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association between coffee consumption and risk of diabetes
was present even after controlling for caffeine intake in the
present study.

Green tea consumption was not associated with the risk of
diabetes in the present study. A prospective study in Japan
reported a significant inverse association between green tea
consumption and diabetes risk, primarily among women>,
Two other studies in Japan failed to find an association
between green tea consumption and risk of diabetes!*),
although these studies were cross-sectionally conducted. In
the present study, a higher consumption of oolong tea raised
the risk of diabetes among women. In our data, an especially
high incidence of diabetes was observed among women who
reported consuming oolong tea twice per d or more. We
speculated that participants who were at risk for diabetes
may have chosen to drink oolong tea because of its reputed
ability to cleanse the body of extra fat, although an additional
analysis showed that the association between oolong tea con-
sumption and risk of diabetes among women remained after
the exclusion of participants who developed diabetes within
the first 2 years during the follow-up. A previously conducted
clinical trial reported that oolong tea consumption decreased
the plasma glucose level among patients with type 2 dia-
betes®?. More observational studies are needed to evaluate
the association of consumption of oolong tea with the risk
of diabetes.

The consumption of chocolate snacks was inversely associ-
ated with a risk of diabetes among men, and the association
was also implied among women. Several previous studies
included chocolate snacks to estimate total caffeine intake
and assessed it with the risk of diabetes””™'®, but to our
knowledge, no previous observational study has shown an
association between chocolate snacks alone and risk of dia-
betes. The finding must be, however, interpreted with caution
and any benefit derived from a possible reduction in the risk
might be outweighed by the increased health risks, such as
obesity, caused by the regular consumption of the high-
energy snacks. The finding still leaves room for further evalu-
ation of their components such as polyphenols for possible
protective effects, although the possible effect of caffeine con-
tent cannot be completely eliminated. A clinical trial testing
the insulin response to an oral glucose tolerance test indicated
that polyphenol-rich dark chocolate improved insulin sensi-
tivity in healthy subjects, which may support our finding®?.

The use of self-reported status of diabetes may be one of the
limitations of the present study. A previous study conducted in
Japan reported a substantial agreement between diabetes
reported in a questionnaire and its diagnosis; 82 % of cases
of self-reported diabetes were confirmed by medical
records®®. Even so, we were not able to determine the
proportion of the participants who had diabetes and did not
report it. Those subjects have been classified as not having
diabetes, and this may attenuate the true association, if it
exists, There is a possibility that subjects whose socio-econ-
omic status was high and who were health conscious were
more likely to respond to the follow-up questionnaire,
having the fact that the respondents were more likely to
have high education levels than non-respondents. Further-
more, other dietary items might have contributed to the
caffeine intake. The present study did not discuss caffeine
intake from the consumption of sodas, since the FFQ did

not allow us to distinguish sodas with caffeine from those
without caffeine. The consumption of sodas was relatively
low in the current population, and it slightly increased with
the level of coffee consumption, and hence it would not
have much impact on the results. There still exists a possibility
that the study results are influenced by some residual confoun-
ders, such as family history of diabetes, on which information
is not available, which prevents us from making a definitive
conclusion.

The present study has several advantages. First, it was a
community-based study, and the participants were men and
women from a general Japanese population. The risk of
diabetes in relation to the consumption of coffee and tea
was prospectively evaluated after controlling for potential
confounders in a multivariate model. The values of nutrient
intake and physical activity included in the model were
measured with a validated questionnaire. We evaluated the
association not only with coffee but also with other kinds of
tea and foods containing caffeine, including green tea, which
is commonly consumed in Japan. Caffeine intake was
estimated from coffee, tea and chocolate snacks and was
evaluated separately from coffee consumption.

In summary, a modest inverse association between coffee
consumption and risk of development of diabetes was
observed among men and women in a community-based
cohort from the general Japanese population. Green tea con-
sumption and total caffeine intake appeared to have no
relationship with the risk of diabetes. It was suggested that
the association of coffee consumption with risk of diabetes
was separate from the influence of caffeine intake on the
risk. Further studies may be needed to investigate which sub-
stances in coffee play a role in the beneficial effect on the risk
of diabetes, as well as the association of tea and chocolate
snack consumption with the risk.
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Diet Based on the Japanese Food Guide Spinning
Top and Subsequent Mortality among Men and
Women in a General Japanese Population
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ABSTRACT

Background The Japanese Food Guide Spinning Top was
developed by the Japanese Ministry of Health, Labor, and
Welfare and the Ministry of Agriculture, Forestry, and
Fishery to promote healthful diets.

Objective Adherence to the Japanese Food Guide Spinning

Top was evaluated in terms of future mortality in a pro- .

spective cohort study.

Design A prospective cohort study among men and women
in a general Japanese population.

Subjects/setting The cohort consisted of 13,355 men and
15,724 women residing in Takayama, Japan, in 1992. At
baseline, a food frequency questionnaire was administered,
and adherence to the food guide was measured based on
consuming the recommended number of servings of grains,
vegetables, fish and meat, milk, and fruits, as well as total
daily energy intake and energy from snacks and alcoholic
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beverages. Higher scores indicated better adherence to the
recommendations on a scale of 0 to 70. Based on data ob-
tained from the Office of the National Vital Statistics,
deaths occurring among members of the cohort were pro-
spectively noted from 1992 to 1999.

Statistical analyses performed To assess the magnitude of
association of adherence scores with subsequent mortality,
a Cox proportional hazard model was applied to estimate
hazard ratios (HRs) with 95% confidence intervals (Cls).
Results Among women, the adherence score was signifi-
cantly associated with a lower risk of mortality from all
causes (comparing highest and lowest quartiles of the score,
HR 0.78, 95% CI 0.65 to 0.94, P for trend 0.01) in a multi-
variate analysis; noncardiovascular, noncancer causes (HR
0.69, 95% CI 0.50 to 0.96, P for trend 0.04) and cardiovas-
cular disease (HR 0.76, 95% CI 0.56 to 1.04, P for trend
0.05). No statistically significant association was observed
between the adherence score and mortality among men.
Conclusions The results suggest that diets based on the
food guide have the benefit of reducing future mortality in
women.

J Am Diet Assoc. 2009;109:1540-1547.

_ & in Western countries because of the low rate of cor-

%# onary heart disease and the long life expectancy in
Japan (1-3). The Japanese Food Guide Spinning Top was
introduced in 2005 by the Japanese Ministry of Health,
Labor, and Welfare and the Ministry of Agriculture, For-
estry, and Fishery (see the Figure). This pictorial food
guide is based on the Dietary Guidelines for Japanese,
which was drawn up in 2000 by the former Ministry of
Education, the former Ministry of Health and Welfare,
and the Ministry of Agriculture, Forestry and Fishery.
The aim of the Japanese Food Guide Spinning Top is to
provide recommended food choices and quantities for a
healthful diet that can be easily adopted by the Japanese
public (4,5). The food guide may be developed based on a
common Japanese meal consisting of rice (gohan-mono),

§apanese diets have attracted considerable attention
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i
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Japanese Food Guide Spinning Top

Do you have a well-balanced diet?
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Figure. Graphic representation of the Japanese Food Guide Spinning Top. (Source: Japanese Ministry of Health, Labour and Welfare and Ministry
of Agriculture, Forestry and Fisheries [4].) NOTE: This figure is available online at www.adajournal.org as part of a PowerPoint presentation.

soup (such as miso or sumashi), a main dish (okazu), and
side dishes (tsukeawase). Although the guide was developed
to promote healthful diets for Japanese people, the health
benefits of following this guide have not been examined. The
aim of our study was to evaluate whether diets based on the
Japanese Food Guide Spinning Top are associated with
reduced total mortality and mortality from cardiovascular
disease, cancer, and noncardiovascular, noncancer causes in
a prospective cohort study among men and women in a
general Japanese population.

METHODS
Study Participants

The data were obtained from the Takayama Study in
Japan, the details of which have been described else-
where (6-8). Briefly, the study population was men and
women residing in Takayama city who were aged .35
years or older in 1992. At the baseline, a self-adminis-
tered questionnaire was distributed to 36,990 residents.
Among them, subjects who left four out of nine two-page
spreads or more all blank, who answered only 16 items or
fewer out of 173 food items, who were regarded to be
responded by the other person, who selected the food
frequency category of “Never” for all food items, or who
selected the food frequency category of “Once a day” or
“T'wo or more times a day” for continuous 40 food items or

over were excluded from the study (7). Furthermore, sub-
jects who reported to have staple food (any kind of rice,
bread, flour, or noodles) five times or more, meat seven
times or more, fish seven times or more, or ethanol 400
mL or more per day were excluded (7). After the exclu-
sion, the fixed cohort consisted of 31,552 subjects, 14,427
men and 17,125 women, yielding a response rate of
85.3%. Physician diagnoses of major diseases were re-
ported in the questionnaire. For this study, those who
reported cancer, myocardial infarction, angina, or stroke
were excluded from the cohort, and the final cohort for the
study consisted of 29,079 subjects, including 13,355 men
and 15,724 women.

Definition of Scores and Data Collection

The Japanese Food Guide Spinning Top consists of five
basic food group categories: grain dishes (including rice,
bread, and noodles), vegetable dishes (including vegeta-
bles, mushrooms, potatoes, and seaweed), fish and meat
dishes (including meat, fish, eggs, and soybeans), milk
(milk and milk products), and fruits (fruits and 100%
fruit juice counted as half the weight) (Figure). The
amount of a particular type of food that counts as a
serving is estimated in the food guide. One serving of
grain dish is composed of about 40 g carbohydrates. In
one serving of a vegetable dish, the main ingredient

September 2009 @ Journal of the AMERICAN DIETETIC ASSOCIATION 1541



Table 1. The recommended serving number and caloric intake per day for adults in the Japanese Food Guide Spinning Top
Age and Level of Physical Activity _ . Snacks and
Grain Vegetable  Fish and alcoholic
Men Women dishes  dishes meat dishes Milk  Fruits  Total energy  beverages
(serving) (keal)
70 y or older 70 y or oider or 18-63  4-5 5-6 ‘3-4 2 2 1,800=200 0-200
y with low physical
activity
18-69 y with low 18-69 y with moderate  5-7 5-6 3-5 2 2 2,200+200 0-200
physical activity or higher physical
activity
18-69 y with — 7-8 6-7 4-6 2-3 2-3 2,600+200 0-200
moderate or
higher physical
activity

weighs about 70 g. One serving of a fish or meat dish
contains about 6 g protein, and one serving of milk con-
tains about 100 mg calcium. In one serving of fruits, the
main ingredient weighs about 100 g (9). The recom-
mended number of servings by food group and the recom-
mended total energy intake are specified according to sex,
age, and two levels of physical activity (Table 1). For this
study, low physical activity was defined as a metabolic
equivalents (METs)-hours per week level of less than 1.5
per week. About 25% of participants fell under this cate-
gory, and all such participants had 0 METs-hours per
week. Also in the food guide, the recommended number of
kilocalories from snacks and alcoholic beverages together
is set at 200 kcal/day for all people.

Based on the above recommended number of servings
of the five food groups and two additional groups (energy
from total diet and energy from snacks or alcoholic bev-
erages), the scores measuring adherence to this food
guide were retrospectively calculated from the informa-
tion in food frequency questionnaire (FFQ). A person who
consumed the recommended number of servings from any
of five food groups or the recommended energy from ei-
ther of the two additional groups received a score of 10 for

that group. For a person who exceeded or fell short of the -

recommended servings or energy, the score was calcu-
lated proportionately between 0 and 10. For example, if a
person consumed three of the recommended five to six
servings of vegetables, the score was calculated as (10x3/
5=6). Likewise, if a person consumed eight servings of
fish and meat when the recommendation was three to five
servings, the score was (10-10x[8-5)/5=4). When the
calculation produced a negative score because of excess
servings or energy, the score was converted to 0.

The FF'Q was administered at the baseline of the cohort
study in 1992. It was in a semiquantitative format mea-
suring 169 food items, and validated for intake of major
foods and nutrients (6). From the FFQ, total daily energy
intake and intake of each nutrient and food item were
estimated according to the Japanese Standard Tables of
Food Composition, 5th edition, published by the Science
and Technology Agency of Japan. Detailed information on
the FFQ, including its validity and reproducibility, is
described elsewhere (6-8). In a previous comparison of the
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outcomes of this FFQ with those of a 3-day food record,
overestimates (meat, eggs, milk, vegetables, soy, as well
as alcohol for men and women, and snacks for men), and
underestimates (fish for men and snacks for women) of
intake were observed. Such overestimations or underes-
timations were adjusted in the current data. Although
the FFQ was administered at the baseline, the estimation
of the score was conducted retrospectively because the
food guide was issued after the cohort study was planned.

Information on baseline characteristics of the study
cohort, such as age, height, weight, cigarette smoking,
use of medication, and education level, was reported in
the questionnaire at the baseline. For women, informa-
tion about menopausal status was requested in the ques-
tionnaire. The level of regular physical activity was esti-
mated based on the average hours per week spent
performing various kinds of activities during the past
year as reported in the questionnaire, and the number
was translated into the METs-hours per week (10).

Ascertainment of Mortality

‘Deaths in the cohort were recorded between September

1992 and December 1999. After obtaining permission to
review the death data from the Ministry of Internal Af-
fairs and Communication, causes and dates of death were
confirmed based on data from the Office of the National
Vital Statistics. The Statistics and Information Depart-
ment of the Japanese Ministry of Health and Welfare
obtained all the causes of deaths, which were coded ac-
cording to the International Classification of Diseases,
10th Revision. Those already coded according to the In-
ternational Classification of Diseases, 9th Revision (1992-
1994) were converted into International Classification of
Diseases, 10th Revision. The major endpoint of this study
was mortality from all causes, cardiovascular disease (100
through 199 and Q25 through Q28), cancer (C00
through C97), and mortality from noncardiovascular,
noncancer causes. This study was approved by the Eth-
ics Committee at Gifu University Graduate School of
Medicine.



Table 2. Baseline characteristics of 13,355 men and 15,724 women by quartile of the score on adherence to the Japanese Food Guide Spinning
Top in Takayama Study, Japan
Quartile of the Score
1 2 3 4 P value®
Men
Median score 29.5 37.0 42.8 49.8
«——————mean= standard deviation
Age (y) 531%122 53.1+118 54.1+12.1 55.7+12.2 <0.01
Body mass index 22.7*29 226+27 224+27 22.3*x28 <0.01
Physical activity (metabolic equivalents-h/wk) 31.2+464 27.2x410 25.4+401 244378 <0.01
%
Currently married® 91.1 90.4 91.3 93.0 <0.01
Education 12 years or longer® 39.2 43.0 442 451 <0.01
Cigarette smoking status® <0.01
Never smoker 12.3 15.0 18.0 22.0
Current smoker 62.8 59.2 53.2 449
Former smoker 25.0 25.8 28.9 33.2
Aspirin use within half year 50 38 38 37 0.02
Hypertension 20.5 19.4 17.7 18.0 0.01
Diabetes 50 5.1 59 7.8 <0.01
Women
Median score 33.0 418 47.4 53.6
- meanz standard deviation
Age (y) 54,5+13.0 547+13.3 55.2%+13.0 56.1+12.7 <0.01
Body mass index 22130 21.9%29 22.0+29 21.8x29 <0.01
Physical activity (metabolic equivalents-h/wk) 18.1+30.1 18.028.8 19.3+29.3 19.9+30.3 <0.01
%
Currently married® 74.4 75.9 75.4 75.1 0.51
Education 12 years or longer® 67.4 66.2 66.0 65.1 0.20
Cigarette smoking status® <0.01
Never smoker 78.6 80.9 84.0 86.6
Current smoker 17.1 14.3 11.5 9.5
Former smoker 4.29 48 4.4 3.9
Aspirin use within half year 8.8 6.9 6.4 49 <0.01
Hypertension 16.1 17.7 18.0 17.5 0.12
Diabetes 2.0 2.5 2.8 35 <0.01
Postmenopausal 55.7 56.5 59.9 63.4 <0.01
*0One-way analysis of variance for continuous variables and y? test for categoricai variables.
®Only individuals whose information is available are included. Currently married: n=13,226 for men and n=15,469 for women, education in years: n=13,194 for men and n=15,477
for women, and current cigarette smokers: n=12,969 for men and n=14,080 for women.

Statistical Analysis

The scores on the food guide were analyzed by quartile.
The intake of each nutrient was logarithmically trans-
formed to approximately normalize the distribution and
was adjusted for total energy intake using the regres-
sion analysis proposed by Willett (11) to minimize the
effect of an association between total energy intake and
mortality. While controlling for age, the partial corre-
lation coefficients between the intake of each nutrient
and the adherence score was calculated. The back-
transformed (geometric) mean for each nutrient intake
was obtained to determine differences in scores among
guartiles.

To assess the magnitude of association of adherence

scores with subsequent mortality, a Cox proportional haz-
ard model was applied to estimate hazard ratios with
95% confidence intervals. To evaluate the linear trend
with mortality, the adherence score was entered in re-
gression models as a continuous variable. Both an age-
adjusted model and a multivariate model adjusting for
possible confounders: age, body mass index (in kilograms/
meters?, classified into quintile groups or a group of miss-
ing value), smoking status (current, past, never smoked,
or status missing), physical activity, education (12 years
or longer, or not), reported history of hypertension and di-
abetes, and women’s menopausal status was considered. All
the statistical analyses were performed with SAS software
(version 9.1, 2004, SAS Institute Inc, Cary, NC).
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Table 3. Daily nutrients intake by quartile of the score on adherence to the Japanese Fopd Guide Spinning Top in Takayama Study, Japan
Men (n=13,355) Women (n=15,724)
Geometric Mean® Geometric Mean®
Quartite of the Score Quartile of the Score
1 2 3 4 ) pb 1 2 3 4 pb
Total energy (kcal)® 3,182 2,598 2,370 2,294 —-0.44 2,782 1,993 1,885 1,829 —-0.58
Carbohydrate (g) 331 341 352 364 0.25 297 296 295 295 -0.03
Total fat intake (g) 5.0 52.7 55.3 58.7 0.19 46.8 49.1 50.9 51.9 0.17
Saturated fat (g) 135 14.2 15.3 16.8 0.27 12.9 13.4 141 147 0.17
Monounsaturated fat (g) 17.7 18.2 18.8 19.6 0.14 15.9 16.6 17.0 17.2 0.13
Polyunsaturated fat (g) 14.3 145 14.9 154 0.10 13.1 135 13.8 14.0 0.10
Salt (g) 12.8 12.6 13.0 13.6 0.06 11.6 1.7 12.1 12.6 0.10
Cholesterol (mg) 350 350 359 37 0.05 286 304 317 326 0.14
Protein (g) 84.7 847 87.2 90.4 0.12 734 74.8 76.8 77.9 0.13
Dietary fiber (g) 13.2 13.6 14.7 16.9 0.26 141 14.0 15.1 16.8 0.17
Calcium {mg) 568 595 666 776 0.33 581 601 663 725 0.22
Vitamin A (IU) 828 859 949 1,118 0.24 857 887 977 1,122 0.21
Vitamin C {(mg) 110 118 129 151 0.25 118 120 130 147 017
Vitamin E (mg) 9.3 9.4 9.9 10.7 0.17 9.2 9.3 9.6 10.1 0.12
Folate (u.g) 393 397 420 469 0.19 387 386 414 456 0.16
*Values for nutrient intake are energy adjusted.
bCorrelation with the score on the food guide, partially controlling for age. Each nutrient intake was log transformed and adjusted for total energy intake.
“Arithmetic means of raw values.

RESULTS
The mean scores for adherence to the food guide were
39.6 among men and 43.6 among women. Baseline char-
acteristics of the study participants across quartile cate-
gories for the adherence score on the food guide are pre-
sented in Table 2. Participants with high scores were less
likely to smoke, more likely to have 12 or more years of
education, and more likely to be diagnosed with diabetes.
The adherence score on the food guide was significantly
associated with age, and older participants were more
likely to obtain a higher score. Daily servings of meat and
fish were likely to exceed the recommended number (72%
of men and 62% of women with exceeding the recom-
mended number), whereas milk intake was less likely to
reach the recommended serving number (79% of men and
64% of women with below the recommended serving num-
ber). Individuals with high physical activity levels have
high total energy intake, especially among men (correla-
tion coefficients between total energy intake and METs-
hours per week were 0.16 among men and 0.08 among
women). Table 3 presents the geometric mean of energy-
adjusted nutrient intake for each quartile of the adher-
ence score, and the correlation between nutrient intake
and adherence score.

The relation of the adherence score to subsequent mor-
tality is presented in Table 4. Among women, the risks of
mortality from all causes, and noncardiovascular, non-
cancer causes were significantly lower for women in the
highest quartile compared to those in the lowest quartile
of the adherence score, and the analysis of linear trend
. also showed inverse associations. A significant associa-
tion between the risk of mortality from cardiovascular
diseases and the adherence score was also observed in the
trend analysis among women. Such associations observed
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in the age-adjusted model were even stronger in the mul-
tivariate model. Among men, no significant association
was observed between the adherence score and later mor-
tality.

DISCUSSION

The results of this prospective study among a general
Japanese population imply that diets based on the Japa-
nese Food Guide Spinning Top have a beneficial influence
on future mortality among women. With higher adher-
ence scores among women, reductions in mortality from
all causes and noncardiovascular, noncancer related
causes were observed, and a weak reduction in mortality

- from cardiovascular disease was also observed. No rela-

tion to mortality from cancer was observed among men or
women.

The Healthy Eating Index (HEI) is an index of overall
diet quality, developed in the United States based on
1990 US Dietary Guidelines and the 1992 US Depart-
ment of Agriculture Food Guide Pyramid (12). Half com-
ponents of HEI were calculated based on conformity to
the recommended serving of five food groups: grains, veg-
etables, fruits, milk, and meat. These food groups showed
a resemblance to the components of the Japanese Food
Guide Spinning Top. Although MyPyramid food guide
was released later in United States, its similarity with
the Japanese Food Guide Spinning Top was still noted
(13). HEI was associated with a small reduction in car-
diovascular disease risk among men but was not associ-
ated with cancer risk among either men or women
(14,15). HEI score was updated later as a nine-component
Alternate Healthy Eating Index (AHEI) and better pre-
dicted chronic disease risk than the HEI (16). AHEI



Table 4. Hazard ratio (HR) of mortality by quartile of the scores on adherence to the Japanese Food Guide Spinning Top among 13,355 men
and 15,724 women in the Takayama Study, Japan .

Quartile of Score Based on the Food Guide
Mortality 1 2 3 4 P for trend®
Men
Ail causes .
No. of deaths 287 257 274 345
Age-adjusted HR (95% confidence interval) 1 0.91 (0.77-1.08) 0.88 (0.75-1.04) 1.00 {0.85-1.17) 0.98
Multivariate HR (95% confidence interval)® 1 0.90 (0.76-1.06) 0.87 (0.73-1.02) 1.01(0.86-1.19 0.91
Cardiovascular disease
No. of deaths 75 66 72 95
Age-adjusted HR (95% confidence interval) 1 0.90 (0.64-1.25) 0.89 (0.64-1.22) 1.05 (0.77-1.42) 0.75
Multivariate HR (95% confidence interval)® 1 0.90 (0.64-1.25) 0.86 (0.62-1.20) 1.06 (0.78-1.45) 0.70
Cancer
No. of deaths 95 93 97 115
Age-adjusted HR (95% confidence interval) 1 0.99 (0.74-1.32) 0.95 (0.72-1.26) 1.02 (0.78-1.34) 0.94
Multivariate HR (95% confidence interval)® 1 0.98 (0.73-1.30) 0.95(0.71-1.26) 1.05 (0.80-1.39) 0.76
Other (noncardiovascular, noncancer)
No. of deaths 17 98 105 135
Age-adjusted HR (95% confidence interval) 1 0.85(0.65-1.11) 0.83(0.64-1.08) 0.95(0.74-1.22) 0.71
Muitivariate HR (95% confidence interval)® 1 0.83 (0.63-1.08) 0.80 (0.61-1.04) 0.94 (0.73-1.21) 0.24
Women
All causes
No. of deaths 240 227 221 211
Age-adjusted HR (95% confidence interval) 1 0.91(0.76-1.09) 0.86 (0.72-1.03) 0.79 (0.66-0.95) 0.01
Multivariate HR (95% confidence interval)® 1 0.87 (0.73-1.05) 0.86 (0.72-1.04) 0.78 (0.65-0.94) 0.01
Cardiovascular disease
No. of deaths 88 92 73 74
Age-adjusted HR (95% confidence interval) 1 0.99 (0.74-1.33) 0.77 (0.57-1.06) 0.77 (0.56-1.04) 0.04
Multivariate HR (95% confidence interval)® 1 0.95(0.71-1.28) 0.79 (0.58-1.08) 0.76 (0.56-1.04) 0.05
Cancer
No. of deaths 69 49 66 70
Age-adjusted HR (95% confidence interval) 1 0.69 (0.48-0.99) 0.90 (0.64-1.26) 0.92 (0.66-1.28) 0.82
Multivariate HR (95% confidence interval)® 1 0.68 (0.47-0.98) 0.89 (0.64-1.26) 0.92 {0.66-1.29) 0.84
Other (noncardiovascular, noncancer)
No. of deaths 83 86 83 67
Age-adjusted HR (95% confidence interval) 1 0.99 (0.73-1.34) 0.93 (0.69-1.26) 0.73 (0.53-1.00) 0.06
Multivariate HR (95% confidence interval)® 1 0.94 (0.69-1.27) 0.93 (0.68-1.26) 0.69 (0.50-0.96) 0.04
To test for the linear trend with mortality, the median value of the score based on the food guide per quartile was used.
bAdjusted for age, body mass index, smoking status {current, past, never smoker, or status missing), physical activity {metabolic equivalents-h/wk), education (12 years or longer or
not), history of hypertension and diabetes, and women's menopausal status.
NOTE: information from this fable is avaitabie online at www.adajournal.org as part of a PowerPoint presentation.

added several new components. One such component is
that if appropriate serving of alcohol consumption was
maintained, which was similarly considered in the Japa-
nese Food Guide Spinning Top. In a prospective cohort
study among women in the United States (age range 40 to
93 years, 87% white), the association of the risk of mor-
tality with a Recommended Food Score based on dietary
guidelines was evaluated, and the Recommended Food
Score was inversely associated with all causes of mortal-
ity (17). The National Health Interview Surveys in the
United States (18) showed that the recommended Foods
and Behavior score, which reflects the recommended
foods and dietary behaviors, modestly reduced the risk of
future mortality among men and women. In the First
National Health and Nutrition Examination Survey Ep-
idemioclogic Follow-up Study in the United States, dietary

diversity based on five food groups similar to those in our
study was measured, and its inverse association with
all-cause mortality (19) and with mortality from cardio-
vascular disease, cancer (except in women), and noncar-
diovascular, noncancer causes (20) were reported. Con-
sidering the similarity in some of the patterns of
recommended food groups, the results of our study were
comparable to these studies. The measures used in these
studies did not thoroughly consider the overconsumption
of each component of a food group. The results of our
study suggest that, to reduce the risk of mortality, the
appropriate consumption of food in each category is im-
portant. One previous study using a healthful diet indi-
cator defined by the World Health Organization dietary
guidelines analyzed overconsumption by defining an in-
dicator for a healthful diet as consumption of each nutri-

September 2009 e Journal of the AMERICAN DIETETIC ASSOCIATION 1545



ent or food group within the recommended range. The
results showed that the indicator was inversely associ-
ated with mortality (21).

The results of our study indicate that diets based on the
food guide are not associated with a risk of mortality from
cancer. It was previously reported that diets in accor-
dance with the food guidelines or food patterns based on
recommended consumption from food groups were asso-
ciated with a lowered risk of esophageal cancer (22,23)
and estrogen receptor-negative breast cancer (24). Simi-
larly, in terms of cancer risk, the benefit of diets based on
the Japanese Food Guide Spinning Top might be limited
to cancer at specific sites. Using some of the diet recom-
mendations published by the American Institute for Can-
cer Research, the authors of one study suggested that
adherence to the recommendations reduced the risk of
cancer incidence but reduced the risk of cancer mortal-
ity to a lesser degree (25). Likewise, the benefit in
terms of cancer risk of diets based on the Japanese food
guide may be limited to the incidence of cancer. A
further assessment of this issue was not conducted due
to the unavailability of data on the incidence of cancer
in all sites.

No benefit of dietary adherence was observed among
men in our study considering that the overall mean ad-
herence score was lower among men than that among
women. The scores might not have been high enough to
derive benefits from diets based on the food guide among
men in our study. Alternatively, men with high levels of
physical activity may need a higher allowance of energy
intake than that recommended in the food guide. The
level of physical activity was higher among men than
among women and was positively associated with an in-
creased amount of total energy intake. Such an excess
intake of energy lowered the adherence score. Two levels
of physical activity (low level and moderate or higher
level) were defined in the food guide in association with
the levels of energy intake, but additional categories for
people with higher levels of physical activity may be
needed. Moreover, the score on the food guide was posi-
tively correlated with the consumption of saturated fat,
and the association was stronger among men than among
women. In the Japanese Food Guide Spinning Top, there

is no recommendation for restricting dietary fat, whereas -

the HEI and AHEIT based on US guidelines considers fat
intake. The intake of saturated fat is a major risk factor
for cardiovascular disease (26,27), which could explain
the less-pronounced association between the adherence
score and mortality in our study. Nevertheless, fat is one
of the major sources of energy (11), and the consideration
of total energy intake in the Japanese food guide might
substitute for the need to consider fat intake to a certain
degree. Further reasons for the observed differences be-
tween men and women may be biological or sex-based in
regard to some uncontrolled confounders.

The adherence scores in this study were positively cor-
related with the intake of some micronutrients estimated
from the FFQ after adjustment for total energy intake.
Therefore, diets based on the food guide are likely to meet
micronutrients requirements, which could explain the
reduced mortality found in our study. As in this study, a
study based on the third National Health and Nutrition
Examination Survey showed that HEI scores were posi-
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tively correlated with a wide range of blood nutrients that
were biomarkers of fruit and vegetable intake, such as
serum folate, vitamins C and E, and carotenoids (28),
Limitations of this study include the fact that the FFQ
was not specifically designed to measure adherence to
this specific food guide. Although the FFQ was validated
for major food and nutrient intakes, it is uncertain
whether using the FFQ to measure adherence to the food
guide was appropriate. The Japanese Food Guide Spin-
ning Top was originally developed for easy use in the
actual diets of the general Japanese public (5), not for
academic research. The score on the food guide was ret-
rospectively assigned after the follow-up of the study.
However, this may not give the prominent influence to
the study result because each component of the score was
derived from the information in the FFQ, administered at
the baseline of the study with using the provided defini-
tions. In addition, the information in deaths occurred was
not updated after 1999, and the data may have limited
power to detect the association with the mortality.

CONCLUSIONS

This study examined the quality and quantity of total
dietary intake and its relationship to health by measur-
ing adherence to the Japanese Food Guide Spinning Top.
The results are suggestive of a reduced risk of mortality
from cardiovascular disease, noncardiovascular, noncan-
cer causes, and all causes among women. The associa-
tions for men and the effects on the risk of cancer for men
or women remain unclear. A further assessment of the
benefit of the diets based on the food guide in relation to
biomarkers or risk factors in major chronic disease would
be interesting.

STATEMENT OF POTENTIAL CONFLICT OF INTEREST:
No potential conflict of interest was reported by the au-
thors.

FUNDING/SUPPORT: This study was supported in
part by grants from the Ministry of Education, Science,
Sports, and Culture, Japan.

References

1. United Nations. World Population Prospects; The 2006 Revision. New
York, NY: United Nations; 2006.

2. Nakaji 8, MacAuley D, O'Neill S, McNally O, Baxter D, Sugawara K.
Life expectancies in the United Kingdom and Japan. J Public Health
Med. 2003;25:120-124.

3. Weiss JE, Mushinski M. International mortality rates and life expect-
ancy: Selected countries. Stat Bull Metrop Insur Co. 1999;80:13-21.

4. Food Guide Study Group, The Ministry of Health, Labour and Welfare
and the Ministry of Agriculture, Forestry and Fisheries. Report of the
Food Guide Study Group: Food Guide Spinning Top, 2005 [in Japa-
nese]. http://www j-balanceguide.com/. Accessed October 24, 2008.

5. Yoshiike N, Hayashi F, Takemi Y, Mizoguchi K, Seino F. A new food
guide in Japan: The Japanese Food Guide Spinning Top. Nutr Rev.
2007;65:149-154.

6. Shimizu H, Ohwaki A, Kurisu Y, Takatsuka N, Ido M, Kawakami N,
Nagata C, Inaba S. Validity and reproducibility of a quantitative food
frequency questionnaire for a cohort study in Japan. Jpn J Clin Oncol.
1999;29:38-44.

7. Shimizu H. The Basic Report on Takayama Study. Gifu, Japan: De-
partment of Public Health, Gifu University School of Medicine; 1996.

8. Oba S, Shimizu N, Nagata C, Shimizu H, Kametani M, Takeyama N,
Ohnuma T, Matsushita S. The relationship between the consumption
of meat, fat, and coffee and the risk of colon cancer: A prospective
study in Japan. Cancer Lett. 2006;244:260-267.

9. The Ministry of Health, Labour and Welfare and the Ministry of



10.

11.

12.

13.

14.

15.

16,

17.

18.

Agriculture, Forestry and Fishery. The checklist book for your every-
day diet {in Japanese]. 2005. hitp:/www mhlw.go.jp/bunya/kenkow/
eiyou-syokuji.html. Accessed October 24, 2008.

Suzuki I, Kawakami N, Shimizu H. Reliability and validity of a
questionnaire for assessment of energy expenditure and physical
activity in epidemiological studies. J Epidemiol. 1998;8:152-159. Sup-
plemental material published in J Epidemiol. 2002;12:54.

Willett WC. Implications of total energy intake for epidemiologic
analyses. In: Willett WC, ed. Nutritional Epidemiology. New York,
NY: Oxford University Press; 1990, 245-271.

Kennedy ET, Ohls J, Carlson S, Fleming K. The Healthy Eating
Index: Design and applications. J Am Diet Assoc. 1995;95:1103-1108.
Murphy SP, Barr SL. Food guides reflect similarities and differences
in dietary guidance in three countries (Japan, Canada, and the
United States). Nutr Rev. 2007;65:141-148.

McCullough ML, Feskanich D, Rimm EB, Giovannucci EL, Ascherio
A, Variyam JN, Spiegelman D, Stampfer MJ, Willett WC. Adherence
to the Dietary Guidelines for Americans and risk of major chronic
disease in men. Am J Clin Nutr. 2000;72:1223-1231.

McCullcugh ML, Feskanich D, Stampfer MJ, Rosner BA, Hu FB,
Hunter DJ, Variyam JN, Colditz GA, Willett WC. Adherence to the
Dietary Guidelines for Americans and risk of major chronic disease in
women. Am J Clin Nutr. 2000;72:1214-1222.

McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm
EB, Hu FB, Spiegelman D, Hunter DJ, Colditz GA, Willett WC. Diet
quality and major chronic disease risk in men and women: Moving
toward improved dietary guidance. Am J Clin Nutr. 2002;76:1261-
1271.

Kant AK, Schatzkin A, Graubard B, Schairer C. A prospective study
of diet quality and mortality in women. JAMA. 2000;283:2109-2115.
Kant AK, Graubard BI, Schatzkin A. Dietary patterns predict mor-
tality in a national cohort: The National Health Interview Surveys,
1987 and 1992. J Nutr. 2004;134:1793-1799.

19.

20.

21.

22.

23.

24.

25.

26.
27,

28.

September 2009 @ Journal of the AMERICAN DIETETIC ASSOCIATION

Kant AK, Sc¢hatzkin A, Harris TB, Ziegler RG, Block G. Dietary
diversity and subsequent mortality in the First National Health and
Nutrition Examination Survey Epidemiologic Follow-up Study. Am J
Clin Nutr, 1993;57:434-440.

Dietary diversity and subsequent cause-specific mortality in the
NHANES I epidemiologic follow-up study. J Am Coll Nutr. 1995;14:
233-238.

Huijbregts P, Feskens E, Risinen L, Fidanza F, Nissinen A, Menotti
A, Kromhout D. Dietary pattern and 20 year mortality in elderly men
in Finland, Italy, and The Netherlands: Longitudinal cohort study.
BMJ. 1997:315:13-17.

Tuyns Ad, Riboli E, Doornbos G, Péquignot G. Diet and esophageal
cancer in Calvados (France). Nutr Cancer. 1987;9:81-92.

Ziegler RG, Morris LE, Blot WJ, Pottern LM, Hoover R, Fraumeni JF
Jr. Esophageal cancer among black men in Washington, D.C. II. Role
of nutrition. J Natl Cancer Inst. 1981;67:1199-1206.

Fung TT, Hu FB, McCullough ML, Newby PK, Willett WC, Holmes
MD. Diet quality is associated with the risk of estrogen receptor-
negative breast cancer in postmenopausal women. J Nutr. 2006;136:
466-472.

Cerhan JR, Potter JD, Gilmore JM, Janney CA, Kushi LH, Lazovich
D, Anderson KE, Sellers TA, Folsom AR. Adherence to the AICR
cancer prevention recommendations and subsequent morbidity and
mortality in the lowa Women’s Health Study cohort. Cancer Epide-
miol Biomarkers Prev. 2004;13:1114-1120. )

Labarthe DR. Epidemiology and Prevention of Cardicvascular Dis-
eases. Gaithersburg, MD: Aspen; 1998.

Willett WC. Diet and health: What should we eat? Science. 1994;264:
532-537.

Weinstein SJ, Vogt TM, Gerrior SA. Healthy Eating Index scores are
associated with blood nutrient concentrations in the third National
Health And Nutrition Examination Survey. J Am Diet Assoc. 2004;
104:576-584.

1547



Downloaded from gutbmj.com on 17 November 2009

! Epidemiology and Prevention
Division, Research Center for
Cancer Prevention and
Screening, National Cancer
Center, Tokyo, Japan;
2Department of Preventive
Medicine/Biostatistics and
Medical Decision Making,
Nagoya University Graduate
School of Medicine, Nagoya,
Japan; 3 Division of Epidemiology
and Prevention, Aichi Cancer
Center Research Institute,
Nagoya, Japan; * Division of
Epidemiology, Department of
Public Health and Forensic
Medicine, Tohoku University
Graduate School of Medicine,
Sendai, Japan; ° Department of
Preventive Medicine, Faculty of
Medicine, Saga University,
Saga, Japan; ®Department of
Epidemiology and International
Health, Research Institute,
international Medical Center of
Japan, Tokyo, Japan,

7 Department of Epidemiology
and Preventive Medicine, Gifu
University Graduate School of
Medicine, Gifu, Japan;

® epartment of Public Health,
Aichi Medical University School
of Medicine, Aichi, Japan

Correspondence to:

Dr M Inoue, Epidemiotogy and
Prevention Division, Research
Center for Cancer Prevention
and Screening, National Cancer
Center, 5-1-1 Tsukiji, Chuo-ku,
Tokyo 104-0045 Japan;
mnminoue@ncc.go.jp

Members of the Research Group
for the Development and
Evaluation of Cancer Prevention
Strategies in Japan are listed at
the end of the paper.

Revised 8 April 2009
Accepted 16 May 2009
Published Online First

7 June 2009

Green tea consumption and gastric cancer in
Japanese: a pooled analysis of six cohort studies
M Inoue,’ S Sasazuki,' K Wakai,? T Suzuki,? K Matsuo,® T Shimazu,™* | Tsuji,*

K Tanaka® T Mizoue.® C Nagata,” A Tamakoshi® N Sawada,' S Tsugane,' for the
Research Group for the Development and Evaluation of Cancer Prevention Strategies in

Japan

ABSTRACT

Background: Previous experimental studies have sug-
gested many possible anti-cancer mechanisms for green
tea, but epidemiological evidence for the effect of green
tea consumption on gastric cancer risk is conflicting.
Objective: To examine the association between green
tea consumption and gastric cancer.

Methods: We analysed original data from six cohort
studies that measured green tea consumption using
validated questionnaires at baseline. Hazard ratios {HRs)
in the individual studies were calculated, with adjustment
for a common set of variables, and combined using a
random-effects model.

Results: During 2 285 968 person-years of follow-up for
a total of 219 DBO subjects, 3577 cases of gastric cancer
were identified. Compared with those drinking <1 cup/
day, no significant risk reduction for gastric cancer was
observed with increased green tea consumption in men,
even in stratified analyses by smoking status and subsite.
in women, however, a significantly decreased risk was
observed for those with consumption of =5 cups/day
{multivariate-adjusted pooled HR = 0.79, 95% confidence
interval {Cl) = 0.85 to 0.96). This decrease was also
significant for the distal subsite {HR = 0.70, 35%

Cl'= 0.50 to 0.96). In contrast, a lack of association for
proximal gastric cancer was consistently seen in both
men and women.

Conclusions: Green tea may decrease the risk of distal
gastric cancer in women.

Green tea is one of the most popular beverages in
the world and is widely consumed in Japan.! Green
tea contains polyphenolic antioxidants, such as
epigallocatechin gallate, which are thought to
contribute to cancer prevention? Early case—con-
trol studies found a reduced risk of gastric cancer in
association with the consumption of green tea,*’
while previous in vitro and in vivo studies
suggested many possible anti-cancer mechanisms
for green tea. Together, these findings suggest that
the consumption of green tea is associated with a
decreased risk of gastric cancer.?

To date, however, epidemiological evidence for
the effect of green tea consumption on cancer risk
is conflicting. The recent review of the World
Cancer Research Fund in 2007 did not support a
possible protective effect of green tea against cancer,®
and, presently, there is no convincing evidence to

support a role for green tea in cancer prevention. In.

particular, several recent large-scale population-
based cohort studies in Japan, established before

Gut 2009;58:1323-1332. doi:10.1136/gut.2008.166710

180

the mid-1990s and with long-term follow-up, have
actively examined the association between green tea
consumption and the risk of gastric cancer>™ As to
results, however, these studies, which were prospec-
tive in design and thus free from recall and selection
biases, provide no overall support for the idea that
increased consumption of green tea protects against
gastric cancer.” ‘

Although Japanese tend to consume green tea in
a similar manner and the studies estimated
consumption dose using similar questions, the
studies nevertheless varied in the factors used to
adjust for potential confounders and in stratifica-
tion. One finding was a difference in effect by sex.
This may be noteworthy but is yet to be clarified,
with some studies showing a decreasing risk
tendency in women,’ ™ ** albeit that the strength
of the effect appeared to be modest, if it exists at
all. The null association in men may, in part, reflect
insufficient adjustment for confounding factors such
as cigarette smoking. Likewise, differences in the
effect of green tea by subsite” may point to an
inconsistent effect on gastric cancer overall
However, evidence for such specific issues is sparse,
probably due to the relatively small number of
gastric cancer cases occurring in the upper subsite
among cohorts, particularly in women.

To better understand these issues, we conducted a
pooled analysis of several large-scale population-based
cohort studies in Japan on the association between
green tea consumption and gastric cancer risk.

METHODS

Study population

In 2006, the Research Group for the Development
and Evaluation of Cancer Prevention Strategies in
Japan initiated a pooling project using original data
from major cohort studies to evaluate the associa-
tion between lifestyle and major forms of cancer in
Japanese. Topics for the pooled analysis were
determined on the basis of discussion among all
authors from the viewpoint of both scientific and
public health importance. To maintain the quality
and comparability of data, we set inclusion critetia
for the present purpose a priori, namely popula-
tion-based cohort studies conducted in Japan;
started in the mid-1980s to mid-1990s; included
more than 30 000 participants; obtained informa-
tion on diet, including green tea consumption,
using a validated questionnaire at baseline; and
collected incidence data for gastric cancer during
the follow-up period. Six ongoing studies that met
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these criteria were identified: (1) the Japan Public Health
Center-based Prospective Study (JPHC)-1; (2) JPHC-IL;*¢ (3) the
Japan Collaborative Cohort Study (JACC);" (4) the Miyagi
Cohort Study (MIYAGI);™® (5) the Three Prefecture Study -
Miyagi portion (3-pref MIYAGI);* and (6) the Three Prefecture
Study - Aichi portion (3-pref AICHI).” JPHC was treated as
two independent studies (JPHC-I and JPHC-II) because of the
different questionnaire used at baseline. One area in JPHC-I and
one in JPHC-I, both in Okinawa Prefecture, were excluded
from the analysis since tea drinking habits in these areas differed
from the rest of Japan and were not comparable with other
areas. Further, with regard to JACC, since information on
cancer incidence was collected in only 24 of 45 study areas, data
from only those 24 areas were used.

We excluded data for subjects with missing information on
green tea consumption or a history of cancer at baseline.
Selected characteristics of these studies are presented in table 1.
Each study was approved by the relevant institutional review
board. Results on the association between green tea intake and
gastric cancer risk in these cohorts have been reported.® ° 12 3
For the present analysis, we used updated data sets with an
extended follow-up period.

Follow-up

Subjects were followed from the baseline survey (JPHC-I, 1990;
JPHC-II, 1993-1994; JACC, 1988-1990; MIYAGI, 1990; 3-pref
MIYAG], 1984; 3-pref AICHI, 1985) to the last date of follow-up
for incidence of gastric cancer in each study (JPHC-I, 2001; JPHC-
11, 2003-2004; JACC, 2001; MIYAGI, 2001; 3-pref MIYAGI, 1992;
3-pref AICHI, 2000). Residence status in each study, including
survival, was confirmed through the residential registry.

Case ascertainment

In all cohorts included in the present study, cancer diagnoses
were identified through population-based cancer registries and
active patient notification from major local hospitals. Although
the quality and completeness of the case ascertainment varied
by cohort, the overall percentage of cases registered from a
death certificate only was 8.7% and the estimated ascertain-
ment of cancer diagnoses was nearly 90%. Cases were coded
using the International Classification of Disease, Tenth
Revision,” or the International Classification of Diseases for
Oncology, Third Edition.” Study outcome was defined as
incident gastric cancer (code: C16) diagnosed during the follow-
up period of each study. In JPHC-I, JPHC-II, MIYAG], and 3-
pref MIYAGI, in which subsite information was routinely
collected, gastric cancers were also classified into proximal
(C16.0-C16.1) and distal subsite (C16.2-C16.6). In epidemiolo-
gical studies using Japanese populations, it is not practical to
restrict “cardia (C16.0)" in the analysis because clinical site in
gastric cancer diagnosis in Japan is based on the Japanese
Classification of Gastric Carcinoma,? in which tumour location
is usually described anatomically in three parts, namely upper
third, middle third, and lower third. In most cases this hampers
the clear division of the upper third into “cardia” and “fundus,”
unless the medical record provided extra information. For this
reason, we used the proximal subsite and distal subsite to
perform subsite-specific analysis.

Assessment of green tea consumption

In each study except JACC, the frequency and daily amounts of
green tea consumption were asked about in the self-adminis-
tered questionnaire in the same categories of almost none,
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1-2 days/week, 34 days/week, and almost daily (1-2 cups/
day, 3—4 cups/day, and =5 cups/day). In JACC, in contrast
daily consumption was asked about in terms of the actya
number of cups of green tea consumed each day so these dat,
were re-categorised into the same categories as the other studies
Spearman correlation coefficients for the correlation between
green tea consumption (g/day) estimated from the question.
naire and that from the dietary record were JPHC-1, 0.57 in men
and 0.63 in women;* JPHC-1], 0.39 in men and 0.48 in Women;*
JACC, 0.47;* and MIYAGI and 3-pref MIYAG], 0.71 in men ang
0.53 in women.” 3-Pref AICH]I, for which information on the
validation of green tea consumption was not available, utilised
the same questionnaire as 3-pref MIYAGI.

Statistical analysis

Person-years of follow-up were calculated from the date of the
baseline survey in each study to the date of diagnosis of gastric
cancer, migration from the study area, death, or the end of
follow-up, whichever came first. In each individual study, sex-
and area-(JPHC-I, JPHC-II, and JACC) adjusted hazard ratios
(HRs) (model 1) and 95% confidence intervals (95% CIs) for
gastric cancer were estimated for each green tea intake category
using a Cox proportional hazards model. Green tea consump-
tion of <1cup/day was used as reference category in
consideration of the fact that green tea is a common beverage
in Japan and very few people are non-consumers. Further
multivariate adjustments were made by including covariates in
the regression model which were either known or suspected risk
factors for cancer or had previously been found to be associated
with the risk of gastric cancer.® * The adjustments were made in
two ways: first for smoking (for men: never smoker, past
smoker, current smoker of 1-19 cigarettes/day, or current
smoker of =20 cigarettes/day; for women: never smoker, past
smoker, or current smoker), ethanol intake (never/former
drinker, occasional drinker (<once/week), regular drinker
(=once/week): for men: <23 g/day, 23 to <46 g/day, =46 g/day;
for women: <23 g/day, =23 g/day)), rice intake (<4 bowls/day,
=4 bowls/day), soy bean paste soup (<daily, daily), and coffee
intake (<1 cup/day, 1-2 cups/day, =3 cups/day) in addition to
adjustment in model 1 (model 2); second for pickled vegetable
intake (<weekly, 1-2 times/week, 3-4 times/week, daily) and
green-yellow vegetable intake (<weekly, 1-2 times/week,
3-4 times/week, daily) in addition to adjustment in model 2
(model 3). In estimation of HR by model 3, each cohort used
different food items for pickled vegetables and green—yellow
vegetables due to the different food items asked about in each
questionnaire. We further conducted stratified analysis by
smoking status, namely among never smokers and among
current smokers. Also, analyses confining the outcome to the
proximal or distal subsite were conducted using JPHC-I, JPHC-
11, MIYAGI and 3-pref MIYAGI, for which subsite information
was available. An indicator term for missing data was created
for each covariate. SAS (version 9.1) or Stata (version 10)
statistical software was used for these estimations.

A random-effects model was used to obtain a single pooled
estimate of the hazard ratios from the individual studies for each
category. The study-specific hazard ratios were weighted by the
inverse of the sum of their variance and the estimated between-
studies variance component. A study that had no cases for a
category was not included in the pooled estimate for that
category. The trend association was assessed in a similar manner:
investigators from each study calculated the regression coefficient
and its standard error of linear trend for green tea consumption
category treated as an ordinal variable. These values from the
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justed hazard ratios {HRs) and 95% confidence intervals {95% Cls) of gastric cancer incidence by green tea

Green tea consumption

3-4 cups/day

=5 cups/day

HR (95% Cl)

HR (95% Ci)

<1 cup/day 1-2 cups/day

Total HR {95% CI) HR (95% Ci)
Men
JPHC-

Model 2 1.00 {Reference) 0.85 {0.62 to 1.16)

Model 3 1.00 {Reference) 0.85 (0.62 to 1.17)
JPHCAI

Mode| 2 1.00 {Reference) 1.11 {0.81 to 1.51)

Mode! 3 1.00 (Reference) 1.11 {0.82 to 1.52}
JACC i

Model 2 1.00 {Reference} 0.81 {0.60 to 1.09)

Model 3 1.00 {Reference) 0.80 (0.59 10 1.08)
MIYAGI

Mode! 2 1.00 (Reference) 0.92 {0.69 to 1.22)

Model 3 1.00 {Reference) 0.90 (0.67 to 1.20)
3-pref MIYAGI

Model 2 1.00 {Reference) 1.24 (0.82 to 1.88)

Model 3 1.00 (Reference) 1.28 (0.84 to 1.94)
3-pref AICHI

Model 2 1.00 {Reference} 1.31 {0.76 t0 2.27)

Mode! 3 1.00 (Reference) 1.27 (0.74 t0 2.21)
Women
JPHC-I

Model 2 1.00 (Reference) 0.74 (0.44 to 1.23)

Model 3 1.00 {Reference) 0.75 {0.45 to 1.25)
JPHC-Il

Model 2 1.00 (Reference) 0.92 (0.55 to 1.54)

Model 3 1.00 (Reference) 0.93 (0.56 to 1.56)
JACC

Model 2 1.00 {Reference) 1.04 (0.71 to 1.54)

Model 3 1.00 (Reference) 1.04 (0.71 to 1.53)
MIYAG!

Model 2 1.00 (Reference) 0.83 (0.54 to 1.28)

Model! 3 1.00 {Reference) 0.81 {0.53 to 1.26)
3-pref MIYAGI

Model 2 1.00 (Reference} 0.81 {0.44 to 1.47)

Model 3 1.00 {Reference) 0.82 {0.45 to 1.49)
3-pref AICHI

Modei 2 1.00 (Reference) 1.19 {0.48 to 2.92)

Mode! 3 1.00 (Reference) 1.20 (0.49 to 2.95)

0.86 (0.64 to 1.15)
0.87 (0.65 to0 1.16)

1.08 {0.80 to 1.45)
1.08 {0.80 to 1.45)

0.76 {0.58 to 1.00)
0.75 (0.57 to 1.00)

0.88 {0.66 to 1.18)
0.87 {0.65 t0 1.17)

1.15{0.76 to 1.73)
1.20 {0.79 to 1.80)

1.28 {0.77 to 2.13)
1.22 (0.73 t0 2.03)

0.90 (0.57 to 1.41)
0.90 (0.58 to 1.42)

1.14 {0.72 to 1.80)
1.18 {0.74 to 1.86)

0.85 (0.60 to 1.20)
0.85 {0.60 to 1.19)

0.95 (0.63 to 1.43)
0.89 (0.59 to0 1.35)

0.72 {0.41 to0 1.26)
0.72 {0.41 t0 1.27)

1.28 (0.59 to 2.78)
1.28 {0.59 to 2.80)

0.95 {0.72 t0 1.25)
0.97 {0.73 to 1.28)

1.06 {0.79 to 1.43)
1.06 (0.78 to 1.43)

0.82 (0.64 to 1.05)
0.81 {0.63 to 1.05}

0.89 (0.68 to 1.16)
0.88 {0.67 to 1.15)

1.50 {1.06 to 2.13)
1.55 (1.09 to 2.20)

169 {1.03 to 2.77)
1.60 {0.97 to 2.63)

0.58 (0.36 to 0.95)
0.58 (0.36 to 0.95)

0.72 (0.45 to 1.17)
0.74 (0.45 to 1.20)

0.88 {0.64 to 1.21)
0.88 (0.64 to 1.21)

0.73 (0.49 to 1.10)
0.67 (0.44 t0 1.02)

0.82 {0.51 to 1.32)
0.83 {0.51 to 1.35)

1.52 {0.71 to 3.21)
1.54 (0.72 t0 3.28)

Model 2: Adjusted for age {continuous), area {JPHC-I, JPHC-H and JACC only), smoking (never smaker, past smoker, or current smoker), ethanol intake (never/former drinker,
occasional drinker (<once/week), regular drinker (<23 g/day, =23 g/day)), rice intake (<4 bowlis/day, =4 bowls/day), soy bean paste soup (<daily, daily), and coffee intake

{<<1 cup/day, 1-2 cups/day, =3 cups/day).

Model 3: Adjusted for pickled vegetable intake {<weekly, 1~2 times/week, 3-4 times/week, daily} and green-yellow vegetable intake {<weekly, 12 times/week, 3-4 times/

week, daily) in addition to the variables included in Mode! 2.

JACC, The Japan Collaborative Cohort Study; JPHC, Japan Public Health Center-based prospective Study; MIYAGI, The Miyagi Cohort Study; 3-pref AICHI, The Three Prefecture

Study — Aichi portion; 3-pref MIYAGI, The Three Prefecture Study — Miyagi portion.

individual studies were then combined using a random-effects
model. We tested for and quantified the heterogeneity of the HRs
for the highest category and the trend association of green tea
consumption association among studies using the Q and P
statistics. Stata 10 was used for meta-analysis.

RESULTS

The present study included 219 080 subjects (100 479 men and
118 601 women) and 3577 cases of gastric cancer (2495 men
and 1082 women) accumulated during 2 285 968 person-years
of follow-up (table 1). Among both men and women, 80% of
subjects consumed green tea every day, with 35% of men and
83% of women consuming =5 cups per day. Distribution of
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intake frequency was similar between men and women. In
most cohorts, men and women with higher intake also tended
to consume more rice, green-yellow vegetables, soy bean
paste soup or pickled vegetables. The proportion of current
smokers was also higher among men with higher green tea
intake, but this characteristic was less clear among
women.” ' * ® The study-specific HRs and 95% Cls of total
gastric cancer incidence by green tea consumption are presented
in table 2.

In men (table 3), no notable association was found as a
whole. No change in results was seen when subjects were
stratified as never smokers and current smokers, and when
outcome was confined to proximal or distal subsite. The results

Gut 2008;58:1323-1332. doi:10.1136/gut.2008.166710
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