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Short Communication

No association between fruit or vegetable consumption and the

risk of colorectal cancer in Japan

Y Tsubono™', T Otani?, M Ko\bayashiz, § Yamamoto®, T Sobue® and § Tsugane? for the JPHC Study Group®

'Division of Health Policy, Tohoku University School of Public Policy, Kawauchi, Sendai 980-8576, Japan; *Epidemiology and Prevention Division, Resedrch
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for Cancer Prevention and Screening, National Cancer Center, Tokyo |04-0045, Japan

In a pooled analysis of two prospective studies with 88 658 Japanese men and women, fruit and vegetable consumptions, were not
associated with a lower risk of colorectal cancer (705 cases); muttivariate relative risk (95% confidence interval) for the highest vs the
lowest quartile of intake being 0.92 (0.70—1.19) and 1.00 (0.79—1.27), respectively.
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Although fruit and vegetables have been suggested to confer
protection against colorectal cancer, recent prospective studies in
Western populations found no or limited associations (Michels
et al, 2000; Voorrips et al, 2000). In Japan, mortality from
colorectal cancer increased during 1950 -2000, especially in men
(age-adjusted rate per 100000 of 2.9~14.4 for colon and 5.6-9.3
for rectum in men; 3.3-9.5 for colon and 4.2-4.1 for rectum in
women) (Statistics and Information Department, Minister’s
Secretariat, Ministry of Health, Labor, and Welfare of Japan,
2003). Dietary factors may play a part in this increase, but the role
of fruit and vegetables remains unclear. We therefore examined the
association between fruit and vegetable consumption and the risk
of colorectal cancer in the Japan Public Health Center (JPHC)
prospective study on cancer and cardiovascular disease.

MATERIALS AND METHODS

The JPHC study has two population-based cohorts, and study
designs are described in detail elsewhere (Otani et al, 2003).
Briefly, Cohort I started in 1990 and included 40106 subjects
(19345 men and 20761 women) who were 40-59 years of age,
lived in four Public Health Center districts, responded sufficiently
to a self-administered questionnaire, and had no history of cancer
(73.7% of the eligible subjects). Cohort II started in 1993 and
included 48 552 subjects (23 180 men and 25 372 women) who were
40-69 years of age, lived in five Public Health Center districts,
responded sufficiently to a self-administered questionnaire, and
had no history of cancer (77.9% of the eligible subjects).

Cohort I questionnaire asked about the average consumption
during the previous month of 44 food items including two fruit
(fruit and fruit juice) and five vegetables (green leafy vegetables,
yellow vegetables, white vegetables, pickled vegetables, and

*Correspondence: Dr Y Tsubono; E-mail: ytsubono@metamedica.com
* Study group members are listed in Appendix A at the end of this article
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vegetable juice). Cohort II questionnaire asked about the average
consumption during the previous month of 52 food items
including three fruit (apples, oranges, and fruit juice) and six
vegetables (green vegetables, carrot, tomatoes, green pickled
vegetables, other pickled vegetables, and vegetable juice). The
questionnaires had six frequency categories for fruit juice and
vegetable juice that ranged from ‘rarely’ to ‘5 glassesday ", and
four (Cohort I) or five (Cohort II) categories for other items that
ranged from ‘never’ or ‘rarely’ to ‘almost everyday’. The amount of
consumption of total fruit and total vegetables (gday ') were
calculated from these responses. We documented the question-
naire assessment of fruit and vegetable consumption to be
reasonably valid (Kobayashi ef al, 2002).

We followed up vital and residential status of subjects and
incidence of cancer until the end of 1999. During 694 074 person-
years of follow-up from the two cohorts, 705 cases of histologically
confirmed colorectal cancer (456 colon and 249 rectum) were
identified. Five percent of the subjects moved out of the study
regions and 0.04% were lost to follow-up.

We used Cox’s regression to compute from each cohort relative
risk (RR) and 95% confidence interval (CI) of colorectal cancer
according to quartiles of total fruit or vegetable consumption with
adjustment for potential confounders. We pooled these estimates
to obtain summary measures using inverse-variance weighting. As
we observed no differential findings between the two cohorts, we
present the pooled results only. This study has approximately 80%
statistical power, with the two-sided a-error level of 5%, in
detecting a true RR of 0.75 among the highest vs lowest quartiles of
total vegetable consumption.

RESULTS

Compared with men in Cohort I in the lowest quartile of total
vegetable consumption, men in the highest quartile were more
likely to engage in sports and use vitamin supplements, less likely
to be current smokers, and consumed higher amount of meats and
fish, but lower amount of cereals. The men in the two groups did
not differ with respect to age, body mass index, or the prevalence
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Table |

Pooled multivariate RR and 95% Cl of colorectal cancer for total fruit and total vegetable consumption®

Quartiles of total fruit consumption

Quartiles of total vegetable consumption

Lowest Second  Third Highest Trend P Lowest Second  Third Highest Trend P
Person-years in Cohort | 94 449 95035 94 925 95901 94394 94936 95360 95620
Person-years in Cohort Il 78632 78285 78545 78303 78581 78766 78467 77950
Men and women
Colorectum
No. of cases 1 14/94 102/81 97/73 64/80 100/85 91/84 95/78 91/81
RR (35% Cl) 1.00 089 0.88 092 (0.70-1.19) 040 {.00 098 092 1.00 (0.79-1.27) 0.80
Colon
No. of cases 77156 70/50 \ 66/48 43/45 67/50 60/53 68/44 61153
RR (95% CI) 1.00 0.89 © 093 092 (0.66—1.28) 0461 1.00 0.99 096 1.08 (0.80— 1 45) 073
Rectum
No. of cases 37/38 32/30 31/25 21735 33/35 31131 27/34 30/28
RR (95% CI) 1.00 088 0.78 091 (0.59-1.40) 047 1.00 095 0.84 0.87 (0.58—1.31) 037
Men
Colorectum
No. of cases 90/80 81/61 61/43 10/28 83/66 62/55 60/45 37/46
RR (95% Cl) 1.00 086 0.79 1.06 (0.70-1.61) 0.34 1.00 095 0.82 |.18 (0.88—1.59) 0.86
Colon
No. of cases 59/51 57/36 42/31 8/1é 57/40 42136 41127 26/31
RR (95% Ci) 1.00 0.83 0.86 102 (0.61-1.70) 057 1.00 096 0.84 1.24 (0.86-1.79) 0.69
Rectum
No. of cases 31/29 24125 19/12 2/12 26/26 20/19 19/18 11715
RR (95% CI) 1.00 091 0.68 119 (0.59-2.36) 042 1.00 091 081 1.06 (0.63—1.78) 081
Women
Colorectum
No. of cases 24/14 21120 36/30 54/52 17/19 29/29 35/33 54/35
RR (95% Cly 1.00 1.02 115 093 (0.61-142) 0.77 1.00 103 1.08 0.88 (0.57-1.35) 048
Colon
No. of cases 18/5 13/15 24117 35/29 1o/10 18/17 27017 35722
RR (95% Cl) 1.00 1.07 {19 0.87 (049-1.52) 0.86 1.00 .09 125 1.01 (0.58-1.76) 096
Rectum
No. of cases 6/9 8/5 12/13 19/23 719 11712 8/16 19/13
RR (95% Cl) 1.00 077 0.95 0.84 (043-1.65) 0.77 1.00 096 0.84 0.7! (0.36—1.38) 027

RR = relative risk; C} = confidence interval. *RRs have been adjusted for sex, age (S-year groups), Public Health Centre area, body mass index in kgm 2 (less than 19, 19229,
23-26.9, and 27 or more), frequency of sports (never or | day/month or more), smoking (never, past, and current), alcohol consumption (non, occasional, | —149, 150-299,
and 300 gweek or more), vitamin supplement use, quartiles of energy, cereals, meats, and fish by each cohort The lowest quartile serves as reference category. The numbers of

colon and rectal cancers are from Cohort /Cohort II.

of regular drinkers. We observed similar tendencies for women in
Cohort I, and for men and women in Cohort IL

We found no significant association between fruit or vegetable
intakes and the risk of colorectal cancer (Table 1). Multivariate RRs
(95% CI) for the highest vs the lowest quartile of intake were
0.92(0.70~1.19) and 1.00(0.79 - 1.27), respectively, based on 705 cases.
We observed no association whether or not colon and rectal cancers
were separated, or men and women were separated. Exclusion of
colorectal cancer cases diagnosed in the first 3 years of follow-up did
not change the findings materially. Stratified analyses by covariates
included in multivariate models did not reveal remarkable effect
modifications. Analyses based on the octiles of total fruit or vegetable
consumption did not show significant associations. No individual
fruit or vegetables showed significant relations with risk.

DISCUSSION

This is the first prospective cohort study of fruit and vegetable
consumption and incident risk of colorectal cancer in Japan. Our
results are consistent with the recent prospective studies in
Western populations showing no substantial protective associa-
tions (Michels et al, 2000; Voorrips et al, 2000).

© 2005 Cancer Research UK

Our food frequency questionnaires had relatively small number
of fruit and vegetable items and limited range of frequency
categories. Nevertheless, we had observed in Cohort I an inverse
association between fruit and vegetable intakes and the risk of
gastric cancer {Kobayashi ef al, 2002). It is therefore unlikely that
failure to observe protective association was due to the crude
designs of our questionnaires.

While mortality from colorectal cancer in Japan increased
during 1950-2000, the average consumption of fruit and
vegetables also increased during this period (42-117 and 242 -
311 gday ', respectively) (Kenko Eiyo Joho Kenkyukai, 2002). Our
results, along with these time trends, suggest that low consumption
of fruit and vegetables is not primarily responsible for the
increased rate of colorectal cancer in Japan.
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Coffee consumption and the risk of primary liver cancer:
Pooled analysis of two prospective studies in Japan
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Although case-control studies suggested that coffee consumption is
associated with a decreased risk of liver cancer, no prospective
cohort study has been carried out. To examine the association
between coffee consumption and the risk of liver cancer, we con-
ducted a pooled analysis of data available from 2 cohort studies in
Japan. A self-administered questionnaire about the frequency of
coffee consumption and other lkealth habits was distributed to
22,404 subjects (10,588 men and 11,816 women) in Cohort 1 and
38,703 subjects (18,869 men and 19, 814 women) in Cohort 2, aged
40 years or more, with no previous histery of cancer. We iden(iﬁed
76 and 47 cases of liver cancer among the subjects in Cohort 1
(9 years of follow-up with 170,640 person-years) and Cohort 2 (7
years of follow-up with 284,948 person-years), respectively. We
used Cox proportional hazards regression analysis to estimate the
relative risk (RR) and 95% confidence interval (CI) of liver cancer
incidence. After adjustment for potential confounders, the pooled
RR (95% CY) of drinking coffee never, occasionally and 1 or more
cups/day were 1.00 (Reference), 0.71 (0.46-1.09) and 0.58 (0.36~
0.96), respectively (p for trend = 0.024), In the subgroup of sub-
jects with a history of liver disease, we found a significant inverse
association between coffee consumption and the risk of liver can-
cer. Our findings support the hypothesis that coffee consumption
decreases the risk of liver cancer. Further studies to investigate
the role of coffee in prevention of liver cancer among the high-risk
population are needed.

T 2005 Wiley-Liss. Inc.

Key words: coffee: liver neoplasms: incidence: prospective studies:
Japan

Primary liver cancer 15 the third most common cause of death
from cancer woildwide.! The incidence of liver cancer is highest
in Eastern Asxa including Japan Although its incidence is lower
in Europe™ and the United States,” it has been increasing over the
last few decades.

Hepatitis B virus (HBV) and hepauus C virus (HCV) infections
are established causes of liver cancer,® and 59.6% and 23.6% of
liver cancers worldw1de are considered attributable to HBV and
HCV, respecmelg Epidemiologic studies have indicated that
dluohol drinking®® and tobacco smoking" " are also associated with
an increased risk of liver cancer.

There are several sets of data supporting the possibility that cof-
fee consumption has a preventive effect against liver cancer. Ani-
mal experiments have indicated that coffee has inhibitory effects
against chemical carcinogenesis in liver tissue.” Furthermore,
epldermologlc studies have demonstrated that coffee comumpuon
is inversely related to serum liver enzyme activity,' =5 and has an
inverse association with the incidence of liver cirrhosis.'®"’
Recent case-control studies in Italy and Greece have suggested
that Lotfee consumption is associated with a decreased risk of liver

cancer.'¥

All the existing epidemiologic evidence related to coffee con-
sumption and liver cancer has been derived only from case-control
studies.'®2° To further clarify the association hetween coffee con-
sumption and the risk of liver cancer, a prospective cohort study is
essential. Our present study was conducted to examine the associ-
ation between coffee consumption and the risk of primary liver
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cancer based on population-based prospective cohort studies in
Japan.

Material and methods
Study cohorts

Our present study was based on a pooled analysis of 2 prospec-
tive cohort studies in Japan. The study desngns for the 2 studies
have been described in detail elsewhere.** ™ Briefly, for Cohort 1,
we delivered a self-administered questionnaire in January 1984 to
33453 residents, 40 years of age or older, in 3 mumicipalities of
Miyagi Prefecture. Usable questionnaires were retumned from
31,345 (93.7%) of the subjects. For Cohort 2, we delivered a seli-
administered questionnaire between June-August 1990 to 51,921
residents, 40--64 years of age, in 14 municipalities of Miyagi Pre-
fecture. Usable questionnaires were returned from 47,605 (91.7%)
of the subjecis. Study protocols for the 2 cohorts were approved
by the institutional review board of Tohoku University Graduate
School of Medicine. We considered that the return of the self-
administered questionnaires signed by the subjects implied their
consent to participate in the study.

Exposure data

In both cohorts, the questionnaire included items inquiring
about the frequency of recent consurnption of 3 kinds of beverages
(cotfee, green tea. black tea) and food items, as well as questions
on smoking status and history of disease. In the question about his-
tory of liver disease, the subjects were stmply asked, “Have you
had any liver disease?” Thus, we did not ascertain the name of the
liver disease. Alcohol consumption was assessed by asking if the
subject had never drunk, or was a former, or current, drinker. Cur-
rent drinkers were also asked about their frequency of drinking
and the amount of alcohol consumed on one occasion.

We asked the subiects about their frequency of coffee Lonsump»
tion according to 5 categories: never, occasionally, 1--2 cups per
day, 3-4 cups per day and 5 or more cups per day. No question
about the method used to brew the coffee was asked. The volume
of a typical cup of coffee was 150 ml in the study region. The vali-
dation study of beverage consumption indicated that the self-
reported frequency of coffee consumption among the subjects was
satisfactorily valid and reliable. One hundred thirteen subjects in
the study population responded to the guestionnaire twice, | year
apart, and provided four 3-day diet records within the year.
Spearman’s coefficient for the correlation between the amounts of
coffee consumed according to the questionnaire and the amounts
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Japanese Ministry of Education, Science, and Culture.
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TABLE I - CHARACTERISTICS OF THE SUBJIECTS ACCORDING TO COFFEE CONSUMPTION'

Coffes consumption tcups/day)

Cohort { Cohort 2
Never Occasionally 3! Never Occasionally 1

No. of subjects 4938 9507 7959 6954 14130 17619
Age (years), mean - SD* 60.4 = 118 56.0 + 10.5 52.4 97 542 70 528 4+72 489 = 7.1
Hmor_v of liver disease (%) 54 4.7 4.5 6.6 4.8 4.4
Male (%) 41.0 46.1 52.5 47.1 46.8 51.0
Alcohot drinking (%)

Never 48.9 383 334 459 43.7 39.0

Formerly \ 77 5.0 5.1 6.6 5.1 54

Occasionally 21.0 326 34.6 18.4 248 28.9

Daily, <45.6 g/d 7.0 8.5 94 8.0 8.3 9.2

Daily, >45.6 g/d 154 15.7 174 211 18.2 17.6
Smoking (%)

Never 62.4 60.6 47.2 56.9 55.8 47.3

Formerly 138 12.4 124 14.0 12.7 10.2

Daily, <19 cigareties 10.6 10.7 127 10.5 10.7 11.0

Daily. >20 cigarettes 132 163 27.7 18.6 20.8 317
Daily comump(ion (%)

Green tea (23 cups/day) 570 68.6 60.3 479 522 39.6

Black tea (3’» cups/day) 0.7 0.9 27 0.3 0.4 0.8

= 61, 107 —*SD denotes standard deviation.

consumed according to the diet records was 0.70, and the correla-
tion between consumption measured by the 2 questionnaires over
[ year was 0.72.

Follow-up

The end point in our analysis was incidence of primary liver
cancer defined as the topography code C22.0 and fifth digit behav-
ior code for neoplasms/3 according to the lmenmuonal Classifica-
tion of Diseases for Oncology (2nd Ed.; ICD-O- ") 2

For both cohorts, we followed the \«Iml and residential status
of each subject using a population registry for each municipal-
ity. We ascertained the incidence of cancer using the Miyagi
Prefectural Cancer Registry, one of the earliest dﬂd most accu-
rate population-hased cancer registries in Idpdn In this regis-
try, the relevant cases were abstracted from medical records of
hospitals by a medical doctor or trained medical record
reviewer, except for the cases reported from an institution to
the registry. A follow-up was conducted from | January 1984 -
31 December 1992 for Cohort {, and from 1 August 1990-31
March 1997 for Cohort 2.

We excluded cancer cases prevalent at the baseline (541 cases
in Cohort 1 and 1,110 cases in Cohort 2). Then, we excluded sub-
jects who did not answer the question about coffee consumption
(8.400 subjects in Cohort 1 and 7,792 subjects in Cohort 2). Con-
sequently, our analysis included 22.404 subjects (10,588 men and
11.816 women) including a total of 70 cases of liver cancer (50
men and 20 women) in Cohort 1, and 38,703 subjects (18,869 men
and 19,834 women) including a total of 47 cases of liver cancer
(41 men and 6 women) in Cohort 2.

Diagnosis of the 117 primary liver cancer cases was confirmed
by medical records (n = 90, 76.9%) or death certificates alone
(n=27,23.1%). In the 90 cases of primary liver cancer reviewed
from medical records, the diagnosis was confirmed by histologic
or cytologic examination in 43 cases, and by imaging (ultrasonog-
raphy, computed tomography, magnetic resonance imaging, or
angiography) alone in 35 cases. Although medical records had
been reviewed, no further information on the basis of diagnosis
was obtainable from the registered data in 12 cases. Among the 43
cases of primary liver cancer established by histologic or cytologic
examination, the histological types were hepatoceliular carcinoma
{ICD-O-2 morphology code M-8170/3, n = 35), unspecified can-
cer (M-8000/3, rn = 0), adenocarcinoma (M-8140/3, n = 1) and
hemangiosarcoma (M-9120/3, n = 1).

Statistical analysis

We counted the number of person-years of follow-up for each
subject from the beginning of follow-up until the date of diagnosis
of liver cancer, the date of emigration from the study districts, the
date of death or the end of follow-up, whichever occurred first.
Total person-years accrued were 170,640 for Cohort 1 and
284,948 for Cohort 2. We combined the upper 3 categories of cof-
fee consumption into the single category “1 or more cups/day”
because of the small number of subjects in each category. In fact,
the numbers of patients with liver cancer who reported drinking
coffee 1-2, 3-4 or 5 or more cups/day were 19, 11 and 0, respec-
tively. Relative risk was computed as the incidence rate among
subjects in each category of coffee consumpiion divided by the
rate among those who had never drunk coffee. We considered sub-
jects who had never drunk coffee as the reference group.

We used Cox proportional hazards regression analysis to esti-
mate the relative risk (RR) and 95% confidence interval (Cl) of
fiver cancer incidence according to categories of coffee consump-
tion and to adjust for potentially confounding variables, using
SAS version 8.2 statistical software (SAS [nc., Cary, NC).

As the primary outcome, we examined the association between
coffee consumption and the risk of incidence of primnary liver can-
cer. We considered the following variables to be potential con-
founders: age (in years), gender, history of liver disease (yes or
no), alcohol consumption (never drinker, former drinker. occa-
sional drinker [current drinker less often than daily], daily drinker
who consumed <45.6 g alcohol/day, or 45.6 g or more alcohol/
day), and smoking status (never smoker, former smoker, currently
smoking 1-19 cigarettes/day, currently smoking at feast 20 ciga-
rettes/day).

To obtain a summary measure of the results from Cohort 1 and
Cohort 2, we used the general variance-based method. 2 The
p-values for the analysis of linear trends were calculated by treat-
ing the coffee consumption category as an ordinal variable. All
reported p-values are 2-tailed, and differences at p < (.05 were
considered statistically significant.

Results

Table I compares the characteristics of subjects according to
coffee consumpiion. The subjects with higher coffee consumption
tended to be younger and male, and were more likely to be
drinkers and heavy smokers (20 cigarettes or more/day) and were
less likely to have a history of liver disease. The consumption of
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TABLE Il - RELATIVE RISK (RR) AND 95% CONFIDENCE INTERVAL (CI) OF LIVER CANCER ACCORDING TO COFFEE CONSUMPTION

Coffee consuinption (cups/day)

Variable 7 for Trend
Never Occasionally =1
No. of cases of liver cancer/person-years
Cohort 1 29/36.988 25/74,226 16/59 427
Cobhort 2 12/51.017 217104459 14/129.471
Age. gender-adjusted RR (95% C1)
Cohort 1 1.00 (.48 (0.28-0.82) 0.44 (0.24-0.83) 0.0076
Cohort 2 1.00 0.92 (0.45-1.87) 0.61 (0.28-1.33) 0.19
Pooled 1.00 0.61 (0.40-0.94) 0.50 (0.31-0.82) 0.0041
Multivariate RR' (95% CI)
Cohort | 1.00 0.56 (0.33-0.97) 0.53 (0.28-1.00) 0.038
Cohort 2 1.00 1.05(0.52-2.16) 0.68 (0.31-1.51) 0.30
Pooled 1.00 0.71 (0.46--1.09) 0.58 (0.36-0.96) 0.024

"Multivariate RR was adjusted for age (in years), gender, history of liver disease (yes or no), alcohol consumption (never drinker, former
drinker. occasional drinker [current drinker less often than daily], drinker who consumed less than 45.6 g alcohol/day, 45.6 g or more alcohol/
day). and smoking status (never smoker, former smoker, currently smoking 1-19 cigarettes/day, currently smoking at feast 20 cigarettes/day).

green tea did not vary according to the consumption of coffee. We
observed a similar tendency in Cohort 2.

Table 1I shows the association between coffee consumption and
the risk ol primary liver cancer. We found that higher coffee con-
sumption was significantly associated with a lower risk of inci-
dence of liver cancer. The pooled multivariate RR (95% Cl) of
liver cancer in subjects who drank coffee never, occasionally, and
1 or more cupsf/day were 1.00, 0.71 (0.46-1.09) and 0.58 {0.36—
0.96), respectively (p for trend = 0.024). In the analysis of each
cohort, a similar trend was observed. Results remained essentially
the same when we excluded the 41 cases (22 cases [13 men and 9
women} in Cohort 1, 19 cases [17 men and 2 women) in Cohort 2)
with liver cancer diagnosed in the first 3 years of follow-up (data
not shown).

When we did not count 27 cases confirmed by death certificate

“only (DCO) as primary liver cancer, the point estimate of the RR
of liver cancer had a similar trend. The pooled multivariate RR of
liver cancer in subjects who drank coffee never, occasionally, and
1 or more cups/day were 1.00, 0.87 (0.52-1.45) and 0.73 (0.41-
1.29), respectively (p for trend = 0.25).

Table Il shows the association between coffee consumption
and the risk of liver cancer in subgroup analyses. The RR of liver
cancer were below unity irrespective of whether the subjects were
younger or older, male or female, current drinkers or not, current
smokers or not and had had liver disease or not. A significant
inverse association between coffee consumption and the risk of
liver cancer was observed in the subjects with a history of liver
disease (p for trend = 0.047), whereas the association was not sig-
nificant in the subjects without a history of liver disease.

We also examined the relationship between green tea consump-
tion and the risk of primary liver cancer, but the relationship was
null. After adjustment for the same covariates as those used for
analysis of coffee consumption, the pooled RR (95% CI) of pri-
mary liver cancer in subjects who drank 2 or less, 3-4, and 5 or
more cups of green tea/day were 1.00, 1.20 (0.75~1.94) and 0.90
(0.56-1.44), respectively (p for trend = 0.70). We were unable to
estimate the relationship between consumption of black tea and
liver cancer incidence because the proportion of subjects who
drank 1 or more cups of black tea/day was only 7.8% in Cohort {
and 2.8% in Cohort 2.

"Discussion

In this pooled analysis of 2 prospective cohorts, we tound a
statistically significant inverse association between coftee con-
sumption and the incidence risk of primary liver cancer. This
result is COl’IblStht with recent case-control studies in Italy and
Greece.™ Consumption of coffee in our subjects was not partic-

ularly low in comparison with the Western population. The pro-
portion of subjects who reporied drinking | or more cups of
coftce/da; was 41.9% in our study and 58.3% in the Uniied
States.® Almost half of the liver cancer cases occurred in the
2,985 subjects who reported a history of liver disease at the
baseline. Although we had no specific information on liver dis-
eases, this result was consistent with the strong association
between chronic liver diseases such as chronic hepatitis or liver
cirthosis and the risk of liver cancer.”’

Our study had several strengths. We recruited our subjects from
the general population and identified a large number of cases of
liver cancer among them. The information on coffee consumption
and other variables was obtained before the cases of liver cancer
were diagnosed, thus avoiding any effect of recall bias. The ques-
tionnaire used for measuring coffee consumption had a reasonably
high level of validity and reproducibility. In addition. the inverse
association between coffee consumption and the risk of liver can-
cer was unchanged after adjustment for, and suratification by,
potential confounders. Moreover, to avoid any potential bias from
subclinical conditions, we excluded subjects in whom liver cancer
was diagnosed in the first 3 years of follow-up. The inverse associ-
ation was unchanged atter this exclusion.

Our study also had some limitations. First, we had no informa-
tion about history of HBV or HCV infection. The prevalence of
hep'\lilis B surface antigen (HBsAg) and antibodies against HCV

{anti-HCV) among subjects 40 years of age or older in this area
was 1.87% and 2.19%, respectively.™ In Japan. 28% and 43% of
liver cancers are estundlcd to be atiributable to HBV and HCV,
respectively.” If these viral infections were related to change in
coffee consumption, the association between coffee consumption
and the risk of liver cancer would be confounded. In our study, the
RR of liver cancer were below unity, irrespective of whether the
subjects had liver disease or not. In a previous study,”’ the inverse
relationship between coffee consumption and the odds ratio of
liver cirthosis was independent of HCV and HBYV infection.
Because of the strong association between these virus infections
and the risk of liver cancer, however, even a weak inverse associa-
tion between these viral infections and cotfee consumption could
introduce negative confounding, which would lead to overestima-
tion of the effect of coffee consumption on the decreased liver
cancer risk. Measurement of HBV and HCV infections would be
needed in further prospective studies.

Second, primary liver cancer cases identified on the basis of
death certificates alone without confirmation by medical records
might have a possibility of misclassifying secondary metastasis to
the liver as primary liver cancer. We carried out an additional
analysis not counsidering the DCO cases as primary liver cancer.
The inverse association between coffee consumption and the risk
of primary liver cancer was not materially changed. We believe it
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TABLE II - POOLED MULTIVARIATE RELATIVE RISK (RR) AND 95% CONFIDENCE INTERVAL (Ch
O

T LIVER CANCER ACCORDING TO COFFEE CONSUMPTION BY VARIOUS SUBGROUPS

Coffee consumption {cups/day)

p for Trend!

Never Qccasionally =1
Age
40-59 (n = 46.718)
No. of cases 14 23 20
Multivariate RR' (95% CI) 1.00 0.88 (0.44-1.74) 0.81 (0.40-1.64) 0.59
60- (1 = 14,389)
No. of cases 27 23 10
Multivariate RR‘ (95% CT) 1.00 0.58 (0.32-1.09) 0.44 (0.21-0.93) 0.015
Gender
Male (n = 29.457)
No. of cases 28 36 27
Multivariate RR (95% CI) 1.00 0.73 (044121 0.64 (0.37-1.12) 0.11
Female (n = 31.650)
No. of cases 13 10 3
Multivariate RR? (95% CI) 1.00 0.66 (0.28-1.57) 0.54 (0.14-2.07) 0.12
Alcohol drinking
Never (n = 21,914)
No. of cases 14 10 4
Multivariate RR* (95% CT) 1.00 0.69 (0.29-1.65) 0.46 (0.14-1.52) 0.095
Former (n = 2,974)
No. of cases & 6 [§)
Multivariate RR' (95% CT) 1.00 0.60 (0.20-1.78) 0.74 (0.23-2.39) 0.58

Current (n = 28.750)

No. of cases 15 28 14
Multivariate RR' (95% CT) 1.00 0.90 (0.47-1.71) 0.56 (0.24-1.29) 0.097
Smoking
Never (n = 27,233)
No. of cases 12 14 2
Multivariate RR! (95% CI) 1.00 0.90(0.38-2.11) 0.27 (0.06-1.32) 0.10
Former (n = 6,104)
No. of cases 14 9 2
Multivariate RR! (95% CT) 1.00 (.53 (0.21-1.34) 0.18 {0.04-0.84) 0.012
Current (n = 18,334)
No. of cases i1 16 19
Maultivariate RR' (95% CI) 1.00 0.80 (0.36-1.75) 0.9010.41-1.97) 0.84
History of liver disease
yes (n = 2.985)
No. of cases 23 17 13
Multivariate RR' (95% CI) 1.00 0.5110.27-0.97) 0.52(0.25-1.07) 0.047
no (n =58,122)
No. of cases 18 29 17
Multivariate RR' (95% CT) 1.00 0.98 (0.53-1.80) 0.75 (0.37-1.50) 0.33

"Multivariate RR was adjusted for age (in years), gender, history of liver disease (yes or no). alcohol
consumption (never drinker, former drinker, occasional drinker [cumrent drinker less often than daily],
daily drinker who consumned less than 45.6 g alcohol/day. 45.6 g or more alcohol/day). and smoking sta-
tus (never smoker, former smoker, currently smoking 1-19 cigarretes/day, currently smoking at teast 20
cigarettes/day). Each model stratified by gender, alcohol consumption, smoking status and history of liver
disease did not include variables for each stratum. respectively

is unlikely that the DCO cases distorted the inverse association
substantially.

Third, we excluded 16,192 subjects because they did not answer
the question on coffee consumption. Fifty-one cases of liver can-
cer were diagnosed in this group. We considered that the charac-
teristics of subjects who did not report their cotfee consumption
were essentially similar to those of subjects who did. The 2 groups
were similar with respect to the prevalence of current smokers
(35.5% and 35.4% of the groups, respectively), current alcohol
drinkers (51.4% and 54.2%, respectively), and a history of liver
disease (4.2% and 4.9%, respectively), apart from the distribution
of age classes (subjects 40-59 years of age made up 53.6% and
76.5% of the groups, respectively) and gender {men made up
41.3% and 48.2%, respectively). The pooled multivariate RR
(95% CI) of liver cancer in the subjects who did not answer the
question about their coffee consumption, as compared to those
who did, was 1.23 (0.87-1.74). Thus, our result might not have
been substantially biased by exclusion of the subjects who did not
answer the question on coffee consumption.

Fourth, we were unable to distinguish between never and for-
mer coffee drinkers, as this information was not collected at the

baseline. Such information would allow more precise estimation
of the effects of coffee on liver cancer in further studies. Finally,
we did not investigate the method used for brewing coffee. For
practical purposes, however, we can counsider that most of the sub-
jects would have consumed instant or ﬁltered coffee because unfil-
tered coffee is rarely consumed in Japan.”

Among the subjects with a history of liver disease, we observed
a significant inverse relationship between coffee consumption and
liver cancer. We speculate that coffee may prevent liver cancer
more effectively among subjects with liver disease than among
those without liver disease. If the subjects with a history of liver
disease had reduced their coffee consumption at the time of base-
line data collection because of ill health, an inverse association
between coffee consumption and liver cancer would have been
observed. Among the subjects with a history of liver disease, we
did not observe a decreasing trend in the proportion of former
alcohol drinkers and former smokers, according to the frequency
of coffee consumption, who might have quit drinking and smoking
due to ill health. In our data, among the subjects with a history of
liver disease, the proportions of former alcohol drinkers who
drank coffee never, occasionally or 1 or more cups/day were
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13.5%, 11.5% and 13.1% respectively, and the corresponding pro-
portions of former smokers were 17.7%, 19.3% and 17.6%,
respectively. Kuper ef al.'® failed to estimate the odds ratio of
liver cancer for coffee drinkers among a subgroup of subjects with
HBsAg or anti-HCV because there were no controls who did not
drink coffee among these subjects. Further studies to elucidate the
preventive effects of coffee consumption against liver cancer
among subjects with chronic hepatitis or liver cirrhosis are
needed.

Meanwhile, among the subjects without a history of liver dis-
ease, the inverse association between coffee consumption and the
risk of liver cancer was not significant, but the RR of liver cancer
was below unity. Among the subjects without a history of liver
disease, we could not conclude from our data whether we might
fail to detect a significant inverse association between coffee con-
sumption and the risk of liver cancer due to insufficient statistical
power or whether there might be no association.

{t remains unclear which ingredient(s) of coffee is protective
against liver cancer. Mutagenic and antimutagenic effects of coffee
and caffeine on cultured cells of bacterial and mammalian origin

SHIMAZU ET AL

have been demonstrated; but mutagenic etfects would be almost
non-existent at the usual levels of coffee consumption in humans. ™
The caffeine concentration in cotfee and green tea is 0.06% and
0.02%, tespectively.®' Caffeine might not have a protective effect
against liver cancer because our study indicated that consumption
of green tea was not associated with the risk of liver cancer. Coffee
also contains chlorogenic acid, a phenolic compound, whose inhib-
itory effects on chemical carcinogenesis in the liver have been
demonstrated in an animat model."" The diterpenes cafestol and
kahweol, both present in coffee, have been implicated in anticarci-
nogenic activity,”* but it seems unlikely that they would have had
a protective eftect against liver cancer in this study group because
their quantity is almost negligible in instant and filtered coffee.”

In conclusion, we have found that cotfee consumption is signifi-
cantly associated with a decreased incidence of liver cancer. In
addition, subgroup analysis among our subjects with a history of
liver disease showed an inverse association between coflee con-
sumption and the risk of liver cancer. Further studies to clariy the
role of coffee in prevention of liver cancer among the population
at high risk are needed.
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Test Major finding Reference
Fish intake Prenatal exposure’ Postnatal ex posure’
Michigan 1980-1981
NBAS (60 hr} Motor immaturity, Poorer lability ~ No relation 16
of states, Hypoactive reflexes
BSID (5,7 mo) No relation No relation 17
FTH (5,7 mo) Less performance Less performance No relation 18
MS 4y} Poorer scores in verbal and Weak relation 19
numerical memory
1Qtest (11 yr) Intellectual impairment No relation 5
North Carolina, 1978-1982
NBAS (72 hr) Less muscle tone, Lower activity 20
levels, Hypaoreflexive® R
BSID (2 yo) Lower psychomotor scores® 2]
MDS (2 yr) No relation? 22
MS (3-5'yr) No relation’ 23
Oswego, NY. 1991-1994
NBAS (48 ) Lower scores in habituation, Lower scores in habituation, No relation 24
antonomic and reflex antonomic and reflex
FTIT (6 and 12 mo) Less performance No relation i3
Performance test (4.5 yr) Increase in errors of commission No relation 25
Netherlands, 1990-1992
PNE (10-21 d) No relation Less muscle tone, Reduced 26
neurological optimality
BSID (3 mo) Lower psychamotor scores No relation 27
BSID (7 mo) No relation Lower psychomotor scores 27
Neurological (18 mo) Lower optimality No relation 28
Neurological (42 mo) No relation No relation 29
K-ABC {42 mo) Intellectual impairment® No relation 30
Neuropsychological (9 yr} Longer respone time Week relation 31
Auditory P300 (9 yr) Longer P300 fatencies No relation 32
Dusseldorf, 1993-1995
BSID (7 mo) No relation Lower mental scores 33
FTIL (7 mo) No relation No relation 33
BSID (30 mo) No refation Lower mental and psychomotor scores 2
K-ABC (42 mo) No relation Intellectual impairment 2
Faroe Islands, 1994-1995
PNE (2 wk) No relation® No relation 34

i Cord blood PCB level for prenatal exposure and maternal milk PCB level for postnatal exposure. 2 Prenatal PCB exposure was estimated based on the maternaf milk PCB

ievel obtained at birth. 3 Maternal blood PCB level.

Neurclogical and cognitive tests are abbreviated as follows: Neonatal Behavioral Assessiment Scale (NBAS), Bayley Scales of Infant Development (BSID), Fagan Test of
Infant Intefligence (fTII), McCarthy Scales (MS), Mental Development Scales (MDS), the Prechtl Neurological Examination (PNE), Kaufman Assessment Battery for

Children (K-ABQ).
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ARRAEDIOOEREHRE, &, RIEERHEIC
Mz, RoOBREEREEEICERE L-REBICTR
ERAEEDOTV5, &8, AEICELHEILK
FEFRN PR E R ITHIFEETE O B % 17
VERE R ET VB,

B ROBREDBH

ROEEZBIRT 5720 OWBATE #1742 Tk
CKBILT, ARIBECT YNV Y IHERTE
Al (NBAS) %, HE&7HFA CHRKREEBRE,

FRTHER
BYEEERE, BREBERE
IO, 8l MERE, dolEngtt
BRBALEY. LY

DERRE /NNy T 1) —
TSEN b HERITHE
Bayley Scale of Infant Development
Pk K REERE
Fagan Test of Infant Intelligence
Child Behavior Checklist

Kaufman Assessment Battery for Children
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Bayley Scales of Infant Development (BSID) X
U’Fagan Test of Infant Intelligence (FTII) %, 4
%184 A THIRKFE A B L UBSID%, 4%
304 H TChild Behavior Checklist for 2-3 years
(CBCL) #, 4##42% H TKaufman Assessment
Battery for Children (K-ABC) %D Tw5b, &
o OBIFFHENOHERIE BB 1282~88%T
#ERLTwD,

WA Sy 7Y —ZonTid, FMKRRERE
FhPENCBIT A REN R EERETHH VY,
HTERNIRT LI EBSD L L HWHNTE
he, TSCODOWFFEMREOEBE & 482 L CH
MK FEE A & BSIDOERIC L 2 FEZHRA L
720 BSIDIRZEWNTREL SN TE LT, 19934
WERICHE SN2 BIIEANCTOFEHEM S R Y
7ob v, £ D72®, Rochester KFED/NIBRE
W7 v—"7 (Davidson#d?) & OIREEZEIC X
D7a b a— VOHREEEEFFM T ER L7227,
$7z, FIMEAN RO of G RIF2InHE L7243
HRBMMRETDHY, FROMYEEN L &HE%

bolINTnaEY, BHORETH I CHVD
NTWHREHBTH ) (K1), HrOHET
bHROAD B THIFBENRD LN T EY,
Bk, £B429 A CRIBOMEEREEOE Y
KA LD, Frv—27 THRESIMLE
CATSYS20000 D rpar 6, BRELEES L5
B RABERRA T B,
a. XiEEHE

ROBREEDEGELHETITL ) LT,
BHROEFERE (PEEXAYEIUEERE),
ERFWER (Hollingshed four facors version),
FRESEMAE, B HIQ (Raven's Standard
Matrices) 12X B L TV 5,
b. {bZE54

HRBREDILFESHTITOWT, BEEEZRKR
T2 b VAT L3 & VBRI IR A v € v B
fRIE (TSH, #B X U#EHET3/TY) 2o Tid&
BITHI 2T Lizo KA ETAMIEL
LY, BIRBR VT S BEBERIERT IR
FREEI LY 5 24T 072,

K2 XHHEBOWHELADF— MAEE ETOEESROFE

Study Method No of Lipid Comment Reference
Extraction Clean-up GC Detection  congeners determination
identified
North Carolina, 1978-1982 Liquiud  Florisil  Packed ECD Not identified Webb-McCall method 35
Michigan 1980-1981 Liquiud Florisil Packed ECD Not identified Webb-McCall method 36
Netherlands, 1990-1992 Liguiud  Florisil  High ECD 4 Gravimetric  Milk: 17 PCDD/F cangeners, 3 planer 28
Resolution (milk) and 23 nop-planar PCBs, Plasma: Sum
of 118,138,153, and 180
Oswego, NY, 1991-1994 Liguiud  Flowisii  High ECD 68 Gravimetric  a) Sum of 68 congeners 13
Resolution b) Sum of bighly chlorinated congeners
Dusseldorf, 1993-1995 Solid Flovisil  High ECD 3 Photometric  Sum of 138, 153, and 180 2
-Liquiud Resolution
Faroe Islands, 1994-1995 Solid Florisil ~ High ECD 6 Photometric  1.65 x Sum of 138, 153 and 180 34
-Liquiud Resolution (milk)
Nonavik, Quebec, 1996-2000 Liquivd  Florisil  High ECD 14 Gravimetric (milk) 37
Resolution Enzymatic (serum)
Osaka, 1998 Liquiud  Florisil  Packed ECD Gravimetric  Japanese official procedure I
Chiba and Yamanashi, 2002-2003 Liquiud ~ Silica High MS All Enzymatic (serum) 12
gel Resolution
Tohoku, 2001-2003 Liguiud  Silica High MS All Gravimetric  Whole blood was used. 5
gel Resolution

SR, 11 TN
GA T R E SN L

2 HE
0 foad— R, T A0
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BRERRMEEWED Y b, ¥4 %Y VIR
LVR—8—U— 7 vEq TH5HCALUX Assay B
L UGC/MSIZ X & L, $/-PCBs& Bk
GHHGC/MSIZ & 2 FikE L, #IMZEBT 5
k- MRETI, R2LEFNFRORAETHY
SN HWEEEE LY, AEEEHOPCBD
AMIEVTNHECDIZ X 2RI TH ) £ E8HEES
FRATbR TG, Eizy AT Y VEOS
LT, 49 vy oBEREICTRATR
EFHEINTWLEOATH L, REETTIE, K
WA BV Y A4 F Y VB X UOPCBARMK
D EERL T DD, TDED) BEHESITH
DTORME L B,

FREGHBEFTTHLDOD, BREMTEOR
Bicky, BRiThizr ALoEp 23,78
TCDDREHEIIE R ¥4 4% ¥ VEIRE S
TWwb, MEMEIC R 57, EHFDemro sy A
T F Y VHEREOBIRER, 0.022 pgTEQ/g-wet
(0.005~0.13) TH Y, HBPCBIF115 pg/g-wet
(36~—670),, FEHHEEIX0.27% (0.18~0.72) k7%
2 TWh, BED TR~ FRETCEMEDL LI
MAEDEATRENT VB, MEREFITIE T A F

%3 BEEmBPCBL NJLIZEST B IHEE:

BEMRIEDEORRIRBREOEE

FYUEBLIUPCBRIBLALEEINEVE D
ENTHBY, Bwmo~< b7y v bE50%ER
EY AL, MAETOLEWEOREIIED TOME
DF2fEE %%,

BHOIR— MEEE DL
—PCBIREICEBELT

BEOWHNO 2R — FRETIE, PCBOGHHE
BAEE SN TWEZD, PCBIZOWT Y%
REgERnlz, RJCEFMOSHERE, 26
WEABELZBAOIHHEREBE TRV OD
RAICBAOIT OB OER TR LIz BRI
BUABRELNVOEEZEELTED, BASK
DWTCHE IR — MREEDAS S HFIE L2,

BEEFRETOLRELELL, BRI TR
FLEAZidng/mlie L7z, LR ECRIEREYD
OFEFTEBRIN T LA, F4ORET
BONIRIFEE027%% A CIRE L2 BED
L7 B MPCBIZ D W C R EAERITE
ENTVWHEITER, AR ORI R &
b EWIUPACHIS3DMEZ R8T 5 & & 1T, New

SPCBICHIA, #1538 S UEEIEHRIEPCB (BEHT7-9) (oW ITHEHMEL DD L

Study No. Chermical Geometric Comment
mearn
North Carolina, 1978-1982 744 >PCB <4.27 ng/ml
Michigan 1980-1981 293 2PCB 2.7 ng/ml
Netherlands, 1990-1992 373 2 PCB 0.38  ng/ml
373 153 0145 ng/ml
Oswego, NY, 1991-1994 293 ZPCB 052  nglg-wet
293 Z7-9CIPCB 005 nglg-wet
Dusseldorf, 1993-1995 141 ZPCB 039  ng/ml
Nonavik, Quebec, 1996-2000 98 ZPCB 0.76* ng/m! 279.9 ng/g-lipid (70.8-1420.1)
98 153 023% ng/mi 86.9 ng/g-lipid (13 4-550.9)
Chiba and Yamanashi, 2002-2003 20 > PCB 0.14"  ng/g-wet 63.8b ng/g-lipid (31-110)
Tohoku, 2001-2003 42 ZPCB 0.23" ng/ml 2T 0.115ng/ml (0.035-0.67)
42 153 0.05" ng/ml 2T 0.026 ng/ml (0.007-0.140)
42 579 Cl PCB 0.06™ ng/nil £11C 0.031 ng/ml (0.008-0.211)

‘BRASE0I % LRE L THELE,

"Median, “€HTOREEHS0SARE U CIEEICREL /2,
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A R OBPCBIZ DWW T A B &, i DR
REeEOERNOBREL VB L TR
k% 5T, MPCBIZDWT I3 & RE Tk
BOFEPETRL D L 0D, TUPACHIS3D A
WEHLTORBREHERTH o7 L LM
L, BEEFZEMPCBIIEFERT &, Fr R
ZO0swegoDBEE L NVICEE L7 Thbb,
OswegoDHPCREA &S VDI, EEHISOKE
BZRPCBOEHEDZ W HTHHY, Zndyh
WhHEREDOZ ) =Ty FTRMIBERE OB
CERETA A DEDZEZ LN,

KIZ, BEPPCBDO L AMIZOWTHIERT A
&, EIROBEL ~)VidOswegodi & IZILHs 5

2y b LCBERE LTRSS 2A2MIZH - 72,

FO—FT, FaroefBIIBITABREN TV &
RHELHTHY, 1980~1981FIICEBEB I N

#&4 BIPPCBL ANJVIZERT B 3CHkEE

MichiganiZ B A& & TIZH UL XV OMEE

TH5HI LHREE T, Faroefi BB Wi

AF WK L BEEZEICOWT HHHEI

DHENTVEA, PCBsk A FVRKEDOEEERE

WX B EBEEENEBEEN, FaroefiHiIZB

T HAPCBOBIBMBEZED Y A 7 Fli2RE L b

EZ6NMiz. %3, Michiganl B} 5RFE T,
BN ZPCBREIEAEZN L -FEIREND

DD, WEBRDBREDOREIRBE o729,
HEE LT, BoMoRzErBREMCENC

&, FLBRAGTBEODOPROEELRT
EPHFINGD, EdERLNTn5,

mabbm

LB X B RENREOER Y A 7 DR
REDL)ZT, ROEELEETHIL,
EREWBICEBIBT L, 2L THYZEE
BE2RLIILPEELEZEZ NS, TSCDIZ#
DFEFBELETHY, HwEHEHITIEEZREM
MBEbOERBLN LN, EWFE, FA4F
3 VHE, PCB, AFWKEBRE L RO@E) X

Study No. Chemical Geometric Range Comment
mean
North Carolina, 1978-1982 617 ZPCB [530 ng/g-lipid Milk at 6 weeks postpartm
Michigan 1980-1981 124 ZPCB 829.7 ng/g-lipid Milk at 0.5-4.5 months postpartam
Netherlands, {950-1992 194 2 PCB 404.8 ngre-lipid Milk at 2 weeks postpartum
194 #153 1747 ng/g-lipid
Oswego. NY, 1991-1994 86 2 PCB 153 ng/g-lipid Milk at £-3 months postpartun
Dusseldorf, 1993-1995 126 > PCB 404 ng/g-lipid Milk at 2-4 weeks postpartum
Faroe Isiands. 1994-1995 168 ZPCB 1520 ngfg-lipid  70-18500  Milk at 3-4 days postpartum
Nonavik, Quebec, 1996-2000 116 ZPCB 385.6 ng/g-lipid  75.7-1915.8 Milk at 1 month postpartum
116 #153 1316 ng/g-lipid  21.7-7279
Osaka, 1998 49 ZPCB 200" ng/g-lipid Milk at 2-4 weeks postpartum

A5 IDEZRETHBARI AT VEOSAPTONTE Y, BTEQ (PCDD/Fs + co-PCBs) 62 pg-TEQ/g-lipid.

*Arithimetic mean.
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