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might be a more suitable parameter than BMI with
regard to visceral fat accumulation and atheroscle-
rosis and that adiponectin, an anti-atherogenic pro-
tein, might be an important predictor for MS,

Previous studics showed that adiponectin was
closely associated with visceral fat accumulation
and insulin resistance and that low levels of adi-
ponectin were linked to components of MS [10,18-
27]. Adiponectin has been shown to have potential
inhibitory activities of the following three athero-
genic cellular phenomena: (1) monocyte adhesion
to endothelial cells by the expression of adhesion
molecules; (2) oxidized LDL uptake of macro-
phages through scavenger receptors; and (3) prolif-
gration of migrating smooth muscle cells by the
action of platelet-derived growth factors or heparin-
binding endothelial growth factor-like growth fac-
for [29]. These anti-atherosclerotic and anti-
inflammatory functions of adiponectin are thought
to be associated with atherosclerosis [30-32] and to
play a key role in the prevention of MS [29]. Other
previous studies showed that lower adiponectin
levels are associated with MS, diagnosed on the
basis of modified NCEP-ATP III guidelines [5], in
an urban area in Southern India [33] and that adi-
ponectin level might be useful for diagnosis of MS
in obese Japanese children [34].

The ratios of subjecis with MS in this study
were 12.9% in males and 5.7% in females. We
have reporied that the ratio of Japanese male sub-
jects with MS in the early 1990s, diagnosed on the
basis of modified NCEP-ATP IIl guidelines, was
about 25% [35,36]. Since subjects undergoing
treatment for hypertension or diabetes were ex-
cluded in this study, it is thought that the ratio of
subjects with MS in this study is lower than the
actual ratio. In all subjects, including subjects un-
dergoing treatment for hypertension or diabstes, the
ratios of subjects with MS were 24.4% in males
and 8.9% in females in this study. In 2005, the In-
ternational Diabetes Federation announced a new
worldwide definition of MS, emphasizing the im-
portance of ceniral gbesity with modifications ac-
cording to ethnic group [6]. Further investigation
using the new criteria for Japanese MS is needed to
clarify the proportion of Japanese with MS.
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Adiponectin concentrations in subjects posi-
tive for VFA or for LA were lower than those in
subjects negative for VFA or for LA in both males
and females. On the other hand, there were no sig-
nificant differences between adiponectin concentra-
tions in subjects positive for H-BP and those nega-
tive for H-BP and between adiponectin concentra-
tions in subjects positive for H-FPG and those
negative for H-FPG both in males and females. In a
previous study, adiponectin concentration in sub-
jects with essential hypertension was lower than
that in normotensive healthy subjects [26]. It has
also been reported that adiponectin level increases
with aging [37-39]. Since blood pressure is known
to increase with aging, this increase in adiponectin
level with aging is thought to offset the difference
between adiponectin concentrations in subjects
positive for H-BP and those negative for H-BP. In
the present study, adiponectin level had a tendency
to decrease in both male and female subjects posi-
tive for H-FPG, and there was almost statistical
significance between the difference in adiponectin
levels in male subjects positive for H-FPG and
those negative for H-FPG (P = 0.051). Since the
number of excluded subjects undergoing treatment
for diabetes was large, only 9.6% of the males and
4.6% of the females had H-FPG. This large number
of excluded subjects might be the reason why there
was no significant difference between adiponectin
concentrations in subjects positive for H-FPG and
those negative for H-FPG.

In previcus studies, thiazolidinediones [40,41},
temocapril and candesartan [42], which are used for
treating diabetes and hypertension, were found to
increase the serum level of adiponectin. Therefore,
subjects undergoing treatment for diabetes or hy-
pertension were excluded in this study. Although it
is not clear whether lipid lowering-properties
would influence serum adiponectin concentration,
subjects undergoing treatment for hyperlipidemia,
which was present only in females, were not ex-
cluded in this study. After exclusion of the female
subjects receiving antilipotropic drugs, 15.5% of
the female subjects were positive for LA, and re-
sults of analysis excluding female subjects receiv-
ing antilipotropic drugs were similar to the results
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presented in this report.

One limitation of this study is that it was a
cross-sectional study., More prospective studies
may be needed to clarify the relationship between
adiponectin concentration and prevention of MS,

In conclusion, the results of this study suggest
that the plasma level of adiponectin, an adipocyte-
derived anti-atherogenic protein, is low in subjects
with MS diagnosed by the new criteria for Japanese
and might be an important predictor for MS.
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AEA IS THE MOST CONSUMED BEV-

erage in the world aside from
water. Three billion kilo-
grams of tea are produced each
year WorldWlde Because of the high
rates of tea consumption in the global
population, even small effects in hu-
mans could have large implications for
public health.? Tea is generally con-
sumed in the forms of green, oolong,
and black tea, all of which originate
from the leaves of the plant Camellia
sinensis. Among teas, green tea polyphe-
nols have been extensively studied as
cardiovascular disease (CVD) and can-
cer chemopreventive agents.”® Al-
though substantial evidence from in
vitro and animal studies indicates that
green tea preparations inhibit CVD and
carcinogenic processes, the possible
protective role of green tea consump-
tion against these diseases in humans
remains unclear.

If green tea does protect humans
against CVD or cancer, it is expected
that consumption of this beverage
would substantially contribute to the
prolonging of life expectancy, given that

©2006 American Medical Association. All rights reserved.

Context Green tea polyphenols have been extensively studied as cardiovascular dis-
ease and cancer chemopreventive agents in vitro and in animal studies, However, the
effects of green tea consumption in humans remain unclear.

Objective To investigate the associations between green tea consumption and all-
cause and cause-specific mortality.

Design, Setting, and Participants The Ohsaki National Health Insurance Cohort
Study, a population-based, prospective cohort study initiated in 1994 among 40530
Japanese adults aged 40 to 79 years without history of stroke, coronary heart disease,
or cancer at baseline. Participants were followed up for up to 11 years (1995-2005)
for all-cause mortality and for up to 7 years (1995-2001) for cause-specific mortality.

Main Outcome Measures Mortality due to cardiovascular disease, cancer, and all
causes.

Results Over 11 years of follow-up (follow-up rate, 86.1%), 4209 participants died,
and over 7 years of follow-up (follow-up rate, 89.6%), 892 participants died of cardio-
vascular disease and 1134 participants died of cancer. Green tea consumption was in-
versely associated with mortality due to all causes and due to cardiovascular disease.
The inverse association with ail-cause mortality was stronger in women (P=.03 for in-
teraction with sex). In men, the multivariate hazard ratios of mortality due to all causes
associated with different green tea consumption frequencies were 1.00 (reference) for
fess than 1 cup/d, 0.93 (95% confidence interval [Cl], 0.83-1.05) for 1 to 2 cups/d,
0.95 (95% Cl,0.85-1.06) for 3 to 4 cups/d, and 0.88 (95% Cl, 0.79-0.98) for 5 or more
cups/d, respectively (P=.03 for trend), The corresponding data for women were 1.00,
0.98 {(95% Cl, 0.84-1.15), 0.82 (95% Cl, 0.70-0.95), and 0.77 (95% Cl, 0.67-0.89),
respectively (P<.001 for trend). The inverse association with cardiovascular disease mor-
tality was stronger than that with all-cause mortality. This inverse association was also
stronger in women (P=.08 for interaction with sex). In women, the multivariate hazard
ratios of cardiovascular disease mortality across increasing green tea consumption cat-
egories were 1.00, 0.84 (95% Cl, 0.63-1.12),0.69 (95% Cl,0.52-0.93), and 0.69 (95%
Cl, 0.53-0.90), respectively (P=.004 for trend). Among the types of cardiovascular dis-
ease mortality, the strongest inverse association was observed for stroke mortality. in
contrast, the hazard ratios of cancer mortality were not significantly different from 1.00
in all green tea categories compared with the lowest-consumption category.

Conclusion Green tea consumption is associated with reduced mortality due to all causes
and due to cardiovascular disease but not with reduced mortality due to cancer.

JAMA. 2006;296:1255-1265 www.jama.com
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CVD and cancer are the 2 leading causes
of death worldwide.” To date, 4 stud-
es® have examined the association be-
tween green tea consumption and mor-
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GREEN TEA CONSUMPTION AND MORTALITY IN JAPAN

tality, but their sample sizes were small
and the results were inconsistent.

We therefore designed this prospec-
tive analysis to examine the associa-
tion between green tea consumption
and mortality due to all causes, CVD,
and cancer within a large population-
based cohort study of 403530 persons
in Miyagi Prefecture in northeastern Ja-
pan, where green tea is widely con-
sumed. Within this region, 80% of the
population drinks green tea and more
than half of them consume 3 or more
cups/d.™?

METHODS
Study Cohort

The details of the Ohsaki National
Health Insurance (NHI) Cohort Study
have been described in previous re-
ports.*13 In brief, we delivered a self-
administered questionnaire, includ-
ing items on dietary intake (a 40-item
food frequency questionnaire [FFQ]),
between October and December 1994
to all NHI beneficiaries aged 40 to 79
years living in the catchment area of
Ohsaki Public Health Center, Miyagi
Prefecture, in northeastern Japan.
Ohsaki Public Health Center, a local
government agency, provides preven-
tive health services for residents of 14
municipalities in Miyagi Prefecture. Of
54996 eligible individuals, 52029
(95%) responded.

To ascertain the date of and reason
for withdrawal from the NHI, we started
the prospective collection of NHI with-
drawal history files on January 1,1995.
We excluded 774 participants who had
withdrawn from the NHI before the
baseline questionnaire survey. Thus,
51 255 participants ultimately formed
the study cohort. The study protocol
was reviewed and approved by the eth-
ics committee of Tohoku University
School of Medicine. We considered the
return of self-administered question-
naires signed by the participants to im-
ply their consent to participate in the
study.

For current analysis, we excluded
participants who died before the col-
lection of NHI withdrawal history files
(n=37) and those with missing data on
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green tea consumption frequency
(n=6821), as well as those who re-
ported extreme daily energy intake
(n=444; sex-specific cutoffs for upper
0.5%, 3573.5 keal/d for men and 2289.0
kcal/d for women; for lower 0.5%, 350.5
kcal/d for men and 200.0 keal/d for
women). We also excluded partici-
pants who reported a baseline history
of cancer (n=1481), myocardial infarc-
tion (n=1149), or stroke (n=793), since
the presence of these diseases at base-
line could have affected their diet and
lifestyle. Consequently, our analysis in-
volved 40 530 participants.

Exposure Data

The questionnaire included items about
the frequency of recent average con-
sumption of 4 beverages (green tea,
oolong tea, black tea, and coffee) and
36 items about food, as well as items
regarding the consumption of alcohol
and tobacco, personal and family his-
tory of disease, job status, level of edu-
cation, body weight, height, engaging
in sports or exercise, and time spent
walking per day. The FFQ did not cover
a specific period of time but asked about
“everyday diet.” The frequency of green
tea consumption was divided into 5 cat-
egories: never, occasional, 1 to 2 cups/d,
3 to 4 cups/d, and 5 or more cups/d.
Within the study region, the volume of
a typical cup of green tea is 100 mL.

We conducted a validation study of
the FFQ, in which 113 participants
provided four 3-day food records
within a period of 1 year and subse-
quently responded to the question-
naire. The results showed that the
Spearman rank coefficient for the cor-
relation between the amounts of green
tea consumed according to the ques-
tionnaire and the amounts consumed
according to the food records was 0.71
for men and 0.53 for women; the cor-
relation between consumption mea-
sured by the 2 questionnaires adminis-
tered 1 year apart was 0.63 for men
and 0.64 for women.'®

Because only 7% of the participants
said they never drank green tea and only
19% said they drank it only occasion-
ally, data from these respondents were

collapsed into the single category of less
than 1 cup/d for the purpose of this
analysis. We examined the daily con-
sumption of 40 food items, total en-
ergy, and nuirients from the FFQ re-
sponses by converting the selected
frequency category for each food to a
daily intake, using portion sizes based
on the median values observed in four
3-day diet records. The FFQ used in this
study has a high reproducibility and rea-
sonably good validity in assessing the
usual levels of intake of nutrients, foods,
and food groups among our study
population.'

Follow-up

The end points were all-cause mortal-
ity and cause-specific mortality. To fol-
low up the participants for mortality
and migration, we reviewed the NHI
withdrawal history files. When a par-
ticipant was withdrawn from the NHI
systern because of death, emigration, or
employment, the date of withdrawal
and its reason were coded on the NHI
withdrawal history files. Because we
were unable to obtain subsequent in-
formation on the participants who with-
drew from the NHI, we discontinued
follow-up of participants who with-
drew from the NHI system because of
emigration or employment.

For decedents identified as de-
scribed herein, we investigated cause of
death by reviewing the death certifi-
cates filed at Ohsaki Public Health Cen-
ter. Cause of death was coded by trained
physicians according to the Interna-
tional Statistical Classification of Dis-
eases and Related Health Problems, Tenth
Revision (ICD-10).}'" We identified
deaths from CVD as ICD-10 codes 100-
199, coronary heart disease as ICD-10
codes 120-125, stroke as ICD-10 codes
160-169, cerebral infarction as ICD-10
code 163, cerebral hemorrhage as
ICD-10 code 161, subarachnoid hem-
orrhage as ICD-10 code 160, cancer as
ICD-10 codes C00-C97, gastric cancer
as ICD-10 code C16, lung cancer as
ICD-10 code C34, and colorectal can-
cer as ICD-10 codes C18-C21. None of
the participants died of unknown
causes. Because the Family Registra-
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tion Law in Japan requires registra-
tion of death, death certificates con-
firmed all deaths that occurred in the
study area, except participants who died
after emigration from the area.

Statistical Analysis

For all-cause mortality, from January
1, 1993, to Decemnber 31, 2003, we pro-
spectively counted the number of per-
son-years of follow-up for each partici-
pant, from the beginning of follow-up
until the date of death, the date of with-
drawal from the NHI, or the end of fol-
low-up, whichever occurred first. For
cause-specific mortality, we followed up
the participants for up to 7 years (1995-
2001). The difference in follow-up
times for all-cause mortality and cause-
specific mortality results from the dif-
ferent sources of information. All-
causemortality data were obtained from
the NHI withdrawal history files, which
are provided every month and have no
information on cause of death. Obtain-
ment of cause-of-death data requires
permission from the Japanese Minis-
try of Health, Labour, and Welfare to
use the National Vital Statistics Data-
base. Seven years of follow-up is the
most up-to-date assessment of cause-
of-death data in the study area as of Au-
gust 1, 2006.

Cox proportional hazards regres-
sion analysis was used to calculate the
hazard ratios (HRs) and 95% confi-
dence intervals (Cls) of all-cause and
cause-specific mortality according to
green tea consumption categories and
to adjust for potentially confounding
variables, using SAS statistical soft-
ware, version 9.1 (SAS Institute Inc,
Cary, NC). For all models, the propor-
tional hazards assumptions were tested
and met through addition of time-
dependent covariates to the models.
Dummy variables were created for green
tea consumption categories. The low-
est category of green tea consumption
was used as a reference category. The
P values for the analysis of linear trends
were calculated by scoring the catego-
ries, from 1 for the lowest category to
4 for the highest, entering the number
as a continuous term in the regression

©2006 American Medical Association. All rights reserved.
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model. In the analyses for oolong tea
or black tea as a main exposure, indi-
viduals with missing data were ex-
cluded (n=9679 for oolong tea and
n=10 140 for black tea).

We considered the following vari-
ables as potential confounders a priori:
age at baseline (continuous variable),
job status (employed or unemployed),
years of education (<10, 10-12, or
=13), body mass index (calculated as
weight in kilograms divided by height
in meters squared; <18.5, 18.5-22.9,
23.0-24.9, 25.0-29.9, or =30.0),'8*
engaging in sports or exercise (<1
h/wk, 1-2 h/wk, or =3 h/wk), time
spent walking (<1 h/d or 21 h/d),
history of hypertension (yes or no),
history of diabetes mellitus (yes or
no), history of gastric ulcer (yes or
no), smoking status (never, former,
currently smoking 1-19 cigarettes/d,
or currently smoking =20 cigarettes/
d), alcohol consumption (never,
former, current ethanol intake of
<45.6 g/d, or current ethanol intake
of =45.6 g/d), daily total energy
intake (continuous variable), daily rice
consumption (<3 bowls, 3 bowls, 4
bowls, or =5 bowls), daily consump-
tion of miso (soybean paste) soup (yes
or no), daily consumption of soybean
products, total meat, total fish, dairy
products, total fruits, and total veg-
etables (for each food, continuous
variable), and consumption of oolong
tea, black tea, or coffee (never or occa-
sionally, 1-2 cups/d, or =3 cups/d). To
correct the estimates for sociceco-
nomic status, the models were
adjusted for job status and the number
of years of education. In addition to
engaging in sports or exercise, time
spent walking was used as a measure
of physical activity because it is the
most common type of physical exer-
cise among middle-aged and older
individuals in rural Japan. The validity
and reproducibility of the question on
time spent walking has been reported
elsewhere.? Alcohol consumption was
classified in terms of go, a waditional
Japanese unit of measure equal to
approximately 180 mL of sake and
containing 22.8 g of ethanol. Interac-

tions between green tea consumption
and confounders were tested through
addition of cross-product terms to the
multivariate model.

To minimize the possibility that diet
or lifestyle factors had changed in re-
sponse to subclinical disease, we re-
peated all analyses after excluding par-
ticipants who had died in the first 3
years of follow-up. To ensure that the
estimates were not biased by multicol-
linearity, the age- and sex-adjusted HRs
for the green tea consumption catego-
ries were also calculated and com-
pared with the multivariate adjusted
HRs. All reported P values are 2-tailed,
and the differences at P<C.05 are con-
sidered statistically significant.

RESULTS

Baseline characteristics of the partici-
pants by green tea consumption cat-
egory are shown in TABLE 1 and
TABLE 2. Participants who consumed
green tea more often tended to be older
and were more likely to be unem-
ployed, to engage in sports or exer-
cise, and to have a history of hyperten-
sion and diabetes mellitus and were less
likely to walk, for both men and
women. Men were also more likely to
have a history of gastric ulcer and
women to be obese. Men and women
were both also more likely to con-
sume individual foods or beverages
such as miso (soybean paste) soup, soy-
bean products, total fish, dairy prod-
ucts, total fruits, total vegetables, oolong
tea, and black tea, but less likely to con-
sume coffee. There were no apparent
associations between smoking status or
alcohol drinking and green tea con-
sumption categories.

Over 11 years of follow-up, among
374 174 accrued person-years, the total
number of deaths was 4209. The
follow-up rate was 86.1%. TABLE 3
shows the association between green tea
consumption and the HRs and associ-
ated 95% Cls of mortality due to all
causes. We found that green tea con-
sumption was inversely associated with
mortality due to all causes and that
the inverse association was more
pronounced in women (P=.03 for
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Table 1. Baseline Characteristics of Men According to Green Tea Consumption

Green Tea Consumption, Cups/d

<1 1-2 3-4 =5
Characteristics {n = 5801) (n = 4325) {n = 3895) (n = 5039) P Valuet
Age, mean (D), y 57.6 (10.7) 57.8(10.8) 60.3 (10.3) 61.8 (9.9) <.001
Job status
Employed 3844 (85.1) 2904 (84.7) 2476 (78.3) 3129 (78.2)
Unemployed 673 (14.9) 523 (15.3) 647 (20.7} 870 (21.8) :] <001
Years of education
<10 3475 (62.6) 2366 (56.7) 2212 (58.7) 3017 (61.8) 7
10-12 1700 (30.6) 1461 (35.0) 1214 (32.2) 1488 (30.5) <.001
=13 375 (6.8) 346 (8.3) 342 (8.1) 374(7.7)
Body mass indext
<18.5 179 (3.3) 138 (3.3) 99 (2.6) 188(3.9) 7
18.5-22.9 2397 (43.5) 1812 {43.8) 1714 (45.6) 2092 (43.2)
23.0-24.9 1446 (26.2) 1125 (27.2) 1004 (26.7) 1356 (28.0) .007
25.0-29.9 1379 (25.0) 967 (23.4) 871 (23.2) 1128 (23.3)
=30.0 3@ 92 (2.2) 68 (1.8) 76(1.6) _|
Sports/exercise, h/wk
<1 3950 (73.0) 2808 (69.5) 2454 (67.4) 3132 (66.7) ]
1-2 743 (18.7) 655 (16.2) 589 (16.5) 712 (15.2 <.001
=3 717 (13.3) 575 (14.2) 589 (16.2) 855 (18.2) _|
Walking duration, h/d
<1 2687 (49.9) 20859 (50.8) 1956 (53.6) 2404 (51.1) N
=1 2700 (80.1) 1993 (49.2) 1694 (46.4) 2297 (48.9) :l 006
History of hypertension
Yes 1240 (21.4) 1001 {23.1) 984 (25.3) 1229 (24.4)
No 4561 (78.6) 3324 (76.9) 2911 (74.7) 3810 (75.6) :l <001
History of diabetes mellitus
Yes 392 (6.8) 280 (6.5) 305 (7.8) 369 (7.3) ] o7
No 5409 (83.2) 4045 (93.5) 3590 (92.2) 4670 (92.7) ’
History of gastric ulcer
Yes 1114 (18.2) 851 (19.7) 797 (20.5) 1106 (22.0) :] 003
No 4687 (80.8) 3474 (80.3) 3088 (79.5) 3933 (78.1) '
Smoking status
Never 1150 (21.6) 809 (20.4) 719 (19.9) 821 (17.6)
Former 1300 (24.4) 963 (24.3) 1018 {28.1) 1330 (28. ) <001
Current, <20 cigarettes/d 927 (17.4) 713 (18.0 647 (17.9) 877 (18.
Current, =20 cigarettes/d 1843 (36.5) 1478 (37.3) 1236 (34.1) 1632 (35. O]
Alcohol drinking :
Never 928 (16. 8] 608 (14.8) 562 (15.1) 905 (18.8) 7
Former 187 (3.8 119(2.9) 17 ey 17189 <.001
Current, <45.6 g/d ethanol 4176 (75.8) 3256 (79.2) 2957 (79.4) 3586 (74.6)
Current, =45.6 g/d ethanot 210 (3.8 129 (3.1) 88 (2.4) 144 (3.0}
Total energy inteke, mean (D), kcal/d 1783.5(612.2) 1812.8 (603.7) 1852.2 (589.7) 1905.0 (682.8) <.001
Daily dietary consurnption
Rice, =4 bowls 1951 (34.0) 1419 (33.1) 1281 (33.9) 1726 (34.7) .34
Miso (soybean paste) soup 4933 (86.5) 3819 (89.5) 3506 (91.4) 4581 (92.4) <.001
Soybean products, mean (SD), g 46.5 (28.7) 50.0 (28.3) 52.7 {27.6) £6.8 (27.0) <.001
Total meat, mean (SD), g 22.5(18.2) 23.2 (18.5) 229 (17.4) 23.1(18.9) <.001
Total fish, mean (D), g 55.2 (35.5) 57.5 (34.8) 61.2 (34.3) 66.6 (34.7) <.001
Dairy products, mean (SD), g 118.0 (88.9) 127.8 (98.5) 130.1 (88.8) 134.6 (99.6) <.001
Total fruits, mean (SD), g 63.6 (53.1) 71.0{54.9) 77.8 {85.5) 30.1 {88.3) <.001
Total vegetables, mean (SD), g 61.8 {42 ) 66.7 (43.1) 72 4 (43.3) 77.5 {46.0) <.001
Oclong tea, =3 cups/d 181 3.7 88{(2.7) 3 (3.5) 149 (4.1) <.001
Black tea, =3 cups/d 200 4) 24 (0.8 48(1.7) 50 (1.4) <.001
Coffee, =3 cups/d 798 (14.9) 497 (13.9) 370 (11.1) 495(11.8) <.001
*Data are expressed as No. (35} unless atherwise indicated.
1P values calculated by analysis of variance or * test.
+Body mass index was calculated as weight in kilograms divided by height in meters squared.
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Table 2. Baseline Characteristics of Women According to Green Tea Consumption

Green Tea Consumption, Cups/d

<1 1-2 3-4 =5
Characteristics {n = 4801) {n = 4478) {n = 4944) {n=7147) P Valuet
Age, mean (SD), y 58.8{10.8) 60.1 {10.5) 61.8 8.7) 62.7 {8.2) <.001
Job status
Employed 2086 (55.8) 1842 (82.7) 1710 (44.7) 2319 (42.8)
Unemployed 1656 (44.3) 1656 (47.3) 2119 (55.3) 3007 (57.2) ] <001
Years of education
<10 2709 (58.2) 2303 (54.5) 2558 (54.3) 3948 (58.2)
10-12 1527 (33.4) 1560 (36.9) 1739 (36.9) 2277 (33.5) } <.001
=13 340 (7.4) 366 (8.7) 410 (8.7) 564 {8.9)
Body mass indext
<18.5 211 {4.6) 155 (3.6) 190 (4.0 247 (3.6)
18.5-22.9 1856 (40.3) 1697 (39.8) 1924 (40, ) 2579 (37.8)
23.0-24.9 1107 (24.1) 1086 (25.5) 1162 (24.6) 1705 {25.0) <.001
25.0-29.9 1244 (27.0) 1194 (28.0) 1286 (27.2) 2031 (29.8)
=30.0 183 (4.0) 131 (3.1) 159 (3.4) 265 {3.9)
Sports/exercise, h/wk
<1 3376 (76.7) 2917 (73.0) 3144 (70.4) 4856 (72.7) 7
1-2 586 (13.3) 665 {18.7) 784 (17.6) 998 (15.6) <.001
=3 441 (10.0) 413 (10.3) 538 {12.1) 753 (11.8) |
Walking duration, h/d
<1 2454 (65.7) 2315 (66.4) 2658 {53.0) 3794 (5 ] 002
=1 1852 (44.3) 1793 (43.7) 1847 (41.0) 2686 (4 '
History of hypertension
Yes 1205 (24.8) 1221 (27.3) 1410 (28.5) 2134 (2 :| <001
No 3696 (75.4) 3257 (72.7) 3534 (71.5) 5013 (7 '
History of diabetes mellitus
Yes 252 (5.1) 204 {4.6) 262 (6.3) 410 (5.7} 05
No 4649 (94.9) 4274 (95.4) 4682 (94.7) 6737 (94.3) '
History of gastric ulcer
Yes 531 (10.8) 515 (11.5) 547 (11.1) 783 (1 ] 56
No 4370 (89.2) 3963 (88.5) 4397 (88.9) £6384 (8
Smoking status
Never 3380 (87.4) 3239 {91.5) 3649 (82.9) 5008 {(89.2) 7
Former 113 (2.9) 84 (2.4) 90 (2.3) 151 2.7) <001
Current, <20 cigarettes/d 2381{8.2) 145 (4.1) 142 (3.6) 315 (5.9)
Current, =20 cigarettes/d 1381{3.6) 73(1.2) 45{1.2) 142 (2.5) _|
Alcohol drinking
Never 2883 (72. 2) 2707 (73.9) 9 3071 (75.8) 4297 (73.8) 7
Former 7{1.8 43(1.2 48 (1.1) 80 (1.4) <001
Current, <45.6 g/d ethanol 1007 (25. 2) 903 (24. 7) 926 (22.9) 1431 (24.6)
Current, =45.6 g/d ethanol 27 (0.7 8(0.2) 9 (0.2 15 {0.3)
Total energy intake, mean (SD), keal/d 1188.3 (366,4) 1231.3(348.1) 1268.9 (331.2) 1310.2 (331.5) <.001
Dally dietary consumption
Rice, =4 bowls 507 (10.5) 380 (8.6) 403 (8.3) 8151(8.7) <.001
Miso {soybean paste) soup 4026 (84.0) 3904 (88.9) 4407 (90.5) 6335 (80.4) <.001
Soybean products, mean (SD), g 427 (24.3) 46.8 (23.2) 49.5 (22.0) 51.1 (21.5) <001
Total meat, mean (S0}, g 15.7 (14.1) 16.0 {(13.0) 16.2 (12.5) 16.3{13.7) .07
Total fish, mean (8D), g 47.2 {30.9) 50.1{30.4) £3.6 {20.1) 57.0 (29.8) <.001
Dairy products, mean (8D}, g 140.8 (102.3) 151.3 (100.9) 157.0 (100.0) 155.0 (101.4) <.001
Total fruits, mean (SD), g 96.9 (64.8) 110.0 (64.0) 119.1 (62.9) 127.0 (63.3) <.001
Total vegetables, mean (SD), g 71.5{47.0) 80.8 {47.3) 84.9 (46.9) 88.6 (48.4) <.001
Oolong tea, =3 cups/d 311 (7. ) 161 (4.9 231 (6. ) 369 (7.1} <.001
Black tea, =3 cups/d 7{0.4 24 {0.8) 4011 82 (1.6) <.001
Coffee, =3 cups/d 550 (12, 6) 350 (8.2) 308 (7. ) 388 (6.7) <.001

*Data are expressed as No. (%) untess otherwise indicated.
1P values calculated by analysis of variance or y? test.
1Body mass index was caloulated as weight in kilograms divided by height in meters squared.
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interaction with sex). In men, the mul-
tivariate HRs of mortality due to all
causes associated with different green
tea consumption frequencies were 1.00
(reference) for less than 1 cup/d, 0.93
(95% C1, 0.83-1.05) for 1 to 2 cups/d,
0.95 (95% Cl, 0.85-1.06) for 3 to 4
cups/d, and 0.88 (95% (I, 0.79-0.98)
for 5 or more cups/d, respectively
(P=.03 for trend). The corresponding
data in women were 1.00, 0.98 (95%
Cl, 0.84-1.15), 0.82 (95% CI, 0.70-
0.95), and 0.77 (95% Cl, 0.67-0.89),
respectively (P<<.001 for trend). We
included a variety of potential con-
founders in our multivariate models;
however, the results did not change
substantially even after adjustment for
these variables. Comparison between
the age- and sex-adjusted model and
multivariate model suggested that the
estimates were not biased by multicol-
linearity. When we excluded the 1018
participants who died in the first 3 years
of follow-up, the results also did not
change substantially.

Table 3. Cox Proportional Hazard Ratios (HRs) for 11-Year Mortality Due to All Causes by Green Tea Consumption in Japanese Adults

Over 7 years of follow-up, among
252101 total accrued person-years,
the total number of deaths was 2931
(892 from CVD and 1134 from can-
cer). The follow-up rate was 89.6%.
TABLE 4 shows the association be-
tween green tea consumption and the
HRs and associated 95% Cls of mortal-
ity due to CVD and cancer. We found
that green tea consumption was
inversely associated with mortality
due to CVD but not with that due to
cancer. The inverse association with
CVD mortality was stronger than that
with all-cause mortality and the
inverse association was also more pro-
nounced in women (P=.08 for interac-
tion with sex). In women, compared
with those who consumed less than 1
cup/d of green tea, those who con-
sumed 5 or more cups/d had a 31%
lower risk of CVD death. In contrast,
the association between green tea con-
sumption and cancer mortality was
substantially different. The HRs of
cancer mortality were not significantly

different from 1.00 in all green tea
consumption categories compared
with the lowest-consumption (refer-
ent) category.

We further investigated the associa-
tion between green tea consumption
and specific CVD and cancer mortal-
ity (TABLE 5, TABLE 6, and TABLE 7).
In men, green tea consumption was sig-
nificantly associated with reduced mor-
tality due to stroke. In women, green
tea consumption also was signifi-
cantly associated with reduced mortal-
ity due to stroke, especially cerebral in-
farction. Compared with women who
consumed less than 1 cup/d of green
tea, those who consumed 5 or more
cups/d had 42% and 62% lower risk of
death due to stroke and cerebral infarc-
tion, respectively. In both men and
women, the multivariate HRs of gas-
tric, lung, and colorectal cancer mor-
tality were mostly above unity but not
statistically significant.

We conducted further stratified
analyses of CVD mortality examining

Green Tea Consumption, Cups/d

I ] P Value
Mortality Outcomes <1 1-2 3-4 =5 for Trend
Total Participants

No. of person-years 97127 80416 82121 114510

No. of deaths 1109 872 920 1308

Age- and sex-adjusted HR (95% Cl) 1.00 0.94 (0.86-1.03) 0.88 (0.80-0.96) 0.83 (0.77-0.90) <.001
Multivariate HR (85% CI)* 1.00 0.86 (0.87-1.05) 0.90 {0.82-0.98) 0.84(0.77-0.92) <.001
Multivariate HR (95% ChT 1.00 0.95 (0.85-1.05) 0.82 (0.83-1.02) 0.85 {0.77-0.94) .001

Men

No. of person-years 53348 39678 35984 47273

No. of deaths 747 541 584 798

Age-adjusted HR (95% CJ) 1.00 0.96 (0.86-1.07) 0.95 (0.86-1.06) 0.89 (0.81-0.88) .03
Multivariate HR (85% C)* 1.00 0.93 (0.83-1.05) 0.95 (0.85-1.06) 0.88 (0.79-0.98) .03
Multivariate HR (5% CIiT 1.00 0.94 (0.82-1.07) 0.97 (0.85-1.10) 0.88 (0.78-1.00) .07

Women

No. of person-years 43779 40738 46137 87238

No. of deaths 362 331 338 512

Age-adjusted HR (85% C)) 1.00 0.91{0.78-1.05) 0.75 (0.65-0.87) 0.74 (0.64-0.84) <.001
Multivariate HR (95% C)* 1.00 0.98 (0.84-1.15) 0.82 (0.70-0.85) 0.77 (0.67-0.89) <.001
Multivariate HR (85% CIT 1.00 0.96 (0.81-1.15) 0.86{0.72-1.02) 0.80 (0.68-0.94) .008

Abbreviation: Cl, confidence interval.

*The muttivariate HR has been adjusted for age (continuous variable), sex (among total participants). job status (employed vs unempioyed)
body mass index {calcutated as weight in Kilograms divided by height in meters sguared; <18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or 230.0)

, years of education (<10, 10-12, or =13),
, engaging in sports or exercise (<1,

1-2, or =3 h/wk), walking duration (<7 vs =1 h/d), history of hypertension, diabetes meliitus, and gastric ulcer {for each disease, yes or no), smoking status {never, former,
currently smoking <20, or currently smoking =20 cigarettes/d), alcohal drinking (never, former, currently drinking <45.8 g/d, or currently drinking 245.8 g/d ethanol), total en-

ergy intake per day (continuous variable), daily consumption of rice {3, 3, 4, or =5 bow!
soybean products, total meat, total fish, dairy products, total fruits, and total vegetables (for each food, continuous variable;

{for each beverage, never or occasionally, 1-2 cups/d, or =3 cups/d).

+Participants who died in the first 3 years of follow-up were excluded from this analysis.

), daily consumption of miso (soybean paste) soup (yes or no), dally consumption of
), and consumption of oolong tea, black tea, and cofiee
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subgroups defined by traditional CVD
risk factors and dietary factors. The
results in all subgroups showed the
same inverse relationship between
green tea consumption and CVD mor-
tality, with no interactions noted.
Although the interaction was not sig-
nificant, the inverse association
between green tea consumption and

Table 4. Cox Proportional Hazard Ratios (HRs) for 7-Year Mortality Due to Cardiovascular Disease and Cancer by Green Tea Consumption

in Japanese Adults

GREEN TEA CONSUMPTION AND MORTALITY IN JAPAN

CVD mortality appeared to be more
pronounced in participants who had
never smoked. Among current smok-
ers (n=11614), the multivariate HRs
of mortality due to CVD associated
with different green tea consumption
frequencies were 1.00 (reference)
for less than 1 cup/d, 0.79 (95% CI,
0.55-1.14) for 1 to 2 cups/d, 0.81

(95% CI, 0.56-1.17) for 3 to 4 cups/d,
and 0.86 (95% (I, 0.62-1.18) for 5 or
more cups/d, respectively (P=.43 for
rend). The corresponding data among
never smokers (n=18775) were 1.00,
0.85 (95% Cl, 0.62-1.16), 0.69 (95%
CI, 0.51-0.95), and 0.75 (95% (I,
0.56-1.00), respectively (P=.03 for
trend).

Green Tea Consumption, Cups/d

i P Value
Mortality Outcomes <1 1-2 3-4 =5 for Trend
Total Participants
No. of person-years 65656 54443 55290 76712
Cardiovascular disease mortality
No. of deaths 261 186 182 263
Age- and sex-adjusted HR (95% CI) 1.00 0.83 (0.69-1.00) 0.70 (0.58-0.85) 0.67 (0.57-0.80) <.001
Multivariate HR (85% Ci)* 1.00 0.87 {0.72-1.06) 0.77 (0.63-0.93) 0.74 (0.62-0.89) <.001
Multivariate HR (85% Ci)T 1.00 0.76 (0.58-0.97) 0.77 (0.80-0.98) 0.74 (0.59-0.92) 01
Cancer mortality
No. of deaths 256 229 265 384
Age- and sex-adjusted HR (95% Cl) 1.00 1.08 (0.91-1.29) 1.18(0.85-1.34) 1.11 (0.85-1.30) .21
Multivariate HR (85% Cl)* 1.00 1.11(0.83-1.34) 1.16 (0.97-1.38) 1.11 (0.94-1.31) .25
Multivariate HR (35% Ci)t 1.00 1.12(0.89-1.41) 1.17 (0.94-1.46) 1.11 {0.90-1.37) 36
Men
No. of person-years 36003 26885 24 260 31718
Cardiovascular disease mortality
No. of deaths 149 103 98 131
Age-adjusted HR (35% CI) 1.00 0.81(0.71-1.17) 0.79 (0.61-1.02) 0.73 (0.58-0.92) 005
Multiveriate HR (95% CI)* 1.00 0.88 (0.68-1.14) 0.84 (0.64-1.09) 0.78 (0.61-1.00) 05
Muttivariate HR {85% Cit 1.00 0.82 (0.59-1.16) 0.91 (0.65-1.27) 0.87 (0.64-1.19) .49
Cancer mortality
No. of deaths 179 142 175 243
Age-adjusted HR (85% Cl) 1.00 1.04 (0.84-1.30) 1.21(0.98-1.48) 1.16 (0.96-1.41) .08
Multivariate HR (95% CI)* 1.00 1.02 (0.82-1.28) 1.18 (0.95-1.46) 1.11 (0.80-1.36) .22
Multivariate HR (85% CI)T 1.00 1.02 (0.77-1.35) 1.13(0.86-1.48) 1.04 (0.80-1.35) .66
Women
No. of person-years 29653 27558 31040 44995
Cardiovascular disease mortality
No. of deaths 112 83 84 132
Age-adjusted HR (35% Cl) 1.00 0.74 (0.55-0.98) 0.61 (0.46-0.81) 0.62 (0.48-0.80) <.001
Multivariate HR (95% Clj* 1.00 0.84 (0.63-1.12) 0.69 (0.52-0.93) 0.69 (0.53-0.90) .004
Muttivariate HR (85% CiT 1.00 0.68 {0.47-0.98) 0.65 (0.45-0.93) 0.61 (0.44-0.85) .008
Cancer mortality
No. of deaths 77 87 80 141
Age-adjusted HR {95% CI) 1.00 1.14 (0.84-1.55) 0.97 (0.72-1.32) 1.00 {0.75-1.32) 68
Multivariate HR (95% CI)* 1.00 1.27 (0.93-1.74) 1.08 (0.79-1.49) 1.07 (0.80-1.44) 97
Multivariate HR (95% ChT 1.00 1.34 (0.90-1.98) 1.22(0.83-1.79) 1.20 (0.83-1.73) .53

Abbreviation: Cl, confidence interval.

*The multivariate HR has been adjusted for age (continuous variable), sex (among total participants), job status {employed vs unemployed), years of education (<10, 10-12, or =18},
bady mass index (calculated as weight in kilograms divided by height in meters sguared; <18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or =30.0), engaging in sporis or exercise (<1,
1-2, or =3 h/wk), walking duration {<1 vs =1 h/d), history of hypertension, diabetes melitus, and gastric ulcer {for each disease, yes or no}, smoking status {never, former,
currently smoking <20, o currently smoking =20 cigarettes/d), alcohol drinking (never, former, currently drinking <45.6 g/d, or currently drinking =45.6 g/d ethanol), total en-
ergy intake per day (continuous variablg), daily consumption of rice (<3, 3, 4, or =5 bowls), dally consumption of miso (soybean paste) soup (ves or no), daily consumption of
soybean products, total meat, total fish, dairy products, fotal fruits, and total vegstables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee

{for each beverage, never or occasionally, 1-2 cups/d,

or =3 cups/d).

+Participants who died in the first 3 years of follow-up were excluded from this analysis.
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GREEN TEA CONSUMPTION AND MORTALITY IN JAPAN

The multivariate HRs of all-cause
mortality according to green tea, oolong
tea, and black tea consumption fre-
quencies are compared in TABLE 8.
Green tea consumption was associ-
ated with reduced mortality. In con-
trast, a weak or null association was ob-
served between consumption of black
tea or oolong tea and the HRs of all-
cause mortality. We were unable to ex-
amine the associations between oolong
tea or black tea and CVD or cancer mor-
tality because of insufficient numbers
of cases of disease among the higher-
consumption categories of those bev-
erages.

COMMENT

On the basis of a large, population-
based, prospective cohort study, we
found significant inverse associations
of green tea consumption with mortal-

Table 5. Cox Proportional Hazard Ratios (HRs) Among All Participants for 7-Year Mortality Due to Cardiovascular Disease and Cancer

ity due to all causes and due to CVD.
Compared with participants who con-
sumed less than 1 cup/d of green tea,
those who consumed 5 or more
cups/d had a risk of all-cause and CVD
mortality that was 16% lower (during
11 years of follow-up) and 26% lower
{during 7 years of follow-up), respec-
tively. These inverse associations of
all-cause and CVD mortality were pri-
marily observed in women, although
the inverse association for green tea
consumption was observed in both
sexes. In contrast, null results were
observed in the association between
green tea consumption and cancer
mortality.

Sato et al® found a significant inverse
association between green tea consump-
tion and stroke mortality in 5910 par-
ticipants over a 4-year period. Nakachi
et al®! reported an observed associa-

Subtypes by Green Tea Consumption in Japanese Adults

tion between increased consumption of
green tea and significantly lower risk of
CVD death among 8552 individuals with
a follow-up period of 11 to 13 years. Our
findings were consistent with these re-
sults. In contrast, Iwai et al'® did not ob-
serve significant association between
green tea consumption and all-cause
mortality, but the results were consis-
tent with an inverse association be-
tween green tea consumption and all-
cause mortality. The study had a much
smaller sample size (2855 participants
with 9.9 years of follow-up), and non-
significant results might be due to low
statistical power. Nakachi et al®** also
demonstrated that green tea consump-
tion was associated with reduced mor-
tality due to cancer, in contrast with our
findings.

The reason for the discrepancy be-
tween men and women for the associa-

Green Tea Consumption, Cups/d

f 1 P Value
Mortality Outcomes <1 1-2 3-4 =5 for Trend
Coronary heart disease
No. of deaths 58 47 43 81
Multivariate HR (95% Ci* 1.00 1.04 (0.70-1.56) 0.80 (0.60-1.36) 0.86 (0.59-1.26) .34
Stroke
No. of deaths 145 a8 102 126
Multivariate HR (95% CI)* 1.00 0.84 (0.65-1.09) 0.78 (0.60-1.01) 0.63 (0.49-0.82) <.001
Cerebral infarction
No. of deaths 65 41 48 43
Multivariate HR (85% C)* 1.00 0.77 (0.52-1.15) 0.81 (0.55-1.19) 0.48 (0.33-0.73) 001
Cerebral hemorrhage
No. of deaths 34 30 33 40
Multivariate HR {85% CI)* 1.00 1.10(0.66-1.82) 1.15(0.70-1.89) 0.98 (0.60-1.58) 94
Subarachnoid hemorrhage
No. of deaths 21 13 12 26
Multivariate HR (85% Ci)* 1.00 0.71(0.35-1.44) 0.57 (0.27-1.17) 0.78 (0.42-1.43) 42
Gastric cancer
No. of deaths 44 44 38 87
Multivariate HR (85% CI)* 1.00 1.33 (0.86-2.04) 1.00 (0.64-1.58) 1.17(0.78-1.76) 72
Lung cancer
No. of deaths 49 41 46 82
Multivariate HR (85% Ch* 1.00 1.03 (0.67-1.58) 1.05 (0.68-1.59) 1.18(0.81-1.72) .36
Colorectal cancer
No. of deaths 30 24 36 42
Multivariate HR (95% CI)* 1.00 1.04 {0.59-1.82) 1.45(0.87-2.41) 1.10(0.67-1.82) 54

Abbreviation: Cl, confidence interval.

*The multivariate HR has been adjusted for age (continuous variable), sex, job status {smployed vs unemployed), years of education (<10, 10-12, or =13), body mass index {cal-

culated as weight in kilograms divided by height in meters squared; <18.5, 18.5-22.8, 23.0
walking duration (<01 vs =1 h/d), history of hypertension, diabetes melitus, and gastric ulcer {for each disease, yes or na), smoking status {
or currently smoking =20 cigareties/d), alcohol drinking (never, former, cunent
tinuous variable), daily consumption of rice {<3, 3, 4, or =5 bowls), daily consumption of miso (soybean paste) soup

-24.9, 25.0-29.9, or =30.0), engaging in sports or exercise (<1, 1-2, or 23 h/wk),
never, former, currently smoking <20,
ly drinking <45.6 g/d, or currently drinking =45.6 g/d ethanol), total ensrgy intake per day (con-
{yes or no), daily consumption of soybean products, total

meat, tolal fish, dairy products, total frults, and total vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee {for each beverage,

never or cocasionally, 1-2 cups/d, or =3 cups/d).
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tions of green tea consumption and risk
of all-cause and CVD mortality is un-
certain. One possibility is the residual
confounding by cigarette smoking. Men
were more likely to smoke (Table 1 and
Table 2), and the inverse associations
between green tea consumption and
CVD mortality appeared to be more
pronounced in participants who had
never smoked, although tests for inter-
action between green tea consump-
tion categories and smoking in the
analyses of CVD mortality yielded non-
significant results. These results sug-
gest that higher rates of smoking may
mask the association of green tea con-
sumption with CVD mortality among
men.

Our finding of an inverse associa-
tion between green tea consumption
and CVD mortality appeared to be a
threshold effect rather than a dose-

GREEN TEA CONSUMPTION AND MORTALITY IN JAPAN

response relationship, such that per-
sons who consume at least 1 cup/d
may receive some benefit. There may
be differences in dietary intake and
health characteristics besides green tea
consumption between the lowest
fourth and the highest three fourths of
the distribution, suggesting that the
observed association may be somehow
explained by selection bias. However,
in our models we adjusted for various
potential confounders, and the esti-
mates did not change substantially
from the age- and sex-adjusted esti-
mates.

Our results for CVD mortality may
be partly explained by the effect of
green tea on CVD risk profile. Previ-
ous studies have suggested that green
tea may have beneficial effects on
CVD risk profile, such as hypertension
and obesity.?** However, the present

results of stratified analysis show that
inverse associations were also evident
among lean participants and among
those who had no history of hyperten-
sion. Therefore, mechanisms other
than the effects on traditional
CVD risk factors might play a role.
Green tea polyphenols, especially
(-)-epigallocatechin-3-gallate, might
explain the observed association with
reduced all-cause and CVD mortality,
irrespective of CVD risk profiles.”* A
number of biological mechanisms,
including radical scavenging and
antioxidant properties, have been
proposed for the beneficial effects
of green tea in different models of
chronic disease.”® The present inverse
association between green tea con-
sumption and cerebral infarction mor-
tality, but not cerebral hemorrhage,
indicates that green tea polyphenols

Table 6. Cox Proportional Hazard Ratios (MRs) Among Men for 7-Year Mortality Due to Cardiovascular Disease and Cancer Subtypes
by Green Tea Consumption in Japanese Adults

Green Tea Consumption, Cups/d

I 1 P Value
Mortality Outcomes <1 1-2 3-4 =5 for Trend
Coronary heart disease
No. of deaths 37 29 27 368
Multivariate HR (85% Cl* 1.00 1.03(0.62-1.71) 0.86 (0.57-1.62) 0.91(0.56-1.48) .66
Stroke
No. of deaths 79 53 59 58
Multivariate HR (85% Ch* 1.00 0.85 (0.60-1.22) 0.87 (0.68-1.37) 0.65 (0.45-0.93) .04
Cerebral infarction
No. of deaths 37 23 33 23
Multivariate HR (85% CI)* 1.00 0.78 (0.45-1.34) 1.16 (0.71-1.91) 0.58 (0.33-1.00) 15
Cerebral hermorrhage
No. of deaths 21 15 17 21
Multiveriate HR (85% CI)* 1.00 0.61 (0.46-1.78) 1.08 (0.56-2.09) 1.01 {0.53-1.91) .88
Subarachnoid hemorrhage
No. of deaths 10 5 3 5
Multivariate HR (85% CI)* 1.00 0.58 (0.19-1.73) 0.37 (0.10-1.38) 0.37 (0.11-1.27) .08
Gastric cancer
No. of deaths 32 30 30 46
Multivariate HR (85% CI* 1.00 1.29 (0.78-2.16) 1.19 (0.71-2.00) 1.20 (0.74-1.95) .55
Lung cancer
No. of deaths 43 29 34 60
Multivariate HR (85% CI/* 1.00 0.88 (0.54-1.42) 0.97 (0.61-1.54) 1.14 (0.75-1.73) ’ 46
Colorectal cancer
No. of deaths 22 18 21 23
Multivariate HR (85% CIy* 1.00 1.08 (0.57-2.09) 1.23 (0.66-2.29) 0.88 (0.47-1.63) 74

Abbraviation: Cl, confidence intervat.

*The multivariate HR has been adjusted for age {continucus variable), job status {employed vs unemployed), years of education (<10, 10-12, or =1 3), body mass index (calculated

as weight In kilograms divided by height in meters squared; <18.5, 18.5-22.9, 23.0-24.9, 25.0-29.9, or =30.0)

. engaging in sports or exercise (<1, 1-2, or =8 h/wk), walking

duration (<1 vs =1 h/d), history of hyperiension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status (never, former, currently smoking <29, or
currently smoking =20 cigarsttes/d), alcohol drinking (hever, former, currently drinking <45.6 g/d, or currently drinking =45.6 g/d ethanal), total energy intake per day (continu-
ous variable), daily consumption of rice (<8, 3, 4, or =5 bowis}, daily consumption of miso (soybean paste) soup {yes or no), dally consumption of soybean products, total meat,
total fish, dairy products, total fruits, and lotal vegetables (for each food, continuous variable), and consumption of oolong tea, black tea, and coffee {for sach beverags, never or
occasionally, 1-2 cups/d, or =3 cups/d).
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GREEN TEA CONSUMPTION AND MORTALITY IN JAPAN

We observed weak or null relation-
shipsbetween black tea or oolong teaand
mortality. The discrepancy between

might directly affect atherosclerosis
itself, irrespective of traditional CVD
risk profiles.

green tea and other teas mightindicate
the specific role of substances rich in
green tea. However, the smaller varia-

Table 7. Cox Proportional Hazard Ratios (HRs) Among Women for 7-Year Mortality Due toCivasIaiea r o
by Green Tea Consumption in Japanese Adults

Green Tea Consumption, Cups/d

. f P Value
Mortality Outcomes <1 1-2 3-4 =5 for Trend
Ceronary heart disease
No. of deaths 21 18 16 25
Multivariate HR (95% Ci)* 1.00 1.04 (0.54-2.01) 0.79 (0.40-1.56) 0.77 (0.42-1.44) .31
Stroke
No. of deaths 66 46 43 68
Multivariate HR (95% CI)* 1.00 0.79 (0.53-1.16) 0.61 (0.41-0.90) 0.88 {0.41-0.84) .002
Cerebral infarction
No. of deaths 28 18 15 20
Multivariate HR (85% CI* 1.00 0.76 (0.41-1.39) 0.47 (0.24-0.89) 0.38 (0.21-0.69) <.001
Carebral hemerrhage
No. of deaths 13 15 16 19
Multiveriate HR {85% CIy* 1.00 1.33 (0.61-2.90) 1.32 (0.61-2.82) 0.98 (0.46-2.09) .87
Subarachnoid hemorrhage
No. of deaths 1 8 9 21
Mudtivariate HR (95% CIy* 1.00 0.80{0.32-2.03) 0.71 (0.29-1.75) 1.05 (0.49-2.26) .81
Gastric cancer
No. of deaths 12 14 8 21
Multiveriate HR (95% Cl)* 1.00 1.32 (0.59-2.94) 0.64 (0.26-1.63) 1.08 (0.50-2.33) .84
Lung cancer
No. of deaths 8 12 12 22
Multivariate HR (95% CI)* 1.00 1.83 (0.68-4.96) 1.46 (0.54-3.95) 1.59 (0.63-4.08) 54
Colorectal cancer
No. of deaths 8 6 15 18
Multivariate HR (95% Ch)* 1.00 0.98 (0.32-2.97) 1.96 (0.78-4.95) 1.49 (0.60-3.71) 26

Abbreviation: Cl, confidence interval.

*The muitivariate HR has been adjusted for age (continuous variablg), job status (@mployed vs unemployed), years of education (<10, 10-12, or =13), body mass index (calculated as
welght in kilograms divided by height in meters squared; < 18.5, 18.5-22.9, 23.0-24.9, 25.0-28.9, or 30.0), engaging in sports or exercise (<1, 1-2, or =3 h/wk), walking duration (<1
vs =1 h/d), histary of hypertension, diabetes mellitus, and gastric ulcer (for each disease, yes or no), smoking status {never, former, currently smoking <20, or currently smoking =20
cigarettes/d), alochol drinking (never, former, currently drinking <45.6 g/d, or currently drinking =45.6 g/d ethanol), total energy intake per day {continuous variable), dally consumption
of rice (<3, 8, 4, or =5 bowls), daily consumption of miso {soybean paste) scup (yes or no), daily consumption of soybean products, total meat, total fish, dairy products, total fruits, and
total vegetables (for each faod, continuous variable), and consumption of oolong tea, black tee, and coffes ffor each beverage, never or occasionally, 1-2 cups/d, or 23 cups/d).

Ratios (HRs) for 11-Year Mottality Due to All Causes by Type of Tea Consumption in Japanese Adults
Tea Consumption, Cups/d

Table 8. Cox Proportional Hazard

I 1 P Value

Mortality Outcomes <1 1-2 =3 for Trend
Green tea

No. of person-years 97127 80416 196631

No. of deaths 1108 872 2228

Multivariate HR (95% Ci* 1.00 0.86 (0.87-1.05) 0.87 {0.80-0.93) <.001
Oolong tea (Chinese tea)

No. of person-years 256 266 15809 14715

No. of deaths 268486 138 122

Multivariate HR (85% CI)* 1.00 1.01 (0.84-1.21) 1.03 (0.85-1.25) 76
Black tea

No. of person-years 271605 8313 2712

No. of deaths 2750 87 33

Multivariate HR (95% CI)* 1.00 1.00 (0.79-1.25) 1.04 (0.72-1.51) .89

Abbreviation: Cl, confidence interval.

*The multivariate HR has been adjusted for age (continuous variable), sex, job status {employed vs unemployed), vears of education (<10, 10-12, or =13}, body mass index (cal-
culated as weight in kilograms divided by height in meters squared; <18.5, 18.5-22.8, 23.0-24.9, 25.0-29.8, or =30.0), engaging in sports or exercise {<1, 1-2, or =8 hiwk).
walking duration {<1 vs =1 h/d), history of hypertension, diabstes melitus, and gastric ulcer (for sach disease, yes or no), smoking status (never, former, currently smoking <20,
or currently smoking =20 cigarettes/d), alcohol drinking (never, former, currently drinking <45.6 g/d, or currently drinking =45.6 g/d ethanol), total energy intake per day (con-
tinuous variable), daily consumption of rice (<3, 3, 4, or =5 bowls), daily consumption of miso (soybean paste) soup (yes or no), daily consumption of soybean products, total
meat, total fish, dairy products, total fruits, and total vegetables (for sach food, continuous variable), and consumption of green tea, oolong tea, black tea, and coffee (for each
beverage, never or occasionally, 1-2 cups/d, or 23 cups/d). Models for green tea, oolong tea, or black tea did not include these variables, respectively.
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tionsin the consumption of black tea or
oolong teamay have contributed in part
to thenoted lack of association with mor-
tality.

Our study has limitations. First, the
number of cases of individual CVD and
cancer was only modest at best. There-
fore, our study may not have had suf-
ficient statistical power for detecting sig-
nificant results in coronary heart disease
or for detecting small increases or de-
creases in the risk of cancer at indi-
vidual sites, as associated with green tea
consumption. Second, 10.4% (during
7 years of follow-up) and 13.9% (dur-
ing 11 years of follow-up) of total par-
ticipants were lost to follow-up. How-
ever, this proportion did not vary across
the green tea consumption categories
(10.6%,9.7%, 10.2%, and 10.8% of par-
ticipants from the lowest to highest
green tea consumption categories, re-
spectively, were lost to follow-up dur-
ing 7 years of follow-up, and 15.2%,
14.8%, 13.4%, and 12.4% of partici-
pants, respectively, were lost to fol-
low-up during 11 years of follow-up).
Therefore, we consider it unlikely that
the association between green tea con-
sumption and mortality was substan-
tially distorted by the effect of loss to

GREEN TEA CONSUMPTION AND MORTALITY IN JAPAN

follow-up. Third, since green tea con-
sumption was assessed on the basis on
self-administered questionnaires, some
misclassification of consumption sta-
tus could arise in estimating the effect
of the beverage. However, this misclas-
sification may be nondifferential and
would tend to result in underestima-
tion of the impact of green tea con-
sumption.

Healthy or unhealthy behavior, in
association with high green tea con-
sumption, could have confounded
the correlation between green tea
consumption and mortality. Almost
all Japanese persons consume green
tea as one of their favorite beverages
and it is unlikely that green tea con-
sumption was driven by health con-
cerns. Therefore, the possibility that
the observed inverse associations
between green tea and mortality were
confounded by habits related to
health consciousness is small. How-
ever, although we statistically con-
trolled for a variety of potential
confounding factors and conducted
analysis after excluding death during
the first 3 years of follow-up, and
the findings were robust, we could
not eliminate residual confounding.

Clinical trials are ultimately neces-
sary to confirm the protective effect
of green tea on mortality.
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University School of Public Policy, Sendai 980-85746, Japan

N Kikuchi®', K Ohmori', T Shimazu', N Nakaya', S Kuriyama', Y Nishino?, Y Tsubono® and I Tsuji'

"Division of Epidemiology, Department of Public Health and Forensic Medicine, Tohoku University Graduate School of Medicine, 2-1 Seiryo-machi, Aoba-
ku, Sendai, Miyagi 980-8575, Japan; *Department of Epidemiology, Miyagi Cancer Center, Natori 981-1293, Japan; *Division of Health Policy, Tohoku

{43, trend P=081).

Published online 27 June 2006
© 2006 Cancer Research UK

Although laboratory studies have suggested a protective effect of
green-tea polyphenols against development of prostate cancer in
animal models (Gupta et al, 1999; Saleem et al, 2003), few
epidemiological studies have examined the association. A case-
control study in China found that green-tea intake was associated
with a lower risk of prostate cancer (Jian ef al, 2004), whereas a
prospective study of Japanese Americans in Hawaii and a case-
control study in Japan found no such association (Severson et al,
1989; Sonoda et al, 2004). The age-standardised incidence of
prostate cancer is low in Japan (12.7 per 100000), being
approximately one-tenth of that in the US (Parkin, 2002). Green-
tea consumption per capita in Japan is the highest in the world
(International Tea Committee, 2004). One reason for the low
incidence of prostate cancer in Japan may be the high consump-
tion of green tea. We therefore examined the association between
green-tea consumption and prostate cancer incidence among men
in the Ohsaki Cohort Study conducted in rural Japan.

MATERIALS AND METHODS

The details of the Ohsaki Cohort Study have been described
previously (Tsuji et al, 1999; Anzai et al, 2005). Briefly, this
prospective cohort study was started in 1994 and included 26 481
men aged 40-79 years living in 14 municipalities of Miyagi
Prefecture (95% response rate) (Anzai et al, 2005). The study used
a self-administered questionnaire that included items about the
frequency of consumption of beverages (coffee, green tea, black
tea) and food items, as well as alcohol drinking, smoking and other
health-related lifestyle factors. We asked the subjects about their
frequency of green-tea consumption according to five categories:
never, occasionally, 1~2 cups per day, 3-4 cups per day and 5 or
more cups per day. The validity of green-tea consumption was
assessed by calculating Spearman correlation coefficients between

*Correspondence: Dr N Kikuchi; E-mail: nkikuchi@mail tainstohokuacjp
Received 20 April 2006; revised 25 May 2006; accepted 31 May 2006,
published online 27 june 2006

Keywords: green tea; prostate cancer; prospective cohort study

In a prospective study of 19561 Japanese men, green-tea intake was not associated with a lower risk of prostate cancer (110 cases),
the multivariate hazard ratio for men drinking 25 cups compared with < | cup per day being 0.85 (95% confidence interval 0.50~
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the 12-day dietary records and the 40-item food-frequency
questionnaire. The age- and energy-adjusted Spearman correlation
coefficient in men was 0.71 (Ogawa et al, 2003). After exclusion of
subjects with missing responses or with a prior history of cancer,
19561 subjects remained. We followed up the vital and residential
status of the subjects using population registries from 1 January
1995 to 31 December 2001. Reference to population-based cancer
registries identified 110 incident cases of prostate cancer (7 years of
follow-up with 121 543 person-years). During the study period, there
was no mass screening programme for prostate cancer in this area.

We combined the lower two categories of green-tea consump-
tion into the single category ‘less than one cup per day’ because of
the small number of subjects in each category. We estimated
hazard ratios (HRs) and the 95% confidence interval (CI) of
prostate cancer incidence according to green-tea comsumption,
using the Cox proportional hazards model with adjustment for age
and potential confounders. P-values for the test of linear trend
were calculated by treating the green-tea consumption category as
an ordinal variable. All P-values were two-tailed. This study had
approximately 80% statistical power, with a two-sided a-error level
of 5%, in detecting a true HR of 0.75 among the highest vs lowest
categories of green-tea consumption.

RESULTS

Table 1 shows the characteristics of the subjects according to
green-tea consumption. Subjects with a higher green-tea intake
tended to be older, to have a higher calorie intake, to consume
calcium and fish more frequently, and to drink coffee less
frequently.

We found no significant association between green-tea con-
sumption and the risk of prostate cancer. Multivariate HRs for
prostate cancer associated with drinking 1-2, 3~4 and 5 or more
cups of green-tea per day, as compared with less than one cup per
day, were 0.77 (95% CI 0.42-1.40), 1.15 (0.69-1.94), and 0.85
(0.50-1.43), respectively (trend P=0.81) (Table 2). Exclusion of
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Table 1 Characteristics of the subjects according to green-tea consumption

Green-tea consumption (cups per day)

Characteristic <1 | or2 3or4 >5
No. 5982 4460 3397 5122
Age (years), means-ts.d. 5784107 580-+109 605+ 104 619499
Smoking (%)

Never 20.5 19.1 19.1 169

Past 24.7 240 275 27.8

Current 548 569 534 553
Alcohol drinking (%)

Never {64 4.6 152 183

Past 10.5 9.8 10.2 1.5

Current 73.1 756 74.6 702
Body mass index (%)

<185 84 7.6 64 7.6

185-249 65.3 67.0 68.6 67.7

2250 263 254 250 247
Daily calorie intake (kcal day™ "), means+s.d. 1776+614 1809 + 602 1847 589 19024592
Daily calcium intake (mgday™"), means+s.d. 373+ 163 400% 163 423+ 160 457 £ 160
Woalking duration (%)

At least | hday™ 49.6 48.1 45.8 48.6

Under | hday™ 504 519 542 51.4
Meat consumption (%)

Few 28.6 24.8 26.1 29.0

1 -2 times/month 48.8 509 50.2 475

| -2 or more times/week 226 243 237 235
Fish consumption (%)

Few or | ~2 times/week 355 317 268 224

34 times/week 326 348 364 338

Daily 319 335 36.8 44.1
Coffee consumption (%)

Never 234 17.3 194 23.1

Occasionally 330 323 382 413

| -2 29.1 37.1 311 238

23 14.5 133 1.3 11.8
Black tea consumption (%)

Never 68.8 634 63.2 66.3

Occasionally 29.1 30.6 326 302

|-2 1.7 53 25 2.1

>3 04 07 1.7 14

n= [9561. s.d. denctes standard deviation.

Table 2 HRs and 95% Cls of prostate cancer according to green-tea consumption

Green-tea consumption (cups per day)

Variable <1 lor2 3or4 =5 Trend P

No. of cases 29 18 3t 32

Person-years 36925 27658 24788 32172

Age-adjusted HR 1.00 079 (044—-143) 1.26 (0.76-2.09) 0.90 (0.55-1.50) 096
Mutltivariate HR® 1.00 0.77 (042-1.40) 115 (0.69-1.94) 0.85 (0.50-1.43) 0.81

HR == hazard ratio; Cl = confidence interval. *Mulitivariate HR was adjusted for age (in years), body mass index (< 18.5, 18.5-24.2 and >25.0), alcchol consumption (never,
former and current drinking), smoking status (never, former, and current smoking), marital status (marriage at age <25, 25-29, 230, unmarried, separated or divorced), daily
calorie intake (continuous), daily calcium intake (tertile), walking duration (< [ h day™', and =1 hday™") , consumption frequencies of black tea and coffee (never, occasionally,
1 -2, and >3 cups per day), consumption frequendies of meat (few, | -2 times/month, | -2 or more timesAweek) and consumption frequencies of fish (few or 12 times/week,
3-4 times/week, daily).
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