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Association between Green Tea Consumption and Risk of Stroke
in Middle-Aged and Older Korean Men: The Health Examinees
(HEXA) Study
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ABSTRACT: Green tea consumption is known to have varying effects on health and disease. The aim of this study was to
investigate the association between green tea consumption and risk of stroke in Korean adult men. Data were obtained
from the Health Examinees (HEXA) Study, which included 50,439 subjects aged 40 years and older. Information regarding
dietary intake was collected from semi-quantified food frequency questionnaires consisting of 106 items. Green tea con-
sumption was categorized as none, <1 cup/d, 1 to <3 cups/d, and =3 cups/d. Binary logistic regression models were
used to estimate odds ratios (OR) and 95% confidence intervals (Cls) to examine a possible association between green
tea consumption and risk of stroke by controlling for potential confounders. Subgroup analyses by age, body mass index,
hypertension, diabetes mellitus, smoking status, and alcohol consumption were also performed. Compared with green
tea non-drinkers, individuals that consumed 1 to <3 cups/d or =3 cups/d of green tea had multivariable adjusted OR
(CI) of stroke of 0.75 (0.59~0.97) and 0.62 (0.39~0.98), respectively, after adjusting for age and various confounders.
In the subgroup analyses, an inverse association between green tea consumption and risk of stroke was identified among
younger, non-hypertensive, and non-diabetic men. Higher consumption of green tea was inversely associated with stroke

risk in middle-aged and older Korean men.
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INTRODUCTION

In 2017, cerebrovascular disease was the third leading
cause of death in Korea, followed by heart disease and
cancer (1). Ten years ago, cerebrovascular disease was the
second leading cause of death. Despite a decrease in its
incidence, cerebrovascular disease remains a major health
concern due to serious side effects and reduced quality
of life (2). Generally, stroke is accompanied by severe
physical disabilities and other health problems in addi-
tion to disease burden (3). Risk factors for stroke include
age, family history, race, gender, transient ischemic attack
history, a history of cardiac arrest, hypertension, smok-
ing, drinking, diabetes, arterial disease, atrial fibrillation,
heart disease, sickle cell disease, hyperlipidemia, poor di-
et, lack of physical activity, obesity, drug use, stress, and
geographic location (4,5).

Tea is one of the most popular natural beverages world-
wide. There are various kinds of teas which have different
fermentation processes, including non-fermented green

tea, semi-fermented oolong tea, and fully fermented black
tea (6). Green tea currently accounts for 20% of the
world’s tea consumption market and is mainly consumed
in Asian countries, including Korea, China, and Japan
(6). According to health statistics issued by the Ministry
of Health and Welfare and the Korea Centers for Disease
Control and Prevention in 2016, average green tea con-
sumption per week is 0.66 cups, with 0.49 cups con-
sumed by women and 0.83 cups consumed by men (7).
The relationship between green tea consumption and risk
of stroke has previously been studied in Asia. An inverse
association between green tea consumption and risk of
stroke has previously been identified in a Japanese co-
hort study (8), a case-control study in Korea (9), and in
a cross-sectional study conducted in China (10). In addi-
tion, several epidemiological studies have reported that
green tea has favorable effects on cardiovascular and is-
chemic-related diseases (11), blood pressure (12,13), liv-
er cancer (14), and colorectal cancer (15). In meta-analy-
ses published in 2009 (16) and 2016 (11), consumption
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of >1 cup of green tea/d was associated with a lower risk
of stroke compared to consumption of <1 cup of green
tea/d. However, neither meta-analysis included data from
Korea. Therefore, the purpose of this study was to inves-
tigate a possible association between green tea consump-
tion and stroke prevalence in Korean adult men by using
data available from the large, population-based the Health
Examinees (HEXA) baseline Study.

MATERIALS AND METHODS

Study population
HEXA, a large, population-based prospective cohort study,
was conducted in Korea from 2004 through 2013 by the
Korean Centers for Disease Control and Prevention. De-
tails regarding the methods of this study have previously
been described (17). The main objective of this large-
scale genomic cohort study was to identify general epi-
demiological characteristics of major chronic diseases in
Korea. A total of 173,357 subjects were enrolled, 40 years
of age or older, who were treated at major hospitals (n
=38) and local health examination centers located in
eight regions in Korea. Strict standardized study criteria
were employed and socio-demographic characteristics,
medical and family history, medication usage, lifestyle
factors, diet, and physical activity data were collected
from interviews conducted by well-trained research staff.
At baseline, 59,294 men were recruited in the HEXA
Study. Among these participants, those without infor-
mation regarding a stroke diagnosis (n=258) and those
with a family history of stroke (n=7,987) were excluded.
After excluding participants who did not report informa-
tion regarding green tea consumption (n=610), data from
50,439 men were analyzed. Written informed consent
was obtained from all participants prior to the study start,
and the study protocol was approved by the Institutional
Review Board of Ewha Womans University in Seoul, Ko-
rea (IRB no. 123-14).

Data collection

Information about the general demographic characteris-
tics, lifestyle factors, and diagnosis of stroke for the co-
hort examined were obtained from a structured question-
naire. However, stroke was evaluated only based on an-
swers obtained for the question “Have you ever received
a diagnosis of stroke by a doctor?”. Consequently, the
type of stroke (e.g. ischemic vs. hemorrhagic) could not
be distinguished and separately analyzed.

Categorization of body mass index (BMI) and defini-
tion of hypertension and diabetes mellitus were deter-
mined as previously described (18). Obesity was defined
as a BMI=25 kg/m’ according to the guidelines of the
Steering Commiittee of the Regional Office for the West-

ern Pacific Region of the World Health Organization
(19). Marital status was categorized as married or single
(with the latter including unmarried, divorced, separated,
cohabiting, and widowed individuals). Education level
was classified as middle school or less, high school grad-
uate, and college or above. Household income was cate-
gorized as <200, 200 to 400, and >400 (10,000 won/
month). Smoking status was categorized as non-smoker,
ex-smoker, and current smoker, and alcohol drinking sta-
tus was categorized as non-drinker, ex-drinker, and cur-
rent drinker. Regular exercise was evaluated based on
responses to the question “Do you regularly exercise
enough to the point you are sweating?”. Chronic diseases,
including hypertension, diabetes, and hyperlipidemia,
were defined based on specific criteria of each disease or
according to diagnosis by a doctor. Hypertensive subjects
were defined as having a systolic blood pressure =140
mmHg or a diastolic blood pressure =90 mmHg (20),
diabetes was defined as a fasting blood glucose level
=126 mg/dL, and hyperlipidemia was defined as a total
cholesterol level >240 (21). The dietary intake and green
tea consumption of participants were estimated based
on a semi-quantitative food frequency questionnaire that
consisted of 106 food items. This questionnaire was de-
veloped by the Korea Centers for Disease Control and
Prevention and has previously been assessed for its reli-
ability and validity for the Korean population (22). Partic-
ipants were queried by trained interviewers regarding
their usual intake amount of foods (including green tea)
over the previous year. In the questionnaire, green tea
consumption was categorized according to frequency
(none, once a month, 2 to 3 times a month, 1 to 2 times
a week, 3 to 4 times a week, 5 to 6 times a week, once a
day, twice a day, or 3 times a day) and average intake per
serving (1/2 cup, 1 cup, and 2 cups). However, for the
present analysis, we adjusted these categories to consid-
er both intake and frequency as follows: none, <1 cup a
day, between 1 and <3 cups a day, and =3 cups a day.

Statistical analysis

All statistical analyses were performed with SAS software
(version 9.4; SAS Institute Inc., Cary, NC, USA). Statis-
tical significance was set at P<0.05. General characteris-
tics of subjects were compared using the Chi-square test
for categorical variables and general linear regression for
continuous variables.

Based on previously published literature, the following
potential confounding factors were analyzed: age, gender,
education level, alcohol consumption, regular exercise,
BMI, smoking habits, carotid or other artery disease,
transient ischemic attacks, hypertension, hyperlipidemia,
ethnicity, heart failure, drug abuse, and poor diet (4,5,8,
16,23,24). Pearson correlation coefficient and variance
inflation factor were used to investigate multicollinearity



26 Lee and Kim

between stroke confounding factors. The final model ad-
justed for age, education level, alcohol consumption,
smoking habits, regular exercise, BMI, diagnosis of hy-
pertension, diabetes, hyperlipidemia, intake of vegetables
and fruits, red meat intake, coffee consumption, and to-
tal energy consumed. Carotid or other artery disease,
transient ischemic attacks, ethnicity, heart failure, and
drug abuse were not considered to be confounding fac-
tors due to lack of information about these factors in
present data.

Logistic regression models were used to assess a pos-
sible association between green tea consumption and
stroke prevalence. Odds ratios (OR) and 95% confidence
intervals (Cls) for each category of green tea consump-
tion were calculated using dichotomous logistic regres-
sion, and trends were assessed in further analysis. To
check additional interactions, stratification analyses ac-
cording to age, BMI, hypertension, diabetes, smoking sta-
tus, and alcohol consumption were performed.

RESULTS

General characteristics of the participants according to
green tea consumption are presented in Table 1 (none, n
=19,801; <1 cup/d, n=21,350; 1 to <3 cups/d, n=7,064;
>3 cups/d, n=2,224). The prevalence of stroke in the
study population was 1.54% (data not shown). The mean
intake of green tea was 0.52 cups/d; 4.4% of men drank
>3 cups/d, and 39.2% of men did not drink any green
tea (data not shown). All of the variables examined (e.g.,
age group, marital status, education level, household in-
come, BM], alcohol consumption, smoking status, regular
exercise, diabetes, hyperlipidemia, intake of vegetables
and fruits, red meat intake, and coffee consumption), ex-
cept hypertension, showed significant differences based
on green tea consumption. Compared with those who
did not drink green tea, participants who reported an in-
take of =3 cups of green tea/d were younger in age, had
a higher education level and income, and were more
likely to be non-smokers. Those who reported higher

Table 1. Baseline characteristics of the Health Examinees Study participants by green tea consumption

Daily green tea consumption (no. of cups)

Variable
None <1 1 to <3 >3 P-value”
Participants, n 19,801 21,350 7,064 2,224
Age group (years) 55.0£9.0 53.5+8.8 52.5+8.6 51.8184 <.0001
Marital status, n (%) <.0001
Married 17,738 (89.6) 18,859 (88.3) 6,291 (89.1) 1,915 (86.1)
Single 1,489 (7.5) 1,349 (6.3) 361 (5.1) 118 (5.3)
Education level, n (%) <.0001
Under middle school 5,899 (29.8) 4,300 (20.1) 1,038 (14.7) 249 (11.2)
High school 7,953 (40.2) 8,630 (40.4) 2,637 (37.3) 853 (38.4)
College or more 5,481 (27.7) 8,036 (37.6) 3,266 (46.2) 1,089 (49.0)
Household income, n (%) (10,000 won/month) <.0001
<200 6,035 (30.5) 4813 (22.5) 1,134 (16.1) 331 (14.9)
200~400 7,536 (38.1) 8,321 (39.0) 2,740 (38.8) 803 (36.1)
>400 3,873 (19.6) 5,233 (24.5) 2,126 (30.1) 716 (32.2)
Body mass index (kg/m?) 242128 244127 24.612.7 247127 <.0001
Smoking status, n (%) <.0001
Non-smoker 4,884 (24.5) 6,592 (30.9) 2,098 (29.7) 646 (29.1)
Ex-smoker 7,711 (38.9) 8,566 (40.1) 2,855 (40.4) 892 (40.1)
Current smoker 7,214 (36.4) 6,145 (28.8) 2,104 (29.8) 683 (30.7)
Alcohol consumption, n (%) <.0001
Non-drinker 4,484 (22.7) 4,185 (19.6) 1,229 (17.4) 399 (17.9)
Ex-drinker 1,545 (7.8) 1,556 (7.3) 435 (6.2) 145 (6.5)
Current drinker 13,744 (69.4) 15,576 (73.0) 5,391 (76.3) 1,676 (75.4)
Regular exercise, n (%) 9,713 (49.1) 12,542 (58.7) 4,508 (63.8) 1,493 (67.1) <.0001
Hypertension, n (%) 6,164 (31.1) 6,582 (30.8) 2,162 (30.6) 695 (31.3) 0.687
Diabetes mellitus, n (%) 2,843 (14.4) 3,275 (15.3) 1,156 (16.4) 338 (15.2) 0.002
Hyperlipidemia, n (%) 3,263 (16.5) 3,546 (16.6) 1,160 (16.4) 388 (17.5) 0.029
Vegetable and fruits intake (g/d) 413.31276.3 436.41293.9 521.7£311.8 570.9+3%96.4
Red meat intake (g/d) 4511524 46.41485 52.4%55.3 53.1£60.4
Coffee consumption (cup/d) 20+1.7 1.6£1.6 1915 2.1+£18
Total energy intake (kcal/d) 1,796.8+£547.2 1,848.1+£568.7 1,977.2+£588.4 2,055.9+7135 <.0001

Mean=£SD.

Yp-values were calculated by Chi-square tests for categorical variables and general linear regression for continuous variables.
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Table 2. Odd ratios (OR) and 95% confidence intervals (Cls) of stroke by green tea consumption in the Health Examinees Study

Daily green tea consumption (no. of cups)

None <1 1 to <3 >3 P for trend
Male (n=50,439) (n=19,801) (n=21,350) (n=7,064) (n=2,224)
Crude OR (95% CI) 1.00 0.75 (0.64~0.87) 0.61 (0.48~0.77) 0.48 (0.31~0.76) <0.0001
Multivariate OR (95% CI)” 1.00 0.82 (0.70~0.96) 0.75 (0.59~0.97) 0.62 (0.39~0.98) 0.0016

1’Adjusted for age, education, alcohol consumption, smoking, regular exercise, body mass index, hypertension, diabetes mellitus,
hyperlipidemia, vegetable and fruits intake, red meat intake, coffee consumption, and total energy intake.

frequencies of green tea consumption tended to also un-
dertake more exercise, and have a higher intake of ener-
gy, vegetables, fruit, red meat, and coffee.

Table 2 presents ORs and 95% Cls for stroke preva-
lence according to green tea consumption. Compared
with participants who did not drink green tea, the stroke
prevalence crude ORs were 0.75 (95% CI, 0.64~0.87),
0.61 (95% CI, 0.48~0.77), and 0.48 (95% CI, 0.31~
0.76) for those drinking up to <1 cup/d, 1 to <3 cups/d,
and =3 cups/d, respectively. After adjusting for con-
founding variables, higher green tea consumption was

found to reduce stroke prevalence for those drinking <1
cup/d (OR, 0.82; 95% CI, 0.70~0.96), 1 to <3 cups/d
(OR, 0.75; 95% CI, 0.59~0.97), and =3 cups/d (OR
0.62; 95% CI, 0.39~0.98), verses those who did not
drink green tea.

When stratified analyses was performed on the associ-
ation between stroke prevalence and green tea consump-
tion (Table 3), an inverse association between stroke
prevalence and green tea consumption was observed ac-
cording to age (<65 y), history of hypertension, and his-
tory of diabetes. Moreover, an inverse association be-

Table 3. Odd ratios and 95% confidence intervals of stroke by green tea consumption stratified by age, body mass index (BMI),
hypertension, diabetes mellitus, smoking status, and alcohol consumption in the Health Examinees Study

Daily green tea consumption (no. of cups)

No. of None <1 1 to <3 >3 P for trend
events
Male (n=50,439)
Age (years)"
<65 512 1.00 0.74 (0.61~0.90) 0.70 (0.52~0.94) 0.48 (0.27~0.84) 0.0002
>65 252 1.00 0.94 (0.72~1.25) 0.80 (0.49~1.29) 1.02 (0.46~2.23) 0.4962
BMI (kg/m??
<25 425 1.00 0.86 (0.71~1.07) 0.81 (0.57~1.13) 0.62 (0.32~1.18) 0.0479
>25 335 1.00 0.78 (0.61~0.99) 0.65 (0.45~0.96) 0.63 (0.33~1.22) 0.0083
Hypertension3)
Nonhypertensive 368 1.00 0.87 (0.70~1.10) 0.75 (0.52~1.07) 0.46 (0.21~0.98) 0.0140
Hypertensive 396 1.00 0.77 (0.62~0.97) 0.76 (0.53~1.07) 0.79 (0.44~1.40) 0.0429
Diabetes mellitus”
Nondiabetic 573 1.00 0.80 (0.67~0.96) 0.72 (0.53~0.96) 0.57 (0.33~0.98) 0.0015
Diabetic 191 1.00 0.89 (0.65~1.24) 0.85 (0.52~1.37) 0.79 (0.34~1.85) 0.3732
Smoking status®
Never and past 604 1.00 0.84 (0.71~1.01) 0.78 (0.60~1.04) 0.63 (0.38~1.05) 0.0114
Current 157 1.00 0.74 (0.51~1.05) 0.66 (0.36~1.20) 0.63 (0.23~1.74) 0.0591
Alcohol consumption®
Never and past 356 1.00 0.80 (0.63~1.01) 0.72 (0.49~1.05) 0.59 (0.30~1.18) 0.0152
Current 407 1.00 0.84 (0.68~1.05) 0.79 (0.57~1.11) 0.66 (0.36~1.23) 0.0499

1)Adjusted by education, alcohol consumption, regular exercise, BMI, smoking, hypertension, diabetes mellitus and hyperlipidemia,
vegetable and fruits intake, red meat intake, coffee consumption, and total energy intake.

2’Adjusted by age, education, alcohol consumption, regular exercise, smoking, hypertension, diabetes mellitus and hyperlipidemia,
vegetable and fruits intake, red meat intake, coffee consumption, and total energy intake.

Iadjusted by age, education, alcohol consumption, regular exercise, BMIL, smoking, diabetes mellitus and hyperlipidemia, vegetable
and fruits intake, red meat intake, coffee consumption, and total energy intake.

‘“Adjusted by age, education, alcohol consumption, regular exercise, BMI, smoking, hypertension and hyperlipidemia, vegetable
and fruits intake, red meat intake, coffee consumption, and total energy intake.

YAdjusted by age, education, alcohol consumption, regular exercise, BML, hypertension, diabetes mellitus and hyperlipidemia, vege-
table and fruits intake, red meat intake, coffee consumption, and total energy intake.

6)Adjusted by age, education, regular exercise, BMI, smoking, hypertension, diabetes mellitus and hyperlipidemia, vegetable and
fruits intake, red meat intake, coffee consumption, and total energy intake.



28 Lee and Kim

tween green tea consumption and stroke prevalence was
predominantly observed among participants younger than
65 years (OR, 0.48; 95% CI, 0.27~0.84 for >3 cups/d
vs. none), nonhypertensive participants (OR, 0.46; 95%
CI, 0.21~0.98 for >3 cups/d vs. none), and nondiabetic
participants (OR, 0.57; 95% CI, 0.33~0.98 for >3 cups
/d vs. none).

DISCUSSION

In the present study, an association between the preva-
lence of stroke and green tea consumption in Korean men
over 40 years of age was examined using data from the
HEXA baseline Study. After controlling for potential con-
founding factors, the prevalence of stroke was found to
be inversely associated with consumption of green tea.
Moreover, a clear dose-response relationship was identi-
fied between prevalence of stroke and green tea consump-
tion.

Black tea is very popular in Europe and North America,
while green tea or oolong tea remains popular in Asian
countries. Studies examining the relationship between
green tea intake and stroke have mainly been conducted
in Asia, and the results from most of these studies are
consistent with the present findings. For example, in a
cohort study of 6,358 people aged 40 to 89 years in Ja-
pan, the group that consumed >5 cups of green tea per
day had a 59% reduced risk of stroke compared with
those who consumed up to 1 cup per week. However,
while the risk of stroke was reduced by 73% in men, no
significant reduction in stroke risk was observed in wom-
en (23). In another cohort study of 82,369 Japanese par-
ticipants, those who consumed >4 cups of green tea per
day had a 20% reduced risk of stroke compared with
those who did not drink green tea (8). In addition, a
case-control study of 940 patients who had experienced
a hemorrhagic stroke and 940 age-matched controls from
the same community in Korea showed a 39% reduced
risk of stroke in those who consumed 7 to <14 cups of
green tea/week compared with those who did not drink
green tea (9). In cross-sectional studies, it was also ob-
served that increased green tea consumption was associ-
ated with a decrease in prevalence of stroke in a Chinese
population (10). In a meta-analysis published in 2009,
which included six observational studies, >3 cups of
green tea per day was found to prevent development of
strokes (16). Furthermore, a meta-analysis of nine stud-
ies published in 2016 showed that an intake of 1 to 3
cups of green tea per day was inversely associated with
risk of myocardial infarction and stroke (11).

The mechanism(s) responsible for the effect of green
tea consumption on stroke prevention remain unclear.
Polyphenols have been reported to have a positive effect

on a variety of chronic diseases. Catechin is a flavan-3-ol
compound and is a major candidate for mediating the
beneficial effects of green tea for coronary heart disease
(25,26). The four major types of catechins are (—)-epigal-
locatechin gallate (EGCG), (—)-epigallocatechin (EGC),
(—)-epicatechin gallate (ECG), and (—)-epicatechin (EC)
(25,27). Among these green tea catechins, EGCG is the
most abundant and has been shown to exert positive ef-
fects on hypertension, metabolic syndrome, thrombosis,
and cardiovascular diseases (12,28,29). It has been hy-
pothesized that the catechin molecules in green tea may
prevent vascular diseases and stroke based on the anti-
oxidant, anti-inflammatory, anti-proliferative, and anti-
thrombotic effects of catechins (25,30-32). In animal
studies, consumption of green tea at an early age pre-
vented the onset of stroke. The authors suggested that
green tea also has potential to block onset of hyperten-
sion and stroke in the elderly (33). Despite the positive
effects, green tea can also cause insomnia, headaches,
vomiting, and tachycardia due to the presence of poly-
phenols, such as caffeine and catechin. The tannin com-
ponent of green tea may also cause anemia by interfering
with absorption of iron (34). However, these polyphenol
components may vary depending on the type of green tea
and the method by which it is brewed. This heterogeneity
may explain the differences in results between studies.
Thus, further investigations at the molecular level of an-
ti-stroke mechanisms involving green tea are warranted.
In the present study, the association between green tea
consumption and stroke prevalence differed according to
gender. A significant association was observed among
men but not women (data not shown). This is consistent
with results obtained in a previous Japanese study (23).
In the present study, it was not possible to identify a clear
mechanism for the observed gender-related differences
in stroke risk. Gender differences are important risk fac-
tors for stroke for multiple reasons, as well as in other
chronic diseases. Numerous studies have found that re-
productive factors, including hormone replacement ther-
apy use, oral contraceptive use, menopause, and pregnan-
cy, also increase the risk of stroke (35-37). Specific risk
factors include excess androgen secretion and decreased
estrogen during the menopause transition period, as well
as abdominal obesity and levels of triglycerides, total
cholesterol, low density lipoprotein cholesterol, and fast-
ing blood glucose (38,39). A cohort study conducted in
the United States reported an increased risk of ischemic
stroke in men receiving testosterone therapy (40). Other
factors, such as the presence of chronic diseases (e.g., di-
abetes, atherosclerosis, and dyslipidemia), physical activ-
ity, absorption rate, bioavailability of green tea consump-
tion, eating habits, and lifestyle differences between gen-
ders may also influence this association. Further research
is needed to investigate the different risk factors effecting
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the association between green tea and stroke prevalence;
these studies are warranted to explore gender-related dif-
ferences in stroke risk.

In the present subgroup analyses, the association be-
tween green tea consumption and a decreased risk of
stroke prevalence was more pronounced in participants
younger than 65 years of age and who had never been
diagnosed with diabetes mellitus or hypertension. While
the mechanistic details of these results remain unclear,
we propose several possibilities. As men get older, levels
of testosterone decrease. McInnes et al. (41) reported that
mice with impaired testosterone function in adipose tis-
sue have a greater tendency to develop insulin resistance
compared with uninjured mice. Similarly, in human, low
levels of testosterone have been associated with type 2 di-
abetes (42). Oral consumption of green tea extract signif-
icantly improved levels of testosterone in serum of acryl-
amide-induced testicular-damaged albino rats (43). Based
on these results, green tea intake may affect the levels of
testosterone.

There is lack of evidence explaining the differing asso-
ciation between green tea consumption and stroke by
age. It has been proposed that genetic factors, including
genetic predisposition, are more prevalent for younger
stroke patients (44). Although clinical risk factors were
increased in older patients, other modifiable factors such
as dyslipidemia, smoking, physical activity, and diet must
be considered (45). The prevalence of diabetes, hyper-
tension, and heart disease differed between young and
old stroke patients, which may have affected the risk of
stroke (46). The rate of calcium and xanthohumol ab-
sorption decreases with age (47,48). Although these are
not major components of green tea, absorption of other
bioactive components in green tea may also be decreased
by age. Future research into the mechanisms of bioactive
green tea components are warranted.

A study conducted in Japan reported that administra-
tion of the hypertensive drug nadolol in combination with
green tea leads to lower plasma nadolol concentrations
and an anti-hypertensive effect (49). This supports the
observation of our present study, that hypertensive pa-
tients that were taking medication did not exhibit any
beneficial effects of green tea for risk of stroke. Further-
more, age, hypertension, and diabetes mellitus are well-
known risk factors for stroke. In the present study, the
participants that consumed >3 cups of green tea per day
were the youngest participants. Therefore, it can be pre-
dicted that young, non-diabetic and non-hypertensive in-
dividuals have fewer risk factors for stroke, and that life-
style and multiple unknown factors may explain these
data. However, additional mechanistic studies are needed.

Nevertheless, this study has several limitations. First,
it was difficult to investigate a cause-and-effect relation-
ship between green tea consumption and stroke risk due

to the cross-sectional study design. To compensate, we
adjusted for several confounding factors and stratified the
data. Second, information about the types of ischemic and
hemorrhagic strokes experienced by the cohort was not
collected. Consequently, the possibility that the results
are diluted cannot be excluded. Third, each stroke was
evaluated according to a self-reported answer about di-
agnosis by a doctor. Lastly, due to lack of information in
the original study, other stroke risk factors (e.g., history
of prior stroke, transient ischemic attack, myocardial in-
farction, carotid disease, peripheral artery disease, atrial
fibrillation, heart failure, and drug abuse involving co-
caine, amphetamines, and/or heroin), which have been
identified by the American Heart Association and Amer-
ican Stroke Association, could not be controlled.

The major strength of this study is the large number of
stroke patients that were examined, which provided high
statistical power during the analysis. Moreover, to our
knowledge, this is the first large-scale study to investigate
a possible association between stroke prevalence and
green tea consumption in Korea. Recently, coffee con-
sumption has markedly increased in the Korean popula-
tion. However, many Koreans still enjoy drinking green
tea. Therefore, this study provides useful health infor-
mation that may be of interest to the public.

In conclusion, data from this cross-sectional study in-
dicates that green tea consumption is inversely associated
with stroke prevalence in Korean adult men. These re-
sults are consistent with previous epidemiological stud-
ies, thereby suggesting that green tea intake is beneficial
for stroke. Thus, additional long-term cohort studies are
warranted to confirm this result.
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