR = 1.98,
95%, CI = 1.11-3.52 in colon cancer; RR = 2.43, 95% Cl = 1.01-
5.91 in distal colon cancer; results not shown). The posilive asso-
ciation was slightly stronger for distal colon cancer (RR = 3.48;
95% Cl = 1.25-9.653) than for proximal cancer (RR = 1.66; 95%
Cl = 0.60-4.64). Fiber intakes (total, water-soluble, and water-
insoluble) have been reported to be inversely associated with the

risk of colorectal cancer.”® To examine whether the positive asso-
ciation for the Western dietary pattern was mediated by these
nutrients, we included fiber intakes in the multivariate model. Fur-
ther adjustment for fiber intakes did not alter this positive associa-
tion for the Western dietary pattern score of females substantially:
the RR for the comparison of the highest with the lowest quartile
was 3.60 (95% Cl = 1.29-10.1) in distal colon. No significant
associalion was observed between the Western dictary pattern and
rectal cancer in either gender.

Evaluation of dietary patterns with regard to risk of colon and
rectal cancers showed that no apparent associations were found
beiween the healthy dietary pattern and colorectal cancer risk,
although nonsignificant inverse associations were suggested to
exist in proximal colon cancer. The multivariate-adjusted RRs for
the highest versus the lowest quartile of the healthy dietary pattern
score in proximal colon cancer were 0.47 (95% Cl = 0.18-1.23)
in females and 0.68 (95% CI = 0.32-1.47) in males.

In a subgroup analyses stratified by known risk factors, the
associations between the 3 dietary patterns and risk of colon and
rectal cancers were generally consistent across different strata
according to smoking status, body mass index and age. However,
the associations with the Western dietary pattern in distal colon
cancer were slightly stronger among male smokers and among
females below age 50 years. For distal colon cancer, the multivari-
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TABLE 1I - BASELINE CHARACTERISTICS ACCORDING TO QUARTILES OF DIETARY PATTERN SCORE IN MALES

Dietary pattern

Quartile of dictary pattern score

1 (lowest) 2 3 4 (highest)
Age (years) Healthy 48.0 * 5.8’ 492 +359 409 +59 507 £5.9
Traditional 49059 491 =59 494 + 6.0 503 5.8
. Western 507 =58 495 *+59 49.0 = 6.0 487 + 59
Body mass index (kg/m*®) Healthy 24 £ 3 243 23 =3 233
Traditional 24 £ 3 23+3 233 23+ 3
Western 233 24 + 3 243 24 x3
Education (college or higher) (%) Healthy 12.6 13.9 14.8 15.8
Traditional 18.6 17.0 12.9 8.5
Western 13.1 14.6 14.6 14.8
Leisure-time physical activity (> 1 time/week; %) Healthy 15.2 16.1 18.0 20.8
Traditional 21.2 19.4 16.1 133
Western 13.6 16.9 18.3 21.3
Current smoker (%) Healthy 60.8 54.9 51.8 45.1
Traditional 44 .4 50.9 57.2 60.2
Western 48.9 539 53.7 56.3
Drinker (> 5 times/week; % Healthy 51.9 50.6 48.7 43.1
Traditional 155 36.6 61.0 81.0
Western 40.7 48.5 51.7 534
Family history of colorectal cancer (%) Healthy 0.83 1.04 0.87 1.10
Traditional 0.79 1.10 1.08 0.87
) Western 1.34 0,97 0.81 0.73
Total energy (kcal) Healthy 1,817 2,037 2,153 2,323
Traditional 1,641 1,957 2,249 2,584
Western 2,116 2,040 2,002 2,173
Nutrient intakes (energy—adjusted)z’3
Carbohydrates (g) Healthy 316 318 316 312
Traditional 325 322 313 302
Western 337 320 308 294
Fiber (g) Healthy 6.13 7.66 8.81 10.45
Traditional 7.89 8.28 8.39 8.38
Western 8.72 8.15 7.98 8.12
Protein (g) Healthy 52.0 58.1 62.3 68.2
Traditional 58.9 59.8 60.1 61.8
Western 58.5 59.2 60.0 63.2
Fart (g) Healthy 23.5 27.5 30.9 35.7
Traditional 32.0 29.4 28.3 27.7
Western 25.2 27.5 269 34.7
Alcohol (g) Healthy 52.8 40.7 34.9 28.1
Traditional 34.0 374 378 40.8
Western 349 38.6 40.1 39.9
Sodium (mg) Healthy 1,797 2,104 2,250 2,333
Traditional 1,702 2,038 2,255 2,450
Western 2,143 2,091 2,004 2,279
Vitamin A (TU) Healthy 1,155 1,775 2,674 4,493
Traditional 2,204 2,003 2,124 4,354
Western 1,384 1,798 4,449 5,358
Carotenoid (mg) Healthy 898 1.210 1,704 2,299
Traditional 1,635 1.527 1,448 1,488
Western 1,409 1,373 1,519 1,705
Vitamin C (mg) Healthy 423 58.6 71.5 89.8
Traditional 59.8 64.2 67.3 69.8
Western 65.5 624 639 70.9

"Mean * SD.

ate adjusted RRs for the highest quartile of the Western dietary
pattern compared with the lowest were 2.58 (95% CI = 0.93-
7.18) in male smokers and 4.17 (95% C1 = 1.05~16.6) in younger
females (results not shown).

Discussion

The relationship between dietary pattern and the risk of colon
and rectal cancer was examined in a population-based prospective
study of 42,112 Japanese in the JPHC study. We identified the 3
distinct dietary patterns, healthy, traditional and Western, in this
population and found that the traditional and Western dietary pat-
terns were positively associated with colon cancer risk in female,
independent of other lifestyle variables, whereas the healthy diet-
ary pattern was not associated with risk. The positive association
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~"Median, —*Energy-adjusted nutrient intake by residual method.

between the traditional dietary pattern and colon cancer risk was
more prominent among women with proximal colon cancer, while
the positive association between the Western dietary pattern and
colon cancer risk was more prominent among women with distal
colon cancer.

For the last 5 decades, the incidence and mortality rates of col-
orectal cancer have been sharply increasing in Japan, especially
those due to distal colon cancer in the urbanized areas rather than
in rural areas, but those due to proximal colon cancer have been
mostly stable.”**" Furthermore, pIOMmdl colon cancer in females
was more prevalent in rural areas than in urban areas, where distal
colon cancer was prominent.”® Secular changes and geographic

variations of the incidence and mortality rates due to colon cancer
by subsite may imply that the risk factors for right-sided (proxi-
mal) colon cancer may differ from those for lefi-sided (distal)
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TABLE HI - BASELINE CHARACTERISTICS ACCORDING TO QUARTILES OF DIETARY PATTERN SCORE IN FEMALES

Dietary pattern

Quartile of dietary pattern score

1 (lowest) 2 3 4 (highest)
Age (years) Healthy 489 * 59! 494 =58 497 + 5.8 504 59
Traditional 48.6 + 5.9 491 +59 498 =59 309 + 5.5
B Western 509 = 5.7 497 £ 58 49.1 + 59 48.8 £ 5.8
Body mass index (kg/m”) Healthy 24 =3 24£3 23+ 3 23+3
Traditional 24 = 4 233 233 24+ 3
Western 24+ 3 24 +3 24 =3 24+ 3
Education (college or higher) (%) Healthy 9.8 10.7 121 15.6
Traditional 16.5 14.0 10.4 7.3
Western 11.9 11.8 12.3 12.3
Leisure-time physical activity (> 1 time/week; %) Healthy 9.32 12.1 157 20.9
Traditional 16.8 16.5 13.9 10.8
Western 14.5 13.8 14.0 15.7
Current smoker (%) Healthy 9.1 5.0 4.9 3.8
Traditional 7.4 6.4 49 4.0
Western 3.9 5.4 6.1 7.4
Drinker (>> 5 times/week) Healthy 5.2 34 34 33
Traditional 2.6 4.4 4.1 4.2
Western 2.9 33 4.1 5.1
Family history of colorectal cancer (%) Healthy 0.73 0.86 1.03 1.14
Traditional 0.57 1.32 1.03 0.84
i Western 0.79 1.14 0.94 0.90
Total energy (kcal)” Healthy 1,175 1,309 1,394 1,525
Traditional 1,208 1,337 1,405 1,518
Western 1,256 1,309 1,367 1,544
Nutrient intakes (energy-ad justed):’3
Carbohydrates (g) Healthy 223 213 207 200
Traditional 206 209 211 214
Western 218 212 208 202
Fiber (g) Healthy 7.4 9.2 10.4 11.9
Traditional 8.8 9.8 10.2 10.3
Western 10.3 9.8 9.6 9.8
Protein (g) Healthy 46.7 52.0 553 59.3
Traditional 50.8 52.7 54.2 56.7
Western S1.5 52.4 53.6 56.8
Fat (g) Healthy 25.8 30.8 33.8 38.4
Traditional 34.1 329 32.0 30.7
Western 27.8 30.7 33.0 37.5
Alcohol (g) Healthy 10.8 6.4 5.1 4.0
Traditional 8.6 6.1 49 5.7
Western 6.3 6.7 6.6 5.7
Sodium (mg) Healthy 2,002 2,195 2,279 2,279
Traditional 1,623 2,051 2,370 2,650
Western 2,179 2,153 2,160 2,379
Vitamin A (IU) Healthy 1,605 2,250 2,868 3,523
Traditional 3,502 2,824 2,625 2,432
Western 2,225 2,399 3,179 6,680
Carotenoid (mg) Healthy 1,497 2.352 2,752 4,239
Traditional 2,537 2,592 2,573 2,519
Western 2,597 2,492 2,498 2,648
Vitamin C (mg) Healthy 74.2 99.3 117.5 1385
Traditional 91.9 109.3 1149 118.5
Western 108.3 104.4 106.3 117.8

"Mean *+ SD.—Median. —'Energy-adjusted nutrient intake by residual method.

colon cancer. It is noteworthy that there may be different risk fac-
tors in the etiology of right colon cancer in rural areas and left
colon cancer in urbanized areas in Japan. The rapid rise in CRC
incidence parallels the changes in cating habits and Westerniza-
tion of lifestyle among Japanese.'? Dietary changes over the last
several decades, especially reduced intake of carbohydrates and
salted foods, increased intake of fats and animal foods, as well as
Westernized dietary practice, were considered the major plausible
explanations for increasing ftrends in colorectal cancer in
Japan.lg‘w The present result also suggested that the recent West-
ernization of eating habits of Japanese might be associated with
the recent increase in mortality rates for distal colon cancer in
Japan. From the present findings, it was suggested that the associa-
tion of the Western dietary pattern with distal colon cancer was

more apparent especially among females below age 50 and may
reflect the change to Westernized eating habits, despite the small
number of cancers in this subgroup analysis. Thus, interpretations
should be made cautiously. Furthermore, it is important to note
that we cannat always explain the time trend of disease by a single
factor, and the findings from ecologic and cohort studies are some-
times inconsistent. Also, the results should be verified in a larger
prospective study.

Direct comparison between the present and previous findings
from the individual nutrient/food approach is difficult. Because
there are many potential differences in nutrients between dietary
patterns, this approach cannot be specific about the particular
nutrients responsible for the observed differences in disease risk
and thus it may not be very informative about any biologic rela-
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tionship between dietary components and disease risk. Neverthe-
less, our findings are consistent with the plevioug findings of asso-
ciations of single nutrients and foods 1dLnt1ﬁcd in earlier studies,
in which higher comumlpuon of red meat, & egpecially huuocz) clic
amines (HCAs),” fat,!! carbohydrates™ and salty foods'® has
been associated with an increased risk of colorectal cancer. Fur-
thermore, the dietary pattern approach is basically population-
based, and if some foods were added or excluded, dietary patterns
may be slightly changed. Thus, direct comparison even between
the findings with dietary pattern analysis is difficult. Therefore,
the results from the dietary pattern analysis should be interpreted
carefully. Nevertheless, the dietary patterns identified in the
present study were similar to those from previous studies
among Japanese and Western populations. Interestingly, these 2
patterns, i.e., healthy and Western, were quqlitatively similar to
those of the Western popuhtlon The he"tlthy pattern in the present
study was also snmlar to the “‘healthy,”””" “‘vegetable and fruit’ 2
and ‘‘prudent””'*'®3* patterns identified in other studies. The
Western pattern in our study was similar to [hose labeled “*West-
ern,”?* ““Western breakfast’” and “‘meat’”” among the Jap'mese
populatlon and the ““Western’’ pattern among the U.S. M8 and
Swedish®® populations. However, the traditional pattern was, as
expected, the distinctive dietary pattern for Japanese, which
included traditional staple foods, rice and many kinds of salted
foods, such as pickled vegetables and saited fish and roe, which
may be an indirect marker of genotoxic carcinogen exposure. The
traditional pattern in the present study was similar to the ‘‘rice/
snack’ “_pattem identified among Japanese.” In our previom
report,™ the healthy and the tmdmonal dietary patterns were sig-
nificantly associated with the risk of gastric cancer. In fact, a simi-
larity in the geographic distribution of colorectal and gastric
cancers was identified in Japan. The correlation coefficients of
age-adjusted mortality rate of colorectal and gastric cancer within
47 prefectures of Japan in 1995 were 0.43 in men and 0.33 in
women (unpublished data).

To the best of our knowledge. only 3 previous epidemiologic
studies have examined the associations between dietary pattun
and CRC risk. In a case-control study in the of United States'* and
a prospective study of U.S. women, © the risk of colon cancer was
positively associated with the Western dietary pattern and nega-
tively associated with a “*prudent’” pattern. Even though our study
population and their dietary characteristics were different from the
previous findings in the U.S. population, the positive association
between the Western dietary pattern and colon cancer risk is con-
sistent with what was observed in previous studies of the Western
dietary pattern. However, in a prospective study of Swedish
women, > there was no clear association between a Western,
healthy, or drinker dietary pattern and CRC risk. However, these 2
previous cohort studies were limited only to women subjects.
Although the healthy dietary pattern has been hypothesized to be
associated with lower risk of colorectal cancer through the dletal y
antioxidant effects of B-carotene, vitamin C and vitamin ES it was
not significantly associated with the risk of CRC in the present
study.

This observed result gives support to a unifying hypothesis
that diet and associated factors, such as physical activity and
body size, increase the risk of colorectal cancer via their effects
on serum insulin comenhatsom and on the bioavailability of
insulin-like growth factor- 1397 As for the most important
among the environmental factors influencing the CRC risk, diets
that are high in meat, saturated fats, refined carbohydrates and
processed foods and low in vegetables, fruits and fiber hd\/
nearly all been associated with an increased risk of CRC. 9.23.37
Diets high in carbohydrate, especially the digestible nonfiber
portion of carbohydrates, may lead to a chronic state of elevated
insulin and stimulate growth of colorectal tumors,™ although an
excessive carbohydrate intake might not be linked with hyperin-
sulinemia in a healthy young subject. In addition, high carbohy-

KIM ET AL.

drate consumption is closely linked to salty food consumption
in Japan, as shown in the present study. A high consumption of
salted fish, shellfish and vegetables has been reported to be
associated with the increased risk of CRC.'* ¥ The mecha-
nism, however, is unclear, and there is no evidence that
nitrosamines contained in salt-preserved foods are involved in
the development of colon cancer in humans. Nevertheless,
N-nitrosamine has shown mutagenicity and carcinogenicity in
laboratory animals.*®

In the present study, we could not obtain consistent findings
for dietary risk factors between male and female, although they
were claimed to be risk or protective factors in Western popula-
tions, Given the male-female differences in incidence by sub-
site,” it is likely that one or more risk factors might also exhibit
differences such as thosc observed in this study. It was reported
in a previous study®® that response to the dietary quesuonnalrc
might be more precise and reliable in females than in males,
because females in Japan generally prepare the meals and are
more conscious of diet and foods. However, in our previous
study, there was no gender difference in the validity of a self-
administered food frequency questlonmne in comparison with
28- or l4-day dietary records.” The differential associations with
the dietary pattern in men and women may be partially explained
by the fact that other lifestyle factors, such as percentage of
smokers and habitual drinkers, were substantially different within
each dietary pattern between genders. The role of cigarette smok-
ing and alcohol drinking may be strongly associated with the risk
among men.

The observed site-specific differences in risk between the gen-
ders, however, suggest possible differences in etiology for proxi-
mal and distal colon cancers that are consistent with women’s
higher incidence of proximal colon tumors and adenomas, >
Distinct epidemiologic and clinicopathologic characteristics of
CRCs based on their anatomical location suggest different risk
factors and pathways of transformation associated with proximal
and distal colon carcinogenesis. These differences may reflect dis-
tinct biologic characteristics of proximal and distal colonic
mucosa, acquired in embryonic or postnatal development, that
determine a dlffeumla] response to uniformly distributed environ-
mental factors.’

It is important to note that dietary patterns are associated with
health behaviors, lifestyle and sociodemographic factors. % As
shown in Tables II and 11, major dietary patterns were associated
with demographic factors and lifestyle habits. Therefore, we can-
not exclude the possibility that not only dietary factors defined as
dietary patterns, but also their related demographic and lifestyle
factors, may atfect the CRC risk, even though the related lifestyle
variables were considered as potential confounders in the multi-
variate model.

This cohort study has been conducted in a large sample of men
and women from the general Japanese population. One of its
strengths is the high rate of participation and the completeness of
follow-up, indicating that selection bias due to loss of follow-up is
highly unlikely. Another strength of the prospective design is that
the diet was measured before the disease was diagnosed, which
diminishes the probability of recall bias of dietary intake. We have
also controlled extensively for potential confounders. However, it
is likely that unmeasured or unidentified risk factors may have
affected the study results.

The present study had several limitations. Although our ques-
tionnaire requested detailed information regarding consumption of
food and food groups, it was a short version that included only 44
food items. The number of total cohort subjects was not small, yet
there were few cancer cases, particularly in the subgroup analysis.
Accordingly, the risk estimates may be moderately imprecise, and
more attention is needed to interpret the findings of the subgroup
analysis.
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In conclusion, the major dietary patterns of Japanese were iden-
tified using factor analysis, and the present findings indicated that
the traditional and the Western dietary patiern were positively
associated with colon cancer risk in females.
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Influence of Coffee Drinking on Subsequent Risk of
Hepatocellular Carcinoma: A Prospective Study in Japan

Manami Inoue, Itsuro Yoshimi, Tomotaka Sobue, Shoichiro Tsugane

For the JPHC Study Group

Background: An association between coffee drinking and
reduced risk of liver cancer has been suggested by animal
studies, but epidemiologic evidence of such an association in
a high-risk population is lacking. We conducted a large-scale
population-based cohort study of the association between
coffee drinking and hepatocellular carcinoma (HCC) in a
Japanese population. Methods: Newly diagnosed case patients
(250 men and 84 women) with HCC were identified from a
10-year follow-up of the Japan Public Health Center-based
Prospective Study, which consists of 90 452 middle-aged and
elderly Japanese subjects (43 109 men and 47 343 women).
Case patients were grouped according to coffee intake and
were stratified by hepatitis virus infection, sex, age, diet,
lifestyle factors, and previous history of liver disease.
Multivariable-adjusted hazard ratios (HHR) and 95% confi-
dence intervals (CIs) for HCC were calculated with Cox
proportional-hazards modeling. All statistical tests were two-
sided. Results: Subjects (men and women combined) who
consumed coffee on a daily or almost daily basis had a lower
HCC risk than those who almost never drank coffee (HR =
0.49 [95% CI = 0.36 to 0.66]); risk decreased with the amount
of coffee consumed (compared with nondrinkers, the HR for
1-2 cups per day = 0.52 [95% CI=0.38 to 0.73]; for 3—4 cups
per day = 0.48 [95% CI = 0.28 to 0.83]; for =5 cups per day =
0.24 [95% CI = 0.08 to 0.77], Py .nq < -001). The risk of liver
cancer in almost never drinkers in this population was 547.2
cases per 100 000 people over 10 years, but it was 214.6 cases
per 100000 people with drinking coffee on a daily basis. The
inverse association persisted when the participants were strati-
fied by lifestyle factors. Similar asseciations were observed
when the analysis was restricted to hepatitis C virus-positive
patients (all daily drinkers compared with nondrinkers: HR =
0.57 [95% CI = 0.37 to 0.86]), to hepatitis B virus-positive
patients (HR = 0.60 [95% CI = 0.31 to 1.18]) and to subjects
with no past history of chronic liver disease (HR = 0.45 [95%
CI = 0.30 to 0.67]). Conclusions: In the Japanese population,
habitual ceffee drinking may be associated with reduced risk
of HCC. [J Natl Cancer Inst 2005;97:293-300]

Hepatocellular carcinoma (HCC) is one of the most common
cancers in the world and is characterized by international
variation in its distribution (7); these variations are related to the
distribution of hepatitis C virus (HCV) and hepatitis B virus
(HBV) infection. Chronic infection with HCV or HBV has been
established as a major risk factor for HCC (2). Other possible risk
factors for HCC have been identified, but only a few factors, such
as excess alcohol consumption, which leads to liver cirrhosis, and
food contamination with aflatoxin, have been recognized as im-
portant; other modifiable factors have yet to be established (3).
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Coffee is consumed in many parts of the world, and a wide
variety of drinking habits has been documented (4). Coffee drink-
ing was introduced to Japan 200 years ago, and coffee has since
become a popular beverage. Japanese individuals reportedly
drink an average 10 cups of coffee per week, 63% of which is
consumed at home. Instant coffee and regular roasted coffee are
the major types of coffee consumed in Japan (5). The potential
beneficial health effects of coffee consumption have been recog-
nized for years; coffee is known to contain a high level of anti-
cancer compounds, such as chlorogenic acids, and animal
experiments have demonstrated an inhibitory effect of coffee on
liver carcinogenesis (6). Epidemiologic investigation of the
association between coffee drinking and HCC, however, has
been limited to several case~control studies targeting high-risk
populations in Southern Europe (7-9), in which an inverse
association between coffee drinking and HCC was observed.
However, prospective analyses and reports on other high-risk
populations, such as Asian populations, are lacking.

Liver cancer is one of the major forms of cancer in Japan.
HCC accounts for 90% of all cases of liver cancer diagnosed in
Japan, and persistent HCV or HBV infections have been identi-
fied as causative factors in 80 and 10% of all Japanese liver
cancer patients, respectively (/0). HCV infection in Japan is
thought to have originated at the end of the 19th century, and it
became widely disseminated in the 1930s and 1940s (1/). HCC
prevention among HCV carriers has recently been improved to
some degree as a result of interferon therapy (/2). However, from
a public health point of view, environmental risk modifiers for
the development of HCC that are effective in all patients, even
those with hepatitis virus, must be explored.

Epidemiologic studies on Japanese immigrants in Brazil have
shown a drastic decrease in the rates of mortality from liver cancer
(13) and chronic liver disease (74), without apparent change in the
prevalence of HBV infection (/3). These reports suggest that
changes in the environmental factors of the host country may act
to prevent chronic liver disease and liver cancer; the introduction
of coffee-drinking habits after immigration is one conceivable
candidate. In the present study, we attempted to determine whether
an association between coffee drinking and HCC exists in the
Japanese population by carrying out a prospective analysis of data
from a large-scale population-based cohort study in Japan.
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SuBJECTS AND METHODS

Study Population

The Japan Public Health Center-based Prospective Study
(JPHC Study) was launched in 1990 when Cohort I was
established. Cohort II was added in 1993. Cohort I included five
prefectural public health center areas: Ninohe (Iwate Prefecture),
Yokote (Akita Prefecture), Saku (Nagano Prefecture), Chubu
(Okinawa Prefecture), and Katsushika (metropolitan Tokyo),
and cohort II included six prefectural public health center areas:
Mito (Ibaraki Prefecture), Kashiwazaki (Nigata Prefecture),
Chuohigashi (Kochi Prefecture), Kamigoto (Nagasaki Pre-
fecture), Miyako (Okinawa Prefecture), and Suita (Osaka Pre-
fecture). The details of the study design have been described
elsewhere (15). The study protocol was approved by the institu-
tional review board of the National Cancer Center, Tokyo, Japan.
The Katsushika and Suita public health center areas were
excluded from the analysis because different definitions of the
study population were used in these areas. Only people 40 and 50
years of age at baseline were invited to participate in these two
areas, which may have limited the generalizability.

The study population was defined as all registered Japanese
inhabitants in the nine public health center areas, who were
between the ages of 40 and 59 years (Cohort I) and between the
ages of 40 and 69 years (Cohort IT) at the beginning of each base-
line survey. The Japanese inhabitants were identified using popu-
lation registries maintained by local municipalities. A total of 116
896 subjects were initially identified. During the follow-up
period, 210 subjects were found to be ineligible for the study and
were excluded because of non-Japanese nationality (n = 51), late
reports of emigration occurring before the start of the follow-up
period (n = 156), and ineligibility because of an incorrect birth
date (n = 3). As a result, a population-based cohort of 116 686
subjects (57 583 men and 59 103 women) was established.

A baseline self-administered questionnaire on various lifestyle
factors was given to participants in 1990 (Cohort I) and in 1993
and 1994 (Cohort II). A total of 95 376 subjects responded to the
questionnaire, for a response rate of 82%. The questionnaire
contained items on demographic characteristics; medical history
(including a specific question on cirrhosis and hepatitis); family
history; smoking and alcohol-, tea-, and coffee-drinking habits;
dietary habits; other lifestyle factors, such as physical activity,
bathing, and sleeping habits; bowel habits; and personality. Infor-
mation on coffee drinking was obtained in terms of frequency
and amount of coffee intake and divided into the following
categories: almost never, 1-2 days per week, 3-4 days per week,
and almost daily (further divided into 1-2 cups/day, 3—4 cups per
day, or >5 cups per day). The type of coffee consumed (decaf-
feinated or caffeinated) was not included in the questionnaire.
However, decaffeinated coffee is rarely consumed in Japan.

Subjects were followed from the date of the baseline survey
through December 31, 2001. Residence status and survival were
confirmed annually using the residential registers kept by each
municipality in each of the study areas or, for those who had
moved out of the study area, through the municipal office of the
area to which they had moved. Inspection of the resident register
is open to the general public under the resident registration law.
In Japan, residency and death registration is required by law, and
the registries are believed to be complete. Information on the
cause of death was obtained by examining the death certificate

294 ARTICLES

provided by the Ministry of Health, Labor, and Welfare after the
Ministry of Internal Affairs and Communications granted
permission. Among the study subjects, 4890 died, 5211 moved
out of the study area, and 47 were lost to follow-up during the
follow-up period.

The occurrence of cancer was identified by active patient
notification by the local major hospitals in the study area and data
linkage with the population-based cancer registries with permis-
sion from each of the local governments responsible for the
cancer registries. Death certificate information was used as a
supplementary information source. The site and histology of each
cancer were coded using the International Classification of Dis-
eases for Oncology, Third Edition (ICD-0O-3) (16). In the cancer
registry system used in this study, the proportion of patients with
incident cancers who first came to the attention of the cancer reg-
istry via a death certificate (death certificate notifications, or
DCNs) was 8.5%, and the proportion of case patients for which
information regarding cancer diagnosis was available only from
death certificates (death certificate only, DCO) was 2.3% during
the study period. These resuits were considered to be of adequate
quality and completeness for the present study. Among the 361
incident liver cancers identified (ICD-O-3: C22), a total of 334
cases of newly diagnosed HCC (ICD-0O-3: C22.0, 817) were
identified as of December 31, 2001, after excluding 27 cases
(7.5%) of liver cholangiocarcinoma (ICD-O-3: C22.1, 816).
Information on hepatitis virus infection status of the case patients
was obtained from the medical institutions where the case patients
had been diagnosed if infection markers, such as antibodies to
HCV (anti-HCV) or hepatitis B surface antigen (HbsAg), had
been detected. In the present study, case patients who had been
identified with anti-HCV antibodies were considered to be HCV
positive, and those identified with HbsAg were considered to be
HBV positive. Subjects with a present or past history of self-
reported serious illness at baseline (cancer, cardiovascular disease,
or myocardial infarction) were excluded from the analysis (n =
3799). After exclusion of 1125 subjects for whom the information
on coffee intake was incomplete, 90 452 subjects, including 334
incident HCC case patients, were used in the analysis.

The person-years of follow-up were counted from the baseline
survey until the date of HCC diagnosis, migration out of the
study area, death, or the end of the study period (December 31,
2001), whichever came first. Persons lost to follow-up were
censored on the last confirmed date of their presence in the study
area.

Statistical Analysis

Outcome was defined as the new development of a primary
HCC during the study period. Hazard ratios (HR) and their 95%
confidence intervals (95% CI) were calculated using Cox
proportional-hazards models and were used to describe the rela-
tive risks of HCC that were associated with the coffee-drinking
categories at baseline. Differences in characteristics between cat-
egories of coffee intake were evaluated by analysis of variance
and chi-square test for homogeneity. Models were adjusted for
potential confounding factors, including age at baseline (3-year
age categories), study area (nine public health center areas), and
in additional analysis, smoking status (never, former, current),
ethanol intake (non- and ex-drinkers, less than weekly, weekly or
more [<150 g per week or 2150 g per week]), green vegetable
intake (<3 times per week, 3—4 times per week, everyday) and
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green tea intake (none, less than daily, daily) were also included.
These variables are either known or suspected risk factors for
cancer or had previously been found to be associated with the
risk of liver cancer. Tests for linear trend in risk of HCC were
assessed by assigning ordinal exposure variables as continuous
terms. The HR were estimated both for men and women com-
bined and for men and women separately. Stratified analyses
were conducted to evaluate whether the association between cof-
fee drinking and the risk of HCC varied with age, smoking status,
weekly ethanol intake, green vegetable intake, green tea drink-
ing, and past or present history of chronic liver disease. Interac-
tion terms were generated by multiplying ordinal exposure
variables by ordinal coffee-drinking categories. Because no sta-
tistically significant effect modifications were found between sex
and coffee drinking (P, raction = -81), men and women were
combined in the stratified analyses. Stata software (version 8.0)
(17) was used to perform the statistical analyses. All statistical
tests were two-sided.

REesuLts

During 874 551 person-years of follow-up (average follow-up
period: 9.7 years) of 90 452 subjects (43 109 men and 47 343
women), a total of 334 participants were newly diagnosed with
HCC (250 men and 84 women). Information on the hepatitis virus
infection status of the patients was available for 259 (77.5%) of the
case patients. Among these 259 case patients, 164 (63.3%) were
HCV positive and 60 (23.2%) were HBV positive (Table 1).

The baseline characteristics of the study subjects according to
coffee consumption are shown in Table 2. Coffee was consumed
almost every day by 37.1% of the subjects in the study. No sub-
stantial difference in the distribution of coffee intake frequency
was observed between men and women. The proportion of cur-
rent smokers increased as coffee intake increased in both sexes.
However, alcohol intake increased in women and decreased in
men as coffee intake increased. Frequent green vegetable intake
and daily green tea drinking decreased in both sexes with
increased coffee drinking. The proportion of subjects with a self-
reported present/past history of chronic hepatitis and/or cirrhosis
among the study subjects overall was 0.3%—3% across the coffee
intake categories.

Table 1. Status of hepatitis virus infection among incident cases of hepatocellular
carcinoma (HCC)*

Total Men Women
Characteristic N (%) N (%) N (%)
Total 334 250 84
Case patients with 259 (77.5)% 194 (77.6)t 65 (77.4)t
information on hepatitis
virus infection
HCV+ 164 (63.3)% 119 (61.3)1 45(69.2)1
HBV+ 60 (23.2)1 42 (21.6)% 18 (27.7)i
Both HCV and HBV- 43 (16.6)f 39 (20.h)t 4(6.1)%
HCV+, HBV~ 156 (60.2)1 113 (58.2)% 43 (66.2)}
HBV+, HCV— 52 (20.D)i 36 (18.6)f 16 (24.6)1
Both HCV and HBV+ 8 (3.0t 6 (3.1 2 (3.0t

*Data are based on 334 newly diagnosed case patients with HCC among
90 452 Japanese men and women aged 40-69 years at baseline followed up for
10 years (JPHC Study).

tPercentage of total.

IPercentage among case patients with information on hepatitis.

Journal of the National Cancer Institute, Vol. 97, No. 4, February 16, 2005

112

The minimally adjusted and multivariable HR for the subse-
quent occurrence of HCC according to baseline coffee-drinking
categories are presented in Table 3. Coffee drinking was associ-
ated with a statistically significantly lower risk for HCC. Subjects
who drank coffee almost every day had a 51% lower HCC risk
than those who almost never drank (HR = 0.49, 95% CI =0.36 to
0.66), and the risk was inversely proportional to coffee intake
(for 1-2 cups per day compared with no coffee intake, HR = 0.52;
for 3—4 cups per day, HR = 0.48; for >5 cups per day, HR = 0.24;
Pireng<-001). The risk of liver cancer in almost never drinkers in
this population over 10 years of follow-up was 547.2 cases per
100000 people. In contrast, the risk with drinking coffee almost
everyday dropped to 214.6 cases per 100000 people over the
same follow-up time, 227.3 with drinking 1-2 cups per day,
205.0 with 34 cups per day, and 120.7 with >5 cups per day,
respectively. Similar results were also observed in separate anal-
yses by sex. Furthermore, when patients were analyzed accord-
ing to hepatitis virus infection status, an inverse association
between coffee drinking and HCC risk was observed for those
who were HCV positive; however, the trend was not statistically
significant for those who were HBV positive.

The inverse association between HCC risk and coffee intake
persisted when participants were stratified by age, smoking status,
ethanol intake, green vegetable intake, and green tea drinking
(Table 4). Thus, the inverse association between coffee drinking
and HCC risk is independent of these lifestyle factors. An inverse
but weaker association was also observed in analyses of partici-
pants stratified by history of chronic hepatitis or cirrhosis.

We explored other possible confounders that could explain
the observed association between coffee drinking and HCC,
because coffee drinking is associated with many other factors.
Socioeconomic status could not be assessed because of a lack
of information in the questionnaire. Among the dietary factors
that were examined, bread intake was positively associated with
coffee drinking. However, no association was found between
bread intake and HCC, and the results remained essentially
unchanged when bread intake was included in the model (data
not shown).

Discussion

In this prospective analysis of a large-scale population-based
cohort study in Japan, a statistically significant inverse associa-
tion between coffee drinking and HCC was observed. The results
from the present study are consistent with but more pronounced
than those of previous studies (7-9). The risk of liver cancer in
almost never drinkers in this population was 547.2 cases per
100000 people over 10 years, but it was 214.6 cases per 100000
people with drinking coffee on a daily basis.

The strength of the present study is its population-based pro-
spective design with low proportion of losses to follow-up. None-
theless, there are some obvious limitations, such as the assessment
of coffee intake solely on the basis of the self-report at a single
time point and lack of determination of hepatitis virus infection
status at baseline for the entire population and at follow-up for
22% of the case patients.

Information on coffee intake was collected before subse-
quent diagnoses of cancer, thereby avoiding the exposure recall
bias that is inherent to case—control studies. Study subjects were
selected from the general population, and the response rate of
82% to the baseline questionnaire is acceptable for such a study
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Table 2. Baseline characteristics of the study subjects according to coffee intake*

Coffee intake

Almost everyday
Category Almost never 1-2 daysiweek  3-4 days/week 1-2 cups/day  3-4 cups/day =5 cups/day  Pgygrerencel
Total (n= 90 452)
No. of subjects 29423 17 159 10316 23753 7316 2485
Proportion, % 325 19.0 11.4 26.3 8.1 2.7
Age, years = SD 54377 52,7+ 7.7 512477 502+7.6 47.9+7.0 48.6+7.3 <.001
Person-years 285 446 166 876 101 215 228 995 68 733 23 286
Smoking status Current smokers, % 22.7 252 28.6 29.1 444 55.4 <.001
Ethanol intake Weekly or more, % 36.7 373 399 37.5 41.7 39.6 <,001
Green vegetable intake >3 times/week, % 65.1 63.3 65.4 63.4 58.0 56.4 <.001
Green tea drinking Everyday, % 76.1 71.5 73.6 74.5 68.2 65.8 <.001
Present/past history of chronic hepatitis/cirrhosis, % 2.1 14 1.1 1.1 1.2 1.3 <.001
Men (n =43 109)
No. of subjects 13 584 8096 5162 10718 4033 1516
Proportion, % 31.5 18.8 12.0 24.9 9.3 3.5
Age,y+SD 53.5+7.7 524+17.7 51.2+£7.7 50575 48.4+7.2 488+ 7.4 <.001
Person-years 130225 77913 50133 101 211 37309 14 009
Smoking status Current smokers, % 44.1 49.0 52.7 56.5 69.7 76.4 <.001
Ethanol intake Weekly or more, % 69.9 69.1 69.4 67.9 62.6 554 <,001
Green vegetable intake > 3 times/week, % 60.6 57.8 60.8 57.6 52.7 523 <.001
Green tea drinking Everyday, % 75.4 76.1 72.8 74.5 69.9 65.2 <.001
Present/past history of chronic hepatitis/cirrhosis, % 3.0 2.1 1.7 1.7 1.7 1.9 <001
Women (n =47 343)
No. of subjects 15 839 9063 5154 13035 3283 969
Proportion, % 33.5 19.1 10.9 27.5 6.9 2.1
Age, years + SD 55.0+7.7 529477 51377 499+175 473+£6.6 483+7.2 <.001
Person-years 155221 88 963 51 082 127 784 31424 9277
Smoking status Current smokers, % 4.3 4.0 4.4 6.5 13.2 22.6 <001
Ethanol intake Weekly or more, % 8.6 9.4 10.8 12.7 16.0 15.1 <.001
Green vegetable intake >3 times/week, % 68.9 68.2 70.0 68.2 64.5 62.8 <.001
Green tea drinking Everyday, % 76.8 78.8 74.4 74.5 66.2 66.6 <.001
Present/past history of chronic hepatitis/cirrhosis, % 1.3 0.9 0.5 0.7 0.5 0.3 <.001

*Data are based on 90 452 Japanese men and women aged 40-69 years at baseline followed up for 10 years (JPHC Study).

TP difference
SD = standard deviation.

setting. The proportion of losses to follow-up (0.05%) was neg-
ligible during the study period. However, because self-reported
information on coffee intake was used in the present study,
some misclassification may have been unavoidable. Also,
changes in coffee intake that arose from symptoms related to a
subsequent diagnosis of HCC after the start of the study may
have resulted in some misclassification. Such misclassification,
if any, is probably nondifferential and would lead to an under-
estimation of the results. Although the quality of the cancer reg-
istry system was satisfactory over the study period, some
variations in quality between the study areas occurred. The
study areas used in the analysis were adjusted to control for
geographic variation. The quality of the registry system was not
affected by the coffee intake status; therefore, possible misclas-
sification of cancer occurrence by an underreporting of cancer
diagnosis would be nondifferential and would also bias the
results toward the null.

The inverse association between coffee drinking and HCC has
been investigated from various aspects. Coffee contains large
amounts of antioxidants, including chlorogenic acid, and several
animal studies have shown that such coffee compounds have a
direct inhibitory effect or a lack of carcinogenic potential in the
liver (6,18). Caffeine is another major ingredient of coffee (5). In
this study, the type of coffee consumed was not classified as
either decaffeinated or caffeinated because this information was
not included in the questionnaire. However, decaffeinated coffee
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values of characteristics between categories of coffee intake (two-sided) were calculated by analysis of variance and chi-square test for homogeneity.

is rarely consumed in Japan. Thus, based on the limited informa-
tion in our population, we cannot determine whether the inverse
association with coffee is mainly attributable to caffeine. Green
tea is another major source of caffeine intake in the Japanese
population. However, in additional analyses using the same data
set, no association between green tea intake and the risk of HCC
was observed (data not shown). Green tea contains large amounts
of antioxidant catechins. The differences in the antioxidant com-
ponents of coffec and tea may explain the different associations
of these beverages with liver cancer. One study comparing the
antioxidant activity of coffee and tea indicated that, on a per-cup
basis, soluble coffee has higher antioxidant activity than green
tea (19). Other unidentified substances in coffee may also be
responsible for the observed association between coffee drinking
and the risk of HCC. In any case, site specificity of the effect of
coffee is another important issue that must be solved.

Coffee-drinking habits were associated with habitual tobacco
smoking and alcohol drinking in our study population. However,
the association between coffee intake and subsequent risk of
HCC persisted even after adjustment for smoking and alcohol
intake. Also, separate analyses performed according to smoking
and alcohol drinking status showed a similar reduced risk, with-
out substantial effect modification by coffee drinking.

Several studies have described an inverse association between
coffee drinking and liver cirrhosis (20-22). Because liver cirrhosis
is strongly associated with primary liver cancer (23), it is possible
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that the observed association between coffee drinking and HCC
actually represents an association with liver cirrhosis. In addition,
an inverse association between coffee and alcoholic but not non-
alcoholic cirrhosis has been reported (18), and other cross-sec-
tional observations have suggested an inhibitory effect of coffee
on the alcohol-related increase in serum liver enzymes, such as
aminotransferase and gamma-glutamyltransferase (24-26). How-
ever, because a previous study found that caffeine metabolism
was impaired in fasting subjects with liver cirrhosis, subjects with
chronic liver disease may have reduced their coffee consumption
to avoid the side effects of caffeine (27), and that may have led to
a superficial decrease in HCC risk by coffee drinking. One limita-
tion of the present study is that we determined whether the subjects
with chronic liver disease who did not drink coffee at baseline had
quit drinking coffee after their chronic liver disease emerged.
However, because a recent case—control study reported a strong
association between coffee drinking and HCC among patients
with HCV-associated chronic liver disease (28), it is still possible
to speculate that coffee drinking reduces the risk of HCC even
after acquisition of a chronic liver disease. In any case, potential
targets of coffee, HCC, liver cirrhosis, or both conditions, and
whether a restriction to alcohol-related conditions exists, remain
to be determined in future studies.

In addition, the lower risk associated with coffee intake among
HCC case patients with HCV infections was somewhat stronger
than that for HCC case patients with HBV infections, although
these observations are not sufficient to confirm viral specificity
for the association with coffee on the carcinogenesis of HCC.
During hepatocarcinogenesis, direct integration of the viral
sequence into the host genome is thought to substantially increase
genomic instability in HBV-associated HCC, whereas the reac-
tion of the host immune system against virus-infected cells is
more important to the development of HCV-associated HCC
(29). Furthermore, it is also possible that the difference in the
association according to virus infection status is attributed to dif-
ferences between HBV-induced hepatocarcinogenesis and HCV-
induced hepatocarcinogenesis. In this study, the virus infection
status at baseline was not determined for the entire population,
thus preventing clarification of a relationship between coffee
drinking and HCC risk among subjects who are positive for each
virus infection. Moreover, information on the virus infection sta-
tus was not available for 22% of the case patients; most of the
missing information resulted from the deletion of stored medical
records after expiration of their holding period. Although a previ-
ous study analyzed the effect of coffee on the risk of HCC accord-
ing to the hepatitis status of the subjects and reported a lower risk
in those who drank coffee frequently than in those who drank it
infrequently among both hepatitis-positive and -negative subjects
(9), risk differences according to the type of hepatitis virus
infection have not been determined.

The present cohort analysis confirmed a statistically signifi-
cant inverse association between habitual coffee drinking and
HCC (that was not due to any confounders we analyzed). Further
studies are warranted to assess whether the present results can be
generalized to or are representative of other populations.
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In Japan, both alcohol consumption and the proportion of heavy
drinkers have been increasing for decades (The Editorial Board of
the Cancer Statistics in Japan, 2003), and alcohol drinking has been
recognised as an important and preventable public health problem.
A quantitative estimation of the effects of alcohol drinking in a
target population, with regard to not only specific cancers but also
total cancers, is important in formulating public health policies.
However, evidence of the association between alcohol and total
cancer risk mainly concerns Western populations and cancer
mortality (Blackwelder et al, 1980; Blot, 1992; Doll et al, 1994;
Fuchs et al, 1995; Camargo et al, 1997; Renaud et al, 1998;
Berberian et al, 1994; Gaziano et al, 2000; Bagnardi et al, 2001;
Theobald et al, 2001). Little has been reported for Japanese or
other ethnic groups (Kono et al, 1986; Yuan et al, 1997, Tsugane
et al, 1999).

As the epidemiological background, types of beverage regularly
consumed and genetic polymorphisms for alcohol-related enzymes
in these ethnic groups differ from those in Western populations,
we have conducted a cohort analysis of the question using a large-
scale population-based prospective study with a 10-year follow-up
period.
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2Study group members are listed in the Appendix at the end of this
article
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We conducted a cohort study of alcohol consumption and total cancer incidence and mortality in 73281 subjects (35007 men and
38274 women) aged 4059 years old at baseline over a 0-year follow-up period. During 1990—2001, a total of 3403 cases of
newly diagnosed cancer and 1208 cancer deaths were identified. In men, the lowest risk of developing cancer was observed among
occasional drinkers, and a linear positive association with increased ethanol intake was noted (hazard ratio 1.18 for |—149¢g per
week, .17 for 150-299 ¢ per week, 1.43 for 300—-449 g per week, .61 for =450g per week, P for trend <0.001). The positive
relation was similar for cancer incidence and mortality, but was more striking among current smokers and alcohol-related cancers.
Relatively few women were regular drinkers. Our results suggest that increased ethanol intake linearly elevates the risk of cancer, and
that nearly 13% of cancers among males in this study were due to heavy drinking (>300¢g per week of ethanol), to which smoking
substantially contributed. The simultaneous reduction of smoking is therefore important for reducing the effect of alcohol on cancer
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METHODS

Study population and baseline survey

The Japan Public Health Center-based prospective Study (JPHC
Study) was launched in 1990 for Cohort I and in 1993 for Cohort II.
Cohort I covered five prefectural public health center (PHC) areas
and Cohort 1T covered six PHC areas. The details of the study
design have been described elsewhere (Tsugane and Sobue, 2001).
The study protocol was approved by the institutional review board
of the National Cancer Center, Japan. In the present analysis, two
PHC areas were excluded since different definitions of the study
population had been applied.

The study population was defined as all registered Japanese
inhabitants in the nine PHC areas aged 40-59 years at the start of
each baseline survey. Initially, 96 616 subjects were identified but
after excluding 178 subjects with non-Japanese nationality
(n=45), late reports of emigration occurring before the start of
the follow-up period (n =131), and incorrect birth date (n=2), a
population-based cohort of 96 438 subjects (48 240 men and 48 198
women) was established.

A baseline self-administered questionnaire survey on various
lifestyle factors was conducted in 1990 for Cohort I and in 1993~
1994 for Cohort II, with a response rate of 81%. After excluding
subjects with a self-reported serious illness (cancer, cerebrovas-
cular disease, myocardial infarction, or chronic liver disease) and
those without details of alcohol status, 73 281 subjects (35 007 men
and 38274 women) remained for analysis.

Information on alcohol intake was obtained in terms of
frequency and the amount using validated questions (Otani et al,



