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Green Tea and Coffee Consumption and All-
Cause Mortality Among Persons With and
Without Stroke or Myocardial Infarction
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Hiroyasu Iso®®, MD, PhD, MPH

BACKGROUND AND PURPOSE: The effect of green tea and coffee consumption on mortality among cardiovascular diseases
survivors is unknown. We examined the association between green tea and coffee consumption and mortality among persons
with and without stroke or myocardial infarction (MI).

METHODS: In the Japan Collaborative Cohort Study, 46213 participants (478 stroke survivors, 1214 MI survivors, and
44521 persons without a history of stroke or MI), aged 40 to 79 years at baseline (1988-1990), completed a lifestyle,
diet, and medical history questionnaire and were followed up regarding mortality until 2009. The Cox proportional hazard
model was used to calculate the multivariable hazard ratios with 95% Cls of all-cause mortality after adjusting for potential
confounding factors. v e

RESULTS: During the 18.5-year median follow-up period, 9253 cases were documented. Green tea consumption was inversely
associated with all-cause mortality among stroke or Ml survivors; the multivariable hazard ratios (95% Cls) for stroke survivors
were 0.73 (0.42-1.27) for 1 to 6 cups/wk, 0.65 (0.36—1.15) for 1 to 2 cups/d, 0.56 (0.34-0.92) for 3 to 4 cups/d, 0.62
(0.31-0.86) for 5 to 6 cups/d, and 0.38 (0.20-0.71) for =7 cups/d, compared with nondrinkers. A similar inverse association
was observed for Ml survivors, but not evident for those without a history-of stroke or MI. Coffee consumption was inversely
associated with all-cause mortality in persons without a history of stroke or MI; the multivariable hazard ratios (95% Cls)
were 0.86 (0.82-0.91) for 1 to 6 cups/wk, 0.86 (0.80—0.92) for 1 cup/d, and 0.82 (0.77-0.89) for >2 cups/d, compared
with nondrinkers. The corresponding hazard ratios (95% Cls) for Ml survivors were 0.69 (0.563-0.91), 0.78 (0.55-1.10), and
0.61 (0.41-0.90). No such association was observed for stroke survivors.

CONCLUSIONS: Green tea consumption can be beneficial in improving the prognosis for stroke or Ml survivors, whereas coffee
consumption can also be so for persons without a history of stroke or Ml as well as Ml survivors.
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beverages in Asia and has been extensively stud-
ied for its protective effect on chronic diseases,
including cardiovascular diseases (CVD)."? Mineharu et
al' previously showed that those who consumed 3 to
5 cups/d of green tea had a 41% lower CVD mortality

Green tea is one of the most commonly consumed

compared with nondrinkers of green tea in the general
Japanese population. These beneficial effects of green
tea consumption have also been reported in a recent
meta-analysis.?

Moreover, coffee is a popular beverage worldwide and
has been examined for its potential to reduce mortalities
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Nonstandard Abbreviations and Acronyms

CvD cardiovascular disease

JACC Japan Collaborative Cohort Study for
Evaluation of Cancer Risk

mi myocardial infarction

in the general population.'® Meta-analyses have con-
cluded that moderate coffee consumption was associ-
ated with a lower risk of all-cause and CVD mortality in
the general population.*®

Among myocardial infarction (MI) survivors, the con-
sumption of caffeinated tea, which included both black
and green teas, was associated with reduced CVD mor-
tality,5 but the consumption of caffeinated coffee was
not associated with the risk of cardiovascular events’
or all-cause mortality.® This suggests that the consump-
tion of tea and coffee may have different impacts on
the prognosis of patients with CVD. To the best of our
knowledge, no data are available on the association
between green tea intake and subsequent mortality
among Ml survivors. No previous studies have examined
the associations of green tea and coffee consumption
among stroke survivors.

With an aging population and improvement in the case
fatality rate of stroke or MI, scientific evidence focusing
on the lifestyles of stroke or Ml survivors has been gar-
nering interest® Therefore, the objective of the present
study was to examine and compare the association of
green tea and coffee consumption in relation to all-cause
mortality among persons with and without a history of
stroke or MI, using the data of a large long-term cohort
study of Japanese men and women.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Population
The JACC study (Japan Collaborative Cohort Study for
Evaluation of Cancer Risk) is a large nationwide community-
based prospective study that started between 1988 and
1990 and enrolled 110585 individuals (46395 men and
64 190 women) aged 40 to 79 years, living in 456 communities
across Japan. The methodology of the JACC study has been
described elsewhere.'® Briefly, a total of 110585 participants
were asked to complete self-administered questionnaires,
including demographic characteristics, medical history, lifestyle,
and diet. According to self-reported history of stroke and M,
we classified participants into 3 groups: history of stroke, his-
tory of MI, and no history of stroke or Ml.

From 110585 cohort participants, we excluded 3423 par-
ticipants (1423 men and 2000 women) living in 2 communi-
ties because the questions on the frequency of green tea or
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coffee consumption were not included in the questionnaire
(Figure | in the Data Supplement). We also excluded 17 243
daily green tea or coffee drinkers (7636 men and 9607
women) living in 12 communities because the questions on
the number of cups of green tea and coffee consumed per
day were not included in the questionnaire. Subsequently, we
excluded 12299 participants (4855 men and 7444 women)
owing to missing information on history of stroke or Ml
Furthermore, 962 participants (287 men and 675 women)
who reported a history of cancer and 120 participants (73
men and 47 women) who reported both a history of stroke
and M| were excluded. Finally, we excluded 30325 partici-
pants (13519 men and 16806 women) owing to missing or
inappropriate responses to green tea and coffee consump-
tion. A total of 46213 participants (18602 men and 27 611
women) were included in the analyses.

Before completing the questionnaire, the participants or
community representatives provided informed consent to be
involved in this epidemiological study, according to the guide-
lines of the Council for International Organizations of Medical
Sciences. Informed individual consent was obtained from each
participant in 36 of the 45 study areas (written consent in 35
areas and oral consent in 1 area). In the remaining 9 areas,
group consent was obtained from each area leader. This study
protocol was approved by the Ethics Committees of Nagoya
University and Osaka Universj

y A

Assessment of Green Tea and Coffee
Consumption

We asked participants about their frequency and amount of
green tea and coffee consumed using the following choices:
almost every. day, 3 to 4 cups per week, 1 to 2 cups per
week, 1-to 2 cups per month, and almost never. For those
who answered, almost every day, we further asked ques-
tions on the number of cups consumed per day. According
to their responses to these 2 questions, we classified their
response into 6 levels for green tea consumption (occasion-
ally or none, 1-6 cups/wk, 1-2, 3-4, 5-6, and >7 cups/d)
and into 4 levels for coffee consumption (occasionally or
none, 1-6 cups/wk, 1, and >2 cups/d). The type of coffee,
such as decaffeinated or caffeinated, was not asked because
decaffeinated coffee was not common, and most participants
consumed instant or drip brewed coffee during the baseline
survey period in Japan. The volume of a typical cup of green
tea and coffee was 100 and 150 mL, respectively. The vali-
dation study of the food frequency questionnaire used in this
cohort was conducted during the 1-year follow-up period,
indicating a relatively higher correlation coefficient of green
tea (Spearman correlation coefficient: 0.62) and coffee
(Spearman correlation coefficient: 0.86)."

Assessment of Confounding Variables

Other information on demographic and lifestyle factors was
derived from a self-administered questionnaire at baseline: age,
sex, height, weight, past medical history (such as diabetes and
hypertension), smoking and alcohol drinking status, exercise
and walking habits, mental status, educational level, occupation,
and eating habits. Body mass index was calculated as body
weight (kg) divided by the square of height (m?).
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Age-Adjusted Baseline Characteristics of Participants According to Green Tea Consumption

Green tea consumption

None 1-6 cups/wk | 1-2 cups/d 3-4 cups/d 5-6 cups/d 27 cups/d P for trend
History of stroke
No. of participants 55 62 63 140 107 51
Age, y 64.3 63.9 64.4 64.2 64.5 63.2 0.59
Sex, % of men 45.5 72.6 69.8 62.1 59.8 58.8 0.83
Body mass index, kg/m? 22.4 23.1 22.6 23.0 23.2 22.6 0.67
History of hypertension, % 60.0 56.5 61.9 56.8 59.1 56.9 0.81
History of diabetes, % 18.2 17.7 7.9 12.9 75 5.9 0.02
Current smoker, % 15.7 27.1 271 27.3 16.8 27.7 0.82
Current drinker, % 24.0 30.4 39.7 45.3 39.6 31.0 0.40
High mental stress, % 25.7 25.0 16.1 20.9 11.0 11.9 0.02
College or higher education, % 12.8 16.2 143 15.1 7.3 8.5 0.18
Unemployed, % 68.0 56.9 54.8 52.2 53.5 40.8 0.02
Walking >30 min/d, % 57.8 70.7 59.7 53.7 53.1 53.3 0.17
Exercise 21 h/wk, % 30.4 26.7 30.0 34.4 34.0 174 0.48
Vegetable intake, times/wk 10.2 14.9 13.3 14.5 15.0 15.9 0.009
Fish intake, times/wk 4.3 5.2 6.2 5.6 5.8 6.7 0.02
Fruits intake, times/wk 4.5 5.1 5.8 6.3 6.6 5.9 0.04
Soybeans intake, times/wk 3.9 4.5 4.5 4.7 5.5 5.2 0.01
History of Ml
No. of participants 159 170 162 336 2%3 i 124
Age, y 63.9 62.5 62.6 64.5 62.9 64.3 0.26
Sex, % of men 32.1 35.9 46.3 44.6 36.9 50.0 0.02
Body mass index, kg/m? 23.2 23.3 23.1 283.2 23.0 23.1 0.64
History of hypertension, % 56.0 50.9 50.0 48.8 52.9 43.9 0.12
History of diabetes, % 14.9 9.0 6.3 14.6 13.1 13.8 0.29
Current smoker, % 21.1 19.5 20.4 17.8 19.2 36.3 0.006
Current drinker, % 25.5 34.3 43.0 39.4 34.8 43.2 0.04
High mental stress, % 22.8 31.0 20.5 19.2 30.0 17.9 0.42
College or higher education, % 10.6 1141 16.0 16.6 13.2 16.4 0.20
Unemployed, % 39.9 271 35.7 38.8 30.3 36.6 0.43
Walking >30 min/d, % 56.2 55.5 59.4 59.6 51.6 50.0 0.18
Exercise >1 h/wk, % 29.5 26.5 28.6 29.4 27.6 32.4 0.58
Vegetable intake, times/wk 13.8 14.2 13.7 13.4 15.6 14.6 0.14
Fish intake, times/wk 4.7 5.3 59 5.4 6.1 6.4 <0.001
Fruits intake, times/wk 5.8 6.7 7.6 7.7 7.6 7.3 0.01
Soybeans intake, times/wk 4.5 5.0 4.5 4.4 5.0 5.1 0.11
No history of stroke or Ml
No. of participants 4623 6235 5727 10809 11094 6033
Age, y 57.0 55.6 55.3 56.9 57.1 57.4 <0.001
Sex, % of men 36.3 38.8 43.1 37.8 40.1 45.0 <0.001
Body mass index, kg/m? 22.9 23.0 22.6 22.7 229 22.9 0.45
History of hypertension, % 19.9 18.1 175 18.8 18.9 17.7 <0.001
History of diabetes, % 5.9 4.9 4.2 4.3 4.1 3.9 <0.001
Current smoker, % 22.1 23.1 26.9 23.0 24.5 29.0 <0.001
Current drinker, % 33.8 421 45.3 39.6 39.5 41.2 0.004
High mental stress, % 21.8 21.1 22.8 20.4 19.0 17.9 <0.001
(Continued)
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Table 1. Continued

Green tea consumption

None 1-6 cups/wk | 1-2 cups/d 3-4 cups/d 5-6 cups/d 27 cups/d P for trend
College or higher education, % 9.6 11.6 14.2 13.2 12.2 11.9 0.008
Unemployed, % 22.2 17.7 15.6 18.9 17.7 17.0 <0.001
Walking =30 min/d, % 45.4 48.8 49.6 476 46.8 41.9 <0.001
Exercise 21 h/wk, % 20.9 24.7 274 26.7 26.8 25.3 <0.001
Vegetable intake, times/wk 13.6 13.7 13.8 14.0 14.6 15.3 <0.001
Fish intake, times/wk 6.3 6.5 6.4 6.4 6.7 7.0 <0.001
Fruits intake, times/wk 6.3 6.0 6.8 7.0 71 71 <0.001
Soybeans intake, times/wk 4.6 4.7 4.7 4.7 5.0 5.0 <0.001

Data are mean for continuous variables and percentages for categorical variables. Ml indicates myocardial infarction.

Mortality Surveillance

To obtain the cause of death, a systematic review of death
certificates was conducted in each area. Mortality data were
sent centrally to the Ministry of Health and Welfare through
the local public health center, and the underlying cause of
death was coded for the National Vital Statistics according to
the International Classification of Diseases, Tenth Revision. In
35 areas, the end of the follow-up was the end of 1999 in
4 areas, the end of 2003 in 4 areas, the end of 2008 in 4
areas, and the end of 2009 in the rest of the areas. The end
point of death in this study was all causes. The date of moving
from the community was verified using population-registration
documents. When participants moved out, we treated them as
censored cases.

Statistical Analysis

Person years of follow-up were calculated as the duration from
the date of the baseline questionnaire to the date of death,
emigration from the community, or the end of follow-up, which-
ever occurred first. Age-adjusted mean values and proportions
of having cardiovascular risk factors were calculated by using
the ANCOVA for means and logistic regression for proportion.
Hazard ratios with 95% Cls of all-cause mortality were calcu-
lated using the Cox proportional hazards regression models
according to green tea and coffee consumption. We adjusted
for age (continuous), sex (women or men), history of hyper-
tension (yes or no), history of diabetes (yes or no), body mass
index (sex-specific quintile), smoking status (never, ex-smoker,
current smoker of 1-19, or current smoker of 220 cigarettes
per day), alcohol consumption (never drinker, ex-drinker, cur-
rent drinker of 0.1-45.9, or >46.0 g ethanol per day), hours
of exercise (almost never, 1-4 hours, or >5 hours per week),
hours of walking (almost never, 0.5 hours, or >0.5 hours per
day), perceived mental stress (low, moderate, or high), edu-
cational level (€18 or 219 years of age upon completion of
education), employment status (unemployed or employed),
frequency of consuming vegetables, fish, and fruits, soybean
intakes (quintile), and green tea or coffee consumption.

For secondary analyses, we conducted sex-specific analysis
and cause-stratified analysis by CVD and cancer. To account
for potential bias due to reverse causality, we performed sen-
sitivity analyses by excluding all participants who died during
the first b years of follow-up. SAS version 9.4 (SAS, Inc, Cary,
NC) was used for all statistical analyses. This study followed

4 February 2021

the Strengthening the Reporting of Observational Studies in
Epidemiology statements.'

RESULTS

Age-adjusted baseline characteristics of the par-
ticipants were presented according to green tea con-
sumption in Table 1. Persons with more frequent green
tea consumption were,more likely to eat fish, fruits,
and soybeans regardlegs:of a history of stroke or MI.
Among persons without a history of stroke or MI, fre-
quent green tea consumption was associated with a
lower prevalence of diabetes.

Table 2 shows the age-adjusted baseline character-
istics of the participants according to coffee consump-
tion. Persons with more frequent coffee consumption
were more likely to be younger, current smokers, current
drinkers, and less unemployed, regardless of a history
of stroke or MI. Among MI survivors, coffee consump-
tion was associated with a lower intake of vegetables
and soybeans. In addition, among persons without a his-
tory of stroke or MI, frequent coffee consumption was
associated with a lower prevalence of hypertension and
diabetes, higher mental stress, higher educational level,
less intake of fish, and more frequent walking.

Risk of All-Cause Mortality According to Green
Tea Consumption

During the 18.5 years of median follow-up, a total of 9253
deaths were documented. In age- and sex-adjusted anal-
yses, green tea consumption was associated with lower
risks of all-cause mortality among persons with and
without a history of stroke or MI (Table 3). After further
adjustment for potential confounding factors, the asso-
ciation was attenuated among persons without a history
of stroke or MI, while the association remained among
persons with a history of stroke or MI. The multivariable
hazard ratios of all-cause mortality among persons with
a history of stroke were 0.73 (95% ClI, 0.42-1.27) for
1 to 6 cups/wk, 0.65 (95% Cl, 0.36-1.15) for 1 to 2

Stroke. 2021;52:00-00. DOI: 10.1161/STROKEAHA.120.032273
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Table 2. Age-Adjusted Baseline Characteristics of Participants According to Coffee Consumption

Green Tea and Coffee and All-Cause Mortality
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Coffee consumption
None 1-6 cups/wk 1 cup/d 22 cups/d P for trend
History of stroke
No. of participants 225 164 44 45
Age, y 65.2 63.6 62.7 62.4 0.04
Sex, % of men 55.6 65.9 68.2 71.1 0.11
Body mass index, kg/m? 23.1 22.8 22.4 22.9 0.73
History of hypertension, % 58.7 61.4 52.3 51.1 0.28
History of diabetes, % 13.3 10.4 9.1 8.9 0.53
Current smoker, % 175 24.7 275 46.5 <0.001
Current drinker, % 31.8 421 34.2 57.9 0.01
High mental stress, % 16.4 19.7 14.3 20.5 0.86
College or higher education, % 8.5 15.4 175 12.2 0.62
Unemployed, % 61.2 49.0 477 41.9 0.16
Walking >30 min/d, % 575 61.2 42.9 48.8 0.23
Exercise >1 h/wk, % 29.3 315 275 35.7 0.32
Vegetable intake, times/wk 14.0 14.3 14.7 14.2 0.92
Fish intake, times/wk 5.7 6.2 4.8 5.0 0.12
Fruits intake, times/wk 5.7 5.8 7.0 6.6 0.19
Soybeans intake, times/wk 4.9 4.6 4.7 5.0 0.77
History of Ml
No. of participants 392 373 296 b3
Age,y 65.1 63.3 63.7 61.1 <0.001
Sex, % of men 36.7 43.2 33.2 52.0 <0.001
Body mass index, kg/m? 23.2 23.3 23.2 22.9 0.32
History of hypertension, % 57.1 47.7 52.5 42.0 0.006
History of diabetes, % 12.9 13.2 11.5 10.6 0.48
Current smoker, % 173 19.6 18.5 8215) <0.001
Current drinker, % 28.3 34.2 4241 50.5 <0.001
High mental stress, % 25.4 21.6 17.0 30.2 0.77
College or higher education, % 105 16.9 13.4 175 0.12
Unemployed, % 45.6 31.6 31.4 26.2 0.04
Walking >30 min/d, % 53.9 56.7 56.4 575 0.51
Exercise >1 h/wk, % 24.2 33.1 30.8 27.8 0.33
Vegetable intake, times/wk 15.1 14.7 14.0 12.3 <0.001
Fish intake, times/wk 5.8 6.2 5.0 5.2 0.02
Fruits intake, times/wk 6.3 7.5 8.0 7.7 0.003
Soybeans intake, times/wk 4.9 4.8 4.5 4.3 0.02
No history of stroke or Ml
No. of participants 13574 15102 6887 8958
Age,y 59.8 56.4 56.2 52.6 <0.001
Sex, % of men 38.4 41.2 34.4 44.7 <0.001
Body mass index, kg/m? 22.9 22.9 22.8 22.6 <0.001
History of hypertension, % 241 18.1 17.3 11.8 <0.001
History of diabetes, % 5.7 4.1 3.9 3.3 <0.001
Current smoker, % 19.9 22.6 22.1 37.0 <0.001
Current drinker, % 35.2 40.8 411 46.6 <0.001
High mental stress, % 17.2 18.4 20.3 271 <0.001
(Continued)
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Table 2. Continued

Green Tea and Coffee and All-Cause Mortality

Coffee consumption
None 1-6 cups/wk 1 cup/d 22 cups/d P for trend
College or higher education, % 9.4 12.4 13.1 15.9 <0.001
Unemployed, % 25.7 16.1 174 10.8 0.01
Walking >30 min/d, % 44.7 45.9 48.4 49.7 <0.001
Exercise >1 h/wk, % 24.7 27.3 25.5 25.3 <0.001
Vegetable intake, times/wk 14.9 14.2 141 13.2 <0.001
Fish intake, times/wk 6.8 6.7 6.4 6.2 <0.001
Fruits intake, times/wk 6.6 6.7 7.4 7.0 <0.001
Soybeans intake, times/wk 5.0 4.9 4.8 4.6 <0.001
Ml indicates myocardial infarction.
cups/d, 0.56 (95% Cl, 0.34-0.92) for 3 to 4 cups/d, DISCUSSION

0.52 (95% ClI, 0.31-0.86) for 5 to 6 cups/d, and 0.38
(95% Cl, 0.20-0.71) for =7 cups/d (P for trend=0.002)
compared with nondrinkers. A similar inverse association
was observed among persons with a history of MI. These
inverse associations were similarly observed between
men and women among persons with a history of stroke
but were observed only among men with a history of Ml
(Table I in the Data Supplement). The reduced all-cause
mortality among persons with a history of stroke or Ml
was primarily due to CVD mortality (Table Il in the Data
Supplement). In the sensitivity analyses, the exclusion
of all participants who died during the first 5 years of
follow-up (n=1439) did not change the results materially
(Table 11l in the Data Supplement).

Risk of All-Cause Mortality According to Coffee
Consumption

Coffee consumption was inversely associated with the
risk of all-cause mortality among persons without a his-
tory of stroke or MI (Table 4). Additional adjustment for
potential confounding factors did not change the inverse
associations. The multivariable hazard ratios of all-cause
mortality among persons without a history of stroke or
MI were 0.86 (95% ClI, 0.82-0.91) for 1 to 6 cups/wk,
0.86 (95% Cl, 0.80-0.92) for 1 cup/d, and 0.82 (95% C],
0.77-0.89) for =2 cups/d (Pfor trend <0.001) compared
with nondrinkers. Among persons with a history of stroke,
no significant association between coffee consumption
and all-cause mortality was found. Among persons with a
history of MI, coffee consumption was associated with a
reduced risk of all-cause mortality. The reduced all-cause
mortality among persons with a history of Ml was observed
between men and women (Table IV in the Data Supple-
ment) and was primarily due to CVD mortality (Table V in
the Data Supplement). In the sensitivity analyses, similar
associations were observed among persons with a his-
tory of Ml and without a history of stroke or Ml when all
participants who died during the first b years of follow-up
were excluded (Table VI in the Data Supplement).

6  February 2021

In this large prospective study of Japanese men and
women aged 40 to 79 years with the median follow-up of
18.5 years, we observed that stroke survivors who con-
sumed >7 cups/d of green tea had =60% lower risks
of all-cause mortality than those who rarely consumed
green tea, while such an association was not observed
among persons without a history of stroke or Ml. To the
best of our knowledge, this.is.the first to find the associa-
tions of green tea consuription with all-cause mortality
among stroke survivors. Our results suggest a beneficial
effect of green tea consumption on patients’ health out-
comes after CVD events.

In‘addition, an inverse association of coffee consump-
tion in relation to all-cause mortality was observed among
persons. without a history of stroke or Ml and with a his-
tory of MI, but not among stroke survivors. Our findings
on the suggestive inverse association between coffee
consumption and the risk of all-cause mortality among
MI survivors are consistent with findings from previous
studies in Western countries. A cohort study of 1369
patients hospitalized with a confirmed first acute Ml in
Sweden showed that coffee consumption was associ-
ated with a lower risk of subsequent all-cause mortality
after MI: the multivariable hazard ratios were 0.68 (95%
Cl,0.45-1.02) for persons who consumed 1 to 3 cups/d,
0.56 (95% Cl, 0.37-0.85) for 3 to 5 cups/d, 0.562 (95%
Cl, 0.34-0.83) for 5 to 7 cups/d, and 0.68 (95% CI,
0.34-0.98) for =7 cups/d, compared with those who
consumed <1 cup.'® Another cohort study of 4365
Dutch MI patients, clinically diagnosed 10 years before
study enrollment, showed a borderline inverse associa-
tion between coffee consumption and the risk of all-
cause mortality among individuals who consumed >2 to
4 cups of coffee/d, compared with nondrinkers; the mul-
tivariable hazard ratio was 0.84 (95% CI, 0.71-1.00)."*

A potential mechanism for the influence of green
tea on cardiovascular health can be primarily attributed
to the effect of (—)-epigallocatechin3-gallate, which is
the most abundant polyphenol in green tea.’® Previous
experimental research revealed the cardiovascular health

Stroke. 2021;52:00-00. DOI: 10.1161/STROKEAHA.120.032273
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Table 3. Hazard Ratios (95% Cls) of All-Cause Mortality According to Green Tea Consumption

Green tea consumption Pfor
None 1-6 cups/wk 1-2 cups/d 3-4 cups/d 5-6 cups/d 27 cups/d trend

History of stroke

Person years 578 752 685 1676 1405 752

No. of cases 34 41 29 60 47 21

Mortality rate (per 1000 person years) | 58.8 54.5 42.3 35.8 33.5 27.9

Age- and sex-adjusted HR (95% CI) Ref 0.84 (0.563-1.32) | 0.64 (0.39-1.05) | 0.53 (0.35-0.81) | 0.43 (0.28-0.68) | 0.36 (0.21-0.63) | <0.001

Multivariable HR (95% CI) Ref 0.73 (0.42-1.27) | 0.65 (0.36-1.15) | 0.56 (0.34-0.92) | 0.52 (0.31-0.86) | 0.38 (0.20-0.71) | 0.002
History of Ml

Person years 1820 2227 1912 3753 3313 1755

No. of cases 59 49 43 93 71 40

Mortality rate (per 1000 person years) | 32.4 22.0 22.5 24.8 21.4 22.8

Age- and sex-adjusted HR (95% CI) Ref 0.64 (0.44-0.93) | 0.58 (0.39-0.86) | 0.66 (0.48-0.92) | 0.65 (0.46-0.92) | 0.48 (0.32-0.72) | 0.02

Multivariable HR (95% CI) Ref 0.74 (0.49-1.12) | 0.66 (0.43-1.01) | 0.83 (0.68-1.19) | 0.72 (0.49-1.05) | 0.47 (0.30-0.72) | 0.01
No history of stroke or Ml

Person years 73555 102230 87758 166783 177037 99923

No. of cases 1023 1222 954 1986 2133 1348

Mortality rate (per 1000 person years) | 13.9 12.0 10.9 11.9 12.0 13.5

Age- and sex-adjusted HR (95% CI) | Ref 0.92 (0.85-1.00) | 0.89 (0.81-0.97) | 0.89 (0.83-0.96) | 0.87 (0.81-0.94) | 0.87 (0.80-0.94) | 0.002

Multivariable HR (95% CI) Ref 0.96 (0.88-1.05) | 0.96 (0.88-1.05) | 0.97 (0.90-1.05) | 0.94 (0.87-1.02) | 0.92 (0.85-1.01) | 0.08

Multivariable HR: adjusted for age, sex, coffee consumption, history of hypertension, history of diabetes, body mass ifidéx, éﬁdéf{(‘ing status, alcohol consumption, hours
of exercise, hours of walking, perceived mental stress, educational level, regular employment, and dietary intakes of ve ‘tabl'e,‘ﬁgh, fruits, and soybeans. HR indicates

hazard ratio.

promoting effects of (—)-epigallocatechin3-gallate, such
as alleviating atherosclerosis,'®!7 ameliorating ischemia/
reperfusion injury,'®' enhancing endothelial function,202!
and attenuating inflammation.222* Previous animal stud-
ies showed that (—)-epigallocatechin3-gallate exerted a
neuro-protective effect against ischemic damage in the
acute phase of ischemic stroke??% and had a long-term
effect of promoting neurogenesis after stroke,?” which
suggests that green tea consumption can contribute, not
only to an improvement in prognosis among stroke survi-
vors but also to patients' functional recovery after stroke.

Moreover, caffeinated coffee consumption was asso-
ciated with lower serum cholesterol levels,?® improved
endothelial function (lowering E-selectin levels), and
reduced inflammation (lowering C-reactive protein lev-
els) in diabetic women.2® Coffee intake was also associ-
ated with higher plasma adiponectin concentrations in
women with or without type 2 diabetes.®® The underly-
ing mechanisms concerning the lack of an association
between coffee consumption and mortality among stroke
survivors are uncertain. One hypothesis is that daily cof-
fee consumption might lead to an increment in blood
pressure among stroke survivors. A previous meta-analy-
sis reported that chronic caffeinated coffee consumption
was associated with higher systolic and diastolic blood
pressure levels®' whereas green tea consumption was
associated with lower blood pressure levels.®? Further
studies are necessary to explore the mediating factors of

Stroke. 2021;52:00-00. DOI: 10.1161/STROKEAHA.120.032273

the association between coffee consumption and mortal-
ity among stroke survivors.

The strength of the present study is the prospec-
tive study design minimizing recall bias of the exposure
assessment and a large sample size of stroke and Ml
survivors. However, this study has several limitations.

First, because histories of stroke or Ml and consump-
tion of green tea or coffee were self-reported, false
reporting can be a potential problem. Second, we did
not have information on behavioral changes over time,
although green tea and coffee consumption might have
changed during the long follow-up period. Nondifferen-
tial misclassification could result in a potential underes-
timation of the association between green tea or coffee
consumption and mortality outcome. Finally, since the
present study is an observational study, the causality of
the consumption of green tea and coffee in relation to
protective cardiovascular health cannot be determined.

CONCLUSIONS

Green tea consumption was inversely associated with
all-cause mortality, especially among stroke or Ml sur-
vivors but not in persons without a history of stroke or
MI. Coffee consumption was inversely associated with
all-cause mortality among persons without a history of
stroke or Ml as well as with a history of MI. Our observa-
tional study suggests that green tea consumption can be
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Table 4. Hazard Ratios (95% Cls) of All-Cause Mortality According to Coffee Consumption

Coffee consumption
None 1-6 cups/wk 1 cup/d >2 cups/d P for trend

History of stroke

Person years 2703 2072 535 538

No. of cases 116 82 14 20

Mortality rate (per 1000 person years) 42.9 39.6 26.2 37.2

Age- and sex-adjusted HR (95% ClI) Ref 1.01 (0.76-1.34) 0.71 (0.40-1.24) 1.18 (0.73-1.90) 0.87

Multivariable HR (95% ClI) Ref 1.31 (0.94-1.82) 0.81 (0.44-1.50) 1.52 (0.87-2.68) 0.32
History of MI

Person years 5092 4864 2398 2427

No. of cases 163 104 49 39

Mortality rate (per 1000 person years) 32.0 21.4 20.4 16.1

Age- and sex-adjusted HR (95% ClI) Ref 0.73 (0.57-0.93) 0.82 (0.59-1.13) 0.65 (0.45-0.92) 0.03

Multivariable HR (95% ClI) Ref 0.69 (0.53-0.91) 0.78 (0.55-1.10) 0.61 (0.41-0.90) 0.08
No history of stroke or Ml

Person years 215936 248431 104707 138212

No. of cases 3734 2832 1034 1066

Mortality rate (per 1000 person years) 17.3 11.4 9.9 7.7

Age- and sex-adjusted HR (95% CI) Ref 0.82 (0.78-0.86) 0.83 (0.77-0.89) 0.84 (0.79-0.90) <0.001

Multivariable HR (95% ClI) Ref 0.86 (0.82-0.91) 0.86 (0.80-0.92) 0.82 (0.77-0.89) <0.001

Multivariable HR: adjusted for age, sex, green tea consumption, history of hypertension, history of diabetes, body miass iﬁ@fék‘smoking status, alcohol consumption,

hours of exercise, hours of walking, perceived mental stress, educational level, regular employment, and dietary intakes'

cates hazard ratio.

beneficial for the secondary prevention of CVD, whereas
coffee consumption can also be so for primary preven-
tion. More research is needed to confirm the cardio- and
neuro-protective effects of green tea and coffee among
CVD survivors.
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