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Abstract

The aim of our study was to assess the association between green tea consumption and all-cause and cause-specific mortal-
ity in a pooled analysis of eight Japanese population-based cohort studies. Pooled hazard ratios (HR) and 95% confidence
intervals (CI), derived from random effects models, were used to evaluate the associations between green tea consumption,
based on self-report at baseline, and risk of all-cause and cause-specific mortality. During a mean follow-up of 17.3 years,
among 313,381 persons, 52,943 deaths occurred. Compared with individuals who consumed < 1 cup/day, those in the high-
est consumption category (> 5 cups/day) had a decreased risk of all-cause mortality [the multivariate-adjusted HR was 0.90
(95% C10.87-0.94) for men and 0.82 (0.74-0.90) for women]. A similar inverse association was observed for heart disease
mortality [HR 0.82 (0.75-0.90) for men, and 0.75 (0.68-0.84) for women], and cerebrovascular disease mortality [HR 0.76
(0.68-0.85) for men, and 0.78 (0.68-0.89) for women]. Among women, green tea consumption was associated with decreased
risk of total cancer mortality: 0.89 (0.83-0.96) for the 1-2 cups/day category and 0.91 (0.85-0.98) for the 3—4 cups/day
category. Results for respiratory disease mortality were [HR 0.75 (0.61-0.94)] among 3—4 cup daily consumers and [HR
0.66 (0.55-0.79)] for > 5 cups/day. Higher consumption of green tea is associated with lower risk for all-cause mortality
in Japanese, especially for heart and cerebrovascular disease. Moderate consumption decreased the risk of total cancer and
respiratory disease mortality in women.
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adults consume green tea on a daily basis [3], making it an
important part of Japanese lifestyle, especially in the old
generations.

Several previous prospective cohort studies in Japan have
reported an inverse association between green tea consump-
tion and all-cause mortality, with varied magnitude of risk
reduction (up to 50%) observed for habitual tea consum-
ers [4, 5]. However, mixed findings have been reported for
cause-specific mortality in relation to green tea. Green tea
appears to reduce the risk of cardiovascular disease mortal-
ity [6], such as stroke [7-9]. The association of green tea
with overall cancer risk remains inconclusive [2, 10, 11], and
contradicting results were reported for site-specific cancers
including esophageal and lung cancer [12-18].

To better characterize health benefits of green tea, we
assessed the association between green tea consumption
and risk of all-cause and cause-specific mortality (cancer,
heart disease, cerebrovascular disease, respiratory disease,
and accidents and injuries), on the basis of a pooled analysis
of eight population-based cohort studies in Japan. In these
cohorts most participants daily consumed green tea com-
pared to Chinese or black tea [19].

Methods
Study population

Since 2006, the Research Group for the Development
and Evaluation of Cancer Prevention Strategies in Japan
has been conducting pooled analyses of cohort studies
[20]. The aim of the Research Group is to evaluate the
associations between lifestyle factors and cancer or other
causes of mortality in the Japanese population. Potential
cohorts were identified from the Japan Cohort Consortium,
which is comprised of 10 cohorts including over 500,000

participants [20]. For the present analysis, cohort inclu-
sion criteria were defined as follows: Japanese population-
based cohorts with over 30,000 enrollees that commenced
in the 1980s and 1990s, use of a validated questionnaire
(details of validation included under exposure assessment)
to obtain baseline data on green tea consumption, and the
availability of follow-up data on cause-specific mortality.
As a result, eight Japanese population-based cohort stud-
ies were eligible for the present analysis: (1) the Japan
Public Health Center-based Prospective Study-I (JPHC-I)
[21], (2) the Japan Public Health Center-based Prospec-
tive Study-II JPHC-II) [21], (3) the Japan Collaborative
Cohort Study (JACC) [22], (4) the Miyagi Cohort Study
(MIYAGI) [23], (5) the Ohsaki National Health Insurance
Cohort Study (OHSAKI) [24], (6) the Three-Prefecture
Cohort Study—Miyagi portion (3-pref MIYAGI) [25], (7)
the Three-Prefecture Cohort Study—Aichi portion (3-pref
AICHI) [25], and (8) the Three-Prefecture Cohort Study—
Osaka portion (3-pref OSAKA) [25]. Follow-up from the
start of each cohort baseline survey to end of follow-up
varied across cohorts: JPHC-I (1990 to 2011), JPHC-II
(1993-1994 to 2011), JACC (1998-1990 to 2009), MIY-
AGI (1990 to 2013), OHSAKI (1994 to 2008), 3-pref
MIYAGTI (1984 to 1998), 3-pref AICHI (1985 to 2000),
and 3-pref OSAKA (1983 to 2000).

Participants were excluded if they had missing infor-
mation on sex, age, area (only for JPHC and JACC stud-
ies), green tea intake, and history of cancer, stroke, or past
myocardial infarction at baseline (Fig. 1). Studies were
approved by the relevant institutional ethics review boards.
The JPHC [19] and OHSAKI [4] studies have published
papers on the association between green tea consumption
and all-cause and cause-specific mortality. However, we
re-analyzed the associations using more recent datasets
from these cohorts.

Fig. 1 Participant flowchart

Participants from eight Japanese cohorts at baseline (age >40years, n= 454 235) |

Past history of cancer (n=6 341), stroke (n=4 056), myocardial infarction (n=13 057),
coffee consumption missing (n=66 380). Green tea consumption missing (n=55 006).
Average percent excluded: 34.52% (range: 22.11% to 40.62%)

For analysis (n=313 381) (144 750 men and 168 631 women) ‘

Missing information (treated as dummy) smoking, (n=20 136), alcohol drinking (n=30
673), body mass index (n=9 699), past history of diabetes (n=25 613), and
hypertension (n=23 395)

Average follow-up: 17.3 years

Total deaths: n=52 943 (32 085 men and 20 858 women)
Cause-specific mortality: cancer (n=19 495), heart disease (n=7 321), cerebrovascular
disease (n=6 387), respiratory disease (n=3 490), and accidents and injuries (n= 3 382)
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Exposure assessment

All eight cohort studies included a self-administered ques-
tionnaire on lifestyle factors, including dietary habits. The
baseline questionnaires contained questions on frequency
and quantity of green tea intake. The frequency was classi-
fied into four categories: <1, 1-2, 3—4, and > 5 cups per day,
which were the most commonly used categories across all
included cohort studies. (Online Resource 1 and 4). Among
the cohorts which reported results, only a small portion of
participants never drank green tea in the: 16.6% (JPHC-I),
8% (JPHC-1I), 7% (OHSAKI) and 5% (Miyagi) [26], while
18.2% (JPHC-1), 10.7% (JPHC-1I), 19% (OHSAKI) and
14% (Miyagi) [26] reported occasionally drinking tea [4,
19]. Therefore these two categories were combined into one
category (< 1 cup/day) [19]. Green tea in Japan is almost
exclusively consumed without the addition of milk or sugar.

Spearman rank correlation coefficients between ques-
tionnaires and dietary records were used to assess validity
of green tea consumption-related questions. The correla-
tion coefficients were 0.57 for men and 0.63 for women in
JPHC-I [27] and 0.37 and 0.43, respectively in JPHC-II [19,
28], 0.47 in JACC [3], 0.71 for men and 0.53 for women
for OHSAKI [4, 29], and 0.71 for men and 0.53 for women
in MIYAGI and 3-pref MIYAGTI [29]. For 3-pref AICHI
and 3-pref OSAKA, information on validation of green tea
drinking was not available. However these studies asked the
same green tea consumption questions as 3-pref MIYAGI
[30] (Online Resource 4).

Covariate assessment

Covariate data, such as body mass index (BMI), history
of diabetes and hypertension, cigarette smoking, alcohol
consumption, and coffee intake, were collected from each
participating cohort. BMI was calculated as self-reported
weight in kilograms divided by height in meters squared
at baseline. History of diabetes and hypertension was self-
reported. Smoking status (never, former and current), and
number of cigarettes smoked per day among current smok-
ers were available for all participating cohorts. Alcohol
consumption was quantified as ethanol intake in grams/day,
based on frequency and standard portions (“go” =180 ml
or equivalent bottle of beer or glass of wine) in each cohort.

Outcome ascertainment

We assessed the associations between green tea consump-
tion and risk for all-cause mortality and five leading causes
of death in Japan (11): cancer (C00—C97), heart disease
(I20-152), cerebrovascular disease (I160-169), respiratory
disease (J10-J18 and J40-J47), and accidents and inju-
ries (V01-X59, X60-X84, X85-Y09, and Y85-Y86). The

underlying causes were recorded from death certificates com-
piled in the Ministry of Health, Labour and Welfare, and they
were coded according to the International Classification of
Diseases and Health Related Problems, Tenth Revision (ICD-
10) [31].

Statistical analysis

Person-years of follow-up were calculated using the date of the
baseline surveys until the date of death or end of follow-up,
whichever occurred first. Hazard ratios were estimated using
a cox proportional hazards model and two-sided 95% confi-
dence intervals for each study, with <1 cup/day serving as
the reference category. Given possible between- and within-
study variations, we applied a random effects model to obtain
a pooled hazard ratio estimate from the individual studies [32].
Four studies included in this pooled analysis concluded results
varied between men and women, therefore we have stratified
analyses by sex [4, 19, 33]. All analyses were adjusted for
age at baseline (years, continuous), area (for JPHC-I, JPHC-II
and JACC), smoking status [men: never, former, current (<20
cigarettes/day, > 20 cigarettes/day); women: never, former,
current], alcohol intake [men: none (never/former), <once/
week, regular (grams of ethanol/day) (<23, 23 to <46, 46 to
<69, 69 to <92, >92); women: none (never/former), <once/
week, regular (grams of ethanol/day) (<23, >23)], BMI [kg/
m2(< 18.5, 18.5 to <25, 25 to <30, >30)], history of diabetes
(yes, no) and hypertension (yes, no), and coffee intake (cups/
day). Individuals with a BMI (kg/mz) of <14 or >40 were
excluded as these are considered outliers in the Japanese con-
text. To address reverse causality, we performed sensitivity
analyses in which deaths occurring within 5 years of follow-up
were excluded. We repeated analyses stratified by smoking
status (current, never), for cause-specific outcomes in female
non-smokers (Online Resource 3). Former smokers were
excluded from this analysis. We also stratified by duration of
follow-up (< 15 or > 15 years) for all cause-mortality (Online
Resource 2a—f).

Models were analyzed separately in each cohort. Subse-
quently a meta-analysis was performed using random effects
models. Heterogeneity among studies was tested using Q
statistics [32]. 1% statistics for highest versus reference cat-
egory indicated the hazard ratio variation (in percentage) as
a result of between-study heterogeneity [34]. STATA Ver-
sion 14.0 (Stata Corporation, College Station, TX) was used
for statistical analyses.

Results
The current pooled analysis included 313,381 participants

(144,750 men and 168,631 women), aged over 40 years at
baseline. During an average follow-up of 17.3 years, 52,943
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deaths occurred (19,495 from cancer, 7321 from heart dis-
ease, 6387 from cerebrovascular disease, 3490 from res-
piratory disease, and 3382 from accidents and injuries)
(Tables 1, 2, 3).

Table 1 presents baseline characteristics of the popu-
lations in each Japanese cohort study (Online Resource
1). In all cohorts, age was greater than 40 years at the
time of the baseline survey. The total population before
exclusions consisted of 454,235 participants ranging from

31,345 (MIYAGI-II) to 110,585 (JACC). The response
rate for the baseline questionnaire was greater than 80%
in all included studies (average response rate: 87%). The
exclusion rate was 34.52%, calculated as participants
excluded from the current analysis in comparison to total
participants enrolled in cohort studies initially (Fig. 1).
We do not have data for all cohorts, however based on the
JPHC studies, non-responders were similar to participants

Table 1 Characteristics of the Japanese cohort studies included in the present pooled analysis

Number of sub- Number of Remarks

Study

Initial popula-
tion

Age range
at baseline,
years

Follow-up
(start—end)

Average follow-

up period, years jects

deaths

Men ‘Women

Men ‘Women

JPHC-1

JPHC-II

JACC

MIYAGI

OHSAKI

3-pref MIYAGI

3-pref AICHI

3-pref OSAKA

Total

Japanese
residents of 5
public health
center areas in
Japan

Japanese
residents of 6
public health
center areas in
Japan

Residents from
45 areas
throughout
Japan

Residents of 14
municipali-
ties in Miyagi
Prefecture,
Japan

Residents of 14
municipali-
ties in Miyagi
Prefecture,
Japan

Residents of 3
municipali-
ties in Miyagi
Prefecture,
Japan

Residents of 2
municipalities
in Aichi Pre-
fecture, Japan

Residents of 4
municipali-
ties in Osaka
Prefecture,
Japan

8 cohorts in
Japan

40-59

40-69

40-79

40-64

40-79

40+

40-103

40-97

1990-2011

1993-2011

1988-2009

1990-2013

1994-2008

1984-1998

1985-2000

1983-2000

20.25

17.30

16.10

20.52

11.66

10.98

11.67

12.56

22,597 25,382

27,941 31415

28,258 39,446

16,874 18,077

12,152 13,194

16,749 18,185

8663 9951

11,516 12,981

144,750 168,631

4063 2083

6299 3622

8417 6431

4018 2253

3121 1794

1664 1240

2041 1508

2462 1927

32,085 20,858

Missing injury
and accident
data

Missing injury
and accident
data

Missing injury
and accident
data

JPHC, the Japan Public Health Center-based prospective Study; JACC, the Japan Collaborative Cohort Study; MIYAGI, the Miyagi Cohort
Study; 3-pref MIYAGI, the Three-Prefecture Cohort Study in Miyagi; 3-pref AICHI, Three-Prefecture Cohort Study in Aichi; OHSAKI, the
Ohsaki Cohort Study; 3-pref Osaka, the Three-Prefecture Cohort Study in Osaka
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Table 2 Pooled analysis evaluating the effect of green tea consumption and mortality risk in Japanese men

Green tea consumption

<1 cup/day 1-2 cups/day 3—4 cups/day >5 cups/day Hetero-geneity?
HR* HR 95% CI HR 95% CI HR 95% CI I (%)

Total no. of subjects 34,877 30,831 36,021 43,021

(n=144,750)

Person-years 66,955,804 51,967,680 47,513,864 61,678,040
All mortality

No. of cases (n=32,085) 7089 5890 7883 11,223

HR1 (model 1°) 1.00 0.94 (0.91-0.97) 091 (0.87-0.96) 0.92 (0.88-0.95) 40.1

HR2 (model 2°) 1.00 0.95 (0.92-0.98) 0.93 (0.89-0.97) 0.90 (0.87-0.94) 33.3
Cancer mortality

No. of cases (n=12,540) 2542 2299 3121 4578

HR1 (model 1°) 1.00 1.02 (0.96-1.08) 1.02 (0.95-1.10) 1.09 (0.01-1.16) 43.3

HR2 (model 2°) 1.00 1.02 (0.96-1.08) 1.02 (0.95-1.10) 1.06 (0.99-1.14) 42.0
Heart disease mortality

No. of cases (n=4195) 970 787 982 1456

HR1 (model 1°) 1.00 0.93 (0.84-1.04) 0.81 (0.73-0.88) 0.84 (0.77-0.91) 0.0

HR2 (model 2°) 1.00 0.95 (0.85-1.06) 0.83 (0.75-0.91) 0.82 (0.75-0.90) 0.0
Cerebrovascular disease mortal-

ity

No. of cases (n=3487) 829 623 824 1211

HR1 (model 1°) 1.00 0.85 (0.76-0.94) 0.79 (0.70-0.89) 0.76 (0.68-0.85) 19.5

HR2 (model 2°) 1.00 0.85 (0.76-0.95) 0.79 (0.70-0.91) 0.76 (0.68-0.85) 22.7
Respiratory disease mortality

No. of cases (n=2895) 573 516 718 1088

HR1 (model 1°) 1.00 1.03 (0.91-1.16) 0.96 (0.82-1.12) 0.92 (0.76-1.08) 53.8

HR2 (model 2°) 1.00 1.06 (0.94-1.20) 0.98 (0.85-1.12) 0.90 (0.76-1.07) 54.0
Accidents and injuries

mortality®

No. of cases (n=2123) 554 434 513 622

HR1 (model 1°) 1.00 0.91 (0.80-1.03) 0.91 (0.77-1.07) 0.83 (0.65-1.05) 72.3

HR2 (model 2°) 1.00 0.92 (0.81-1.05) 0.92 (0.77-1.10) 0.82 (0.64-1.03) 70.6

CI, confidence interval; HR, hazard ratio

2Cox proportional hazards models were used with random effects

®Model 1: adjusted for age (years, continuous) and area (JPHC and JACC only)

“Model 2: adjusted for smoking status (never, former, <20 cigarettes/day, >20 cigarettes/day), alcohol intake [none (never/former), <1 times/
week, regular (grams of ethanol/day) (<23, 23 to <46, 46 to <69, 69 to <92, >92)], BMI [kg/m2(< 18.5, 18.5 to <25, 25 to <30, >30, <14,
>40 were treated as missing)], history of diabetes (yes, no) and history of hypertension (yes, no), and coffee (cups/day) in addition to adjustment

in model 1

9Heterogeneity across cohorts for the highest versus reference category (< 1 cup/day)
¢Accident and injuries data not available for 3-pref MIYAGI, Aichi and OSAKA

responding to the questionnaires [35, 36] which made up
the largest portion of those excluded.

Overall, green tea consumption was associated with
decreased risk of all-cause mortality in both sexes (Tables 2,
3). The inverse association was similar after stratifying by
duration of follow-up in me both men and women (Online
Resource 2). Among men, compared with individuals who
consumed < 1 cup/day, the multivariate-adjusted HRs were
0.95 (0.92-0.98), 0.93 (0.89-0.97), and 0.90 (0.87-0.94)

for individuals who consumed 1-2, 3—4, and >5 cups/day,
respectively. Among women, the corresponding multivari-
ate-adjusted HRs were 0.90 (0.85-0.95), 0.84 (0.77-0.92),
and 0.82 (0.74-0.90) respectively. After excluding deaths
within 5 years after the start of follow-up, these inverse
associations remained consistent among women, while
associations seemed attenuated among men who consumed
the 1-2 and 3—4 cups/day. Results were similar in the sub-
group analysis restricted to women who had never smoked
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Table 3 Pooled analysis evaluating the effect of green tea consumption and mortality risk in Japanese women

Green tea consumption

<1 cup/day 1-2 cups/day 3—4 cups/day >5 cups/day Hetero-geneity?
HR* HR 95% CI HR 95% CI HR 95% CI I (%)

Total no. of subjects 37,849 31,484 45,002 54,296

(n=168,631)

Person-years 66,469,068 55,581,372 57,713,196 77,297,720
All mortality

No. of cases (n=20,858) 4593 3374 5458 7433

HR1 (model 1°) 1.00 0.87 (0.82-0.93) 0.82 (0.74-0.90) 0.81 (0.73-0.90) 86.4

HR2 (model 2°) 1.00 0.90 (0.85-0.95) 0.84 (0.77-0.92) 0.82 (0.74-0.90) 83.8
Cancer mortality

No. of cases (n=7294) 1839 1384 1761 2310

HR1 (model 1°) 1.00 0.89 (0.82-0.96) 0.88 (0.82-0.95) 0.91 (0.84-0.99) 26.7

HR2 (model 2°) 1.00 0.89 (0.83-0.96) 091 (0.85-0.98) 0.91 (0.82-1.00) 39.7
Heart disease mortality

No. of cases (n=3236) 849 542 774 1071

HR1 (model 1°) 1.00 0.77 (0.67-0.89) 0.75 (0.64-0.88) 0.74 (0.66-0.83) 25.1

HR2 (model 2°) 1.00 0.80 (0.69-0.93) 0.78 (0.67-0.90) 0.75 (0.68-0.84) 9.3
Cerebrovascular disease mortal-

ity

No. of cases (n=2910) 757 520 691 942

HR1 (model 1°) 1.00 0.90 (0.75-1.08) 0.81 (0.70-0.93) 0.77 (0.67-0.89) 40.1

HR2 (model 2°) 1.00 0.93 (0.78-1.11) 0.83 (0.72-0.96) 0.78 (0.68-0.89) 32.5
Respiratory disease mortality

No. of cases (n=1522) 428 293 358 443

HR1 (model 1°) 1.00 0.86 (0.73-1.02) 0.73 (0.59-0.91) 0.63 (0.52-0.77) 35.7

HR2 (model 2°) 1.00 0.90 (0.76-1.07) 0.75 (0.61-0.94) 0.66 (0.55-0.79) 29.5
Accidents and injuries

mortality®

No. of cases (n=1270) 303 245 311 411

HR1 (model 1°) 1.00 0.98 (0.79-1.20) 0.72 (0.43-1.18) 0.76 (0.48-1.19) 86.2

HR2 (model 2°) 1.00 1.00 (0.82-1.23) 0.74 0.46-1.21) 0.77 (0.50-1.20) 84.9

CI, confidence interval; HR, hazard ratio

2Cox proportional hazards models were used with random effects

®Model 1: adjusted for age (years, continuous) and area (JPHC and JACC only)

“Model 2: adjusted for smoking status (never, former, current), alcohol intake [none (never/former), <1 times/week, regular (grams of ethanol/
day) (<23, >23)], BMI [kg/m2(< 18.5, 18.5 to <25, 25 to <30, >30, < 14, >40 were treated as missing)], history of diabetes (yes, no) and his-
tory of hypertension (yes, no), and coffee (cups/day) in addition to adjustment in model 1

9Heterogeneity across cohorts for the highest versus reference category (< 1 cup/day)
¢All mortality current smoker data not available for MIYAGI, OHSAKI, 3-pref MIYAGI, 3-pref OSAKA and accident and injuries data not

available for 3-pref MIYAGI, AICHI and OSAKA

before. For men, significant associations were only noted
among never smokers with consumption of >5 cups/day,
and among never smokers and current smokers with con-
sumption of 3—4 cups/day.

Green tea consumption was inversely associated with
heart disease mortality in men. For men who consumed
3-4 and > 5 cups of green tea per day inverse associations
were observed [HR (95% CI) 0.83 (0.75-0.91), and 0.82
(0.75-0.90), respectively]. In women, inverse associations
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with all three consumption categories were observed: HR
(95% CI) was 0.80 (0.69-0.93) for 1-2 cups/day, 0.78
(0.67-0.90) for 3—4 cups/day, and 0.75 (0.68-0.84) for
> 5 cups/day.

Cerebrovascular disease mortality was associated
with green tea in both sexes: for men, HR (95% CI) was
0.85 (0.76-0.95) for 1-2 cups/day; 0.79 (0.70-0.91) for
3—4 cups/day; and 0.76 (0.68-0.85) for > 5 cups/day 0.76;
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for women, 0.83 (0.72-0.96) for 3—4 cups/day, and 0.78
(0.68-0.89) for > 5 cups/day.

A risk reduction was observed for overall cancer mortal-
ity among women: HR (95% CI) was 0.89 (0.83-0.96) for
1-2 cups/day, 0.91 (0.85—0.98) for 3—4 cups/day. In Table 2,
the results for cancer in men suggest a weak increased risk:
HR (95% CI) was 1.02 (0.96-1.08) for 1-2 cups/day, 1.02
(0.95-1.10) for 3—4 cups/day, and 1.06 (0.99-1.14) for >5
cups/day. Green tea was associated with decreased risk of
death from respiratory disease in women only: HR (95% CI)
was 0.75 (0.61-0.94) for 3—4 cups/day, and 0.66 (0.55-0.79)
for >5 cups/day.

Discussion

In this pooled analysis including eight Japanese representa-
tive cohorts, green tea consumption was associated with
lower risk of all-cause mortality, as well as cause-specific
mortality, including heart disease and cerebrovascular dis-
ease, in both men and women. In addition, green tea was
inversely associated with risk of total cancer mortality and
respiratory disease mortality in women.

For women the risk reduction was slightly greater in the
cohorts with shorter follow-up periods (< 15 years) in the
3—4 cups/day > 5 cups/day consumption categories. Of indi-
vidual cohorts, five cohorts reported a risk reduction ranging
from 8 to 16% in men and 17-35% in women in the highest
consumption category (Online Resource 2). Based on the
results presented in the Online Resource 2 a clearer risk
reduction emerged in this pooled analysis compared with
the individual cohort results.

The association between green tea consumption and all-
cause mortality among Japanese may be confounded by age,
alcohol intake, coffee consumption, diabetes, hypertension,
physical activity, and smoking, although the role of alco-
hol, BMI, and smoking is inconclusive [4, 19, 33]. Previous
Japanese studies found frequent green tea consumers are
less likely to habitually consume coffee [4, 19, 37, 38]. In
the Japanese context, people who consumed more green tea
were more likely to engage in sports [4, 19, 33]. Relevant
questions in the individual cohorts included in this analysis
are not comparable, therefore we did not adjust for seden-
tarism or sports. Family history of first-degree relatives is
relevant, however comprehensive data was not collected
in all included cohorts. The observed inverse association
between green tea intake and all-cause mortality may be a
true association and not confounded by water consumption.
Typically Japanese in these cohorts drink tea and almost no
water [39, 40].

A 2015 meta-analysis and two more recent Chinese stud-
ies support our findings that green tea consumption reduces
the risk of mortality from cardiovascular disease [6, 41,

42]. Relative risk in the meta-analysis was 0.67 (0.46-0.96)
for the highest versus lowest category [6], which was com-
parable, slightly greater than our results for men (hazard
ratio 0.82, 95% confidence interval 0.75-0.90) and women
(0.75, 0.68-0.84). Several mechanisms by which green tea
may reduce risk of cardiovascular disease have been pro-
posed. Polyphenols in green tea are known to exert anti-
oxidant effects on the cardiovascular system [43]. Within
the tea family, green tea has the highest concentration of
(-) epigallocatechin gallate (EGCG) [44], which has been
shown to regulate blood pressure, body fat [45], lipids [46],
and improve glycemic control [47]. In addition, caffeine in
green tea may help maintain blood vessel homeostasis [48,
49]. Collectively or individually, these tea components may
modulate risk factors for cardiovascular diseases, thereby
leading to decreased mortality risk.

Some compounds found in green tea, possibly act as a
bronchodilator and improve pulmonary function, partially
explaining the lower risk of death from respiratory disease
[50]. However, the concentration of caffeine in green tea is
relatively low.

Overall cancer risk is “aggregate” of the spectrum of
risks conveyed by site-specific cancers. We sought to assess
the impact of green tea on total cancer mortality, rather
than investigate individual associations for specific cancer
sites. Among women but not men, low to moderate green
tea consumption was associated with lower risk of total
cancer mortality: hazard ratio 0.89 (95% CI 0.83-0.96)
for the 1-2 cups/day category and 0.91 (0.85-0.98) for the
3—4 cups/day category. The reason for an inverse associa-
tion between green tea consumption and risk of total cancer
mortality is not clear. The observed decreased risk may be
due to the active ingredient of camellia sinesis, which con-
tains polyphenol. Polyphenol as a compound may inhibit
cell proliferation and promote antioxidant activity [51, 52].
EGCG mixed with other catechins may initiate apoptosis,
self-destruction of tumor cells without harming healthy tis-
sue [11]. The observed reduced risk with cancer mortal-
ity may relate to lifestyle, socioeconomic factors or other
residual confounding which could vary by amount of con-
sumption even though most Japanese consume green tea [4].
Green tea consumption was likely not driven by health con-
cerns [4]. Interestingly, reduced cancer mortality risk was
observed only in women but not in men. This male—female
difference, a weak inverse association between green tea
and gastric cancer was reported in a pooled analysis of six
Japanese cohort studies reported by the Japanese Cancer
Prevention Group [53, 54]. Two recent studies conducted
in China found conflicting evidence; one found no associa-
tion between green tea and total cancer mortality [41], while
another among men showed a reduced risk of death from
cancer [42]. Numerous case—control and cohort studies have
examined the association between green tea consumption
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and risk of specific cancer sites, including breast, colorec-
tal, esophageal, gastric, liver, lung, pancreatic and prostate
cancer [12-18, 55-57]. Some studies have found a higher
risk of esophageal cancer in participants consuming hot tea
[58]. However, the findings have been mixed and inconclu-
sive, reflecting difficulties and complexities in evaluating the
effect of green tea consumption on cancer risk in humans.

Few studies have examined the association between green
tea and accidents and injuries. While the confidence inter-
vals in our study include the null, the point estimates are
similar to results of other outcomes. These findings may be
due to mental or psychological factors as drinking green tea
may have a calming effect while simultaneously improv-
ing alertness [59]. The possibility of residual confounding
unadjusted for in this analysis cannot be excluded. More
research investigating different aspects of green tea con-
sumption, psycho-social factors and death due to accidents
and injuries could provide fresh insights for public health
prevention strategies.

The primary strength of this study is the large sample size
and nature of the individual Japanese prospective cohorts,
making it representative of the whole country. This pooled
analysis also has some limitations. Firstly, misclassification
could have occurred as green tea consumption was assessed
only once at baseline and habits may change over the course
of time. Secondly, beyond the quantity consumed, the analy-
sis does not reflect the green tea content or preparation in
more detail. Brewing method and steeping duration could
affect the bioavailability of polyphenols [60] and tea drink-
ing temperature could increase the risk of esophageal cancer
[58]. Thirdly, we did not have information on the chemical
make-up of the beverage, which may independently affect
the risk of mortality [19]. Lastly, we acknowledge a further
break down of mortality for example stroke and cancer type
could have been informative, however the focus of this pro-
ject was on all cause and major cause groupings.

In conclusion, our pooled analysis of Japanese cohort
studies suggests that higher consumption of green tea is
associated with lower risk for all-cause mortality in Japanese
men and women, especially for heart and cerebrovascular
disease.
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