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Abstract:    Objective: To determine the association between tea consumption and the risk of stroke. Methods: We 
searched the PubMed database from January 1966 to March 2012 and reviewed reference lists of retrieved articles to 
identify relevant studies. Studies were included if they reported relative risks (RRs) and corresponding 95% confidence 
intervals (CIs) of stroke with respect to three or more categories of tea consumption. A random-effects model was used 
to combine the study-specific risk estimates. Results: Fourteen studies, consisting of 513 804 participants with a me-
dian follow-up of 11.5 years, were included in this meta-analysis. We observed a modest but statistically significant 
inverse association between tea consumption and risk of stroke. An increase of three cups/d in tea consumption was 
associated with a 13% decreased risk of stroke (RR 0.87; 95% CI, 0.81–0.94). The decreased risk of stroke with tea 
consumption was consistent among most subgroups. Based on the three studies that provided results for stroke sub-
types, tea consumption was also inversely associated with the risk of ischemic stroke (RR 0.76; 95% CI, 0.69–0.84), 
but not cerebral hemorrhage (RR 0.96; 95% CI, 0.82–1.11) or subarachnoid hemorrhage (RR 0.81; 95% CI, 0.57–1.16). 
Conclusions: Tea consumption is associated with a decreased risk of stroke, particularly ischemic stroke. More 
well-designed, rigorously conducted studies are needed in order to make confident conclusions about the association 
between tea consumption and stroke subtypes. 
 
Key words:  Tea, Stroke, Prospective studies, Dose-response meta-analysis 
doi:10.1631/jzus.B1201001                     Document code:  A                    CLC number:  R743.3 
 
 

1  Introduction 
 

Stroke is the second leading cause of death both 
in developed and developing countries (WHO, 2011). 
In the United States, every 40 s, one person suffers 
from a stroke, and every 4 min, one person dies of 
stroke (Roger et al., 2012). In addition, stroke is a 
major cause of serious long-term disability worldwide, 
which consumes large amounts of health resources 
and leads to significant economic burden (Goldstein 

et al., 2011). Primary prevention of stroke is, there-
fore, a major public health priority. 

Tea is the second most consumed beverage in the 
world, after water (Cheng, 2006). Given its popularity, 
even small health benefits of tea could have consid-
erable public health implications. Tea is generally 
consumed in the forms of black, green, and oolong, all 
of which originate from the leaves of the plant  
Camellia sinensis (Graham, 1992). While different 
processing methods produce different types of tea: 
black tea is fully oxidized, green tea is non-oxidized, 
and oolong tea is partially oxidized (Babu and Liu, 
2008). 

There is a great deal of evidence that tea has been 
associated with a reduced risk of hypertension (Yang 
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et al., 2004; Hodgson et al., 2012), diabetes (Huxley 
et al., 2009; Jing et al., 2009), and atherosclerosis 
(Geleijnse et al., 1999; Debette et al., 2008), all of 
which are major risk factors of stroke (Goldstein et al., 
2011). However, the results based on epidemiological 
studies regarding the association of tea consumption 
with stroke risk are quite inconsistent (Keli et al., 
1996; Sesso et al., 2003a). Although an inverse asso-
ciation between tea consumption and stroke risk has 
been reported in a previous meta-analysis (Arab et al., 
2009), the reported results may be susceptible to bias, 
as two of the included studies used the same study 
population (the α-tocopherol, β-carotene cancer pre-
vention (ATBC) study) (Hirvonen et al., 2000; Lars-
son et al., 2008), and three studies were overlooked 
after a comprehensive literature search (Iwai et al., 
2002; Sesso et al., 2003b; Bidel et al., 2006). In ad-
dition, five cohort studies with inconsistent results 
have been published since then (Tanabe et al., 2008; 
Lopez-Garcia et al., 2009; de Koning Gans et al., 
2010; Leurs et al., 2010; Mineharu et al., 2011). 
Therefore, we undertook a meta-analysis of prospec-
tive cohort studies to update and quantitatively assess 
the association between tea consumption and the risk 
of stroke, overall and by subtypes. 

 
 

2  Methods 

2.1  Literature search and selection 

We followed standard criteria for conducting 
meta-analysis and reporting the results (Moher et al., 
2009). A search strategy (Table 1) was developed to 
identify studies that provided effect estimates for the 
potential association between tea consumption and 
risk of stroke. We performed an electronic search in 
PubMed from January 1966 to March 2012 without 
language restrictions. Furthermore, we reviewed ref-
erence lists of the obtained articles to search for ad-
ditional studies. Only those conducted in humans 
were considered. When necessary, we contacted au-
thors of original studies for additional data. 

Studies were included in this meta-analysis if 
they fulfilled the following criteria: (1) a prospective 
cohort design; (2) the exposure of interest was tea 
consumption; (3) the outcome of interest was total 
stroke and/or stroke subtypes, i.e., cerebral infarction, 
cerebral hemorrhage, and subarachnoid hemorrhage; 

and (4) the relative risks or hazard ratios with their 
corresponding 95% confidence intervals (CIs) of 
stroke relating to three or more categories of tea 
consumption were reported. If multiple publications 
from the same study population were available, the 
most recent and detailed study was eligible for inclu-
sion in this meta-analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Search strategy and search terms used to identify 
studies on the association between tea consumption and  
stroke risk 

No. Search terms No. Search terms 
1 “stroke” 25 “oolong tea” 
2 “ischemic” 26 “tea polyphenol” 
3 “ischaemic” 27 “EGCG” 
4 “hemorrhagic” 28 “Flavonoids” 

5 “haemorrhagic” 29 “Catechin” 
6 2 OR 3 OR 4 OR 5* 30 “Flavan-3-ols” 
7 1 AND 6 31 “Flavonol” 
8 “cerebrovascular 

accident” 
32 “thearubigin” 

9 “cerebrovascular 
disorders” 

33 “theaflavin” 

10 “cardiovascular 
disease” 

34 “Camelia sinensis” 

11 “cerebral infarction” 35 “specific beverage”
12 “cerebral 

hemorrhage” 
36 “theophylline” 

13 “cerebral 
haemorrhage” 

37 “coffea” 

14 “apoplexy” 38 “coffee” 
15 “subarachnoid 

hemorrhage” 
39 “caffeine” 

16 “subarachnoid 
haemorrhage” 

40 22 OR 23 OR 24 OR 
25 OR 26 OR 27 OR 
28 OR 29 OR 30 OR 
31 OR 32 OR 33 OR 
34 OR 35 OR 36 OR 

37 OR 38 OR 39 
17 “brain ischemia” 41 “cohort study” 
18 “brain ischaemia” 42 “longitudinal study”
19 “intracranial 

hemorrhages” 
43 “follow-up study” 

20 “intracranial 
haemorrhages” 

44 “prospective study”

21 1 OR 7 OR 8 OR 9 
OR 10 OR 11 OR 12 
OR 13 OR 14 OR 15 
OR 16 OR 17 OR 18 

OR 19 OR 20 

45 “prospective cohort 
study” 

22 “tea” 46 41 OR 42 OR 43 OR 
44 OR 45 

23 “black tea” 47 21 AND 40 AND 46
24 “green tea”   

* The number represents the corresponding search terms 
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2.2  Data extraction 
 

Data were extracted independently by two in-
vestigators using a predefined data collection form, 
with disagreements being resolved by consensus. 
Relevant data included first author’s surname, pub-
lication year, country of origin, cohort name, cohort 
size, participants’ age, participants’ gender, duration 
of follow-up, tea type, outcomes (number of events), 
assessment of exposure and outcome, tea consump-
tion categories, most fully adjusted relative risks and 
corresponding 95% CIs for every category of tea 
consumption, and covariates adjusted in the multi-
variable analysis. 

For exposure values, in cups per day, we as-
signed the median or mean tea consumption per 
category as the average intake to the corresponding 
relative risk. When the median or mean tea con-
sumption for each category was not available, the 
category midrange was applied. And if the highest 
category was open-ended and included no more than 
20% of the study subjects, we assigned the category a 
value equal to 1.2 times its lower boundary; otherwise, 
we assigned 1.4 times its lower boundary for the ex-
pected right skewed distribution (Peters et al., 2001). 
If the lowest category was open-ended, we set the 
lower boundary to zero. 

2.3  Statistical analysis 

Study-specific risk estimates were extracted 
from each study to measure the association between 
tea consumption and risks of total stroke and subtypes 
of stroke. If the result on total stroke was not provided, 
we used data from fatal stroke or ischemic stroke as a 
surrogate for total stroke (Pan et al., 2011). To nor-
malize the variation between studies in different ex-
posure categories, we calculated a risk estimate for an 
increase of 3 cups/d in tea consumption for each study 
based on the method proposed by Greenland and 
Longnecker (1992) and Orsini et al. (2006). We ob-
tained the summary relative risks by pooling the 
study-specific slopes using the inverse of the corre-
sponding variances as weights on the basis of Der-
Simonian and Laird random-effects model (DerSi-
monian and Laird, 1986), which considers both 
within- and between-study variabilities. For studies 
which reported separate relative risks for different tea 
types (e.g., green tea, black tea, or oolong tea), we 

pooled the relative risk estimates for the different tea 
types, weighted by inverse of the variance within the 
study (Gao et al., 2005). 

In addition, subgroup analyses were performed 
to assess the influences of participant and study 
characteristics on study results, according to sex 
(male/female), tea type (green/black), outcome 
(stroke incidence/mortality), duration of follow-up 
(>10 years/≤10 years), geographic region (Japan/ 
USA/Europe), whether controlling hypertension and 
diabetes in models (yes/no), whether controlling 
physical activity in models (yes/no), and whether 
controlling fruits and vegetables intake in models 
(yes/no). Sensitivity analyses, by excluding each 
study one by one and recalculating the pooled esti-
mates on remaining studies, were conducted to in-
vestigate whether the overall risk estimate could have 
been affected significantly by an individual study. 

Statistical heterogeneity was assessed using the 
Q and I2 statistics (Higgins et al., 2003) at a P<0.10 
level of significance. Publication bias was evaluated 
using the Egger test (Egger et al., 1997). P<0.05 was 
considered representative of statistically significant 
publication bias. Statistical analyses were done with 
STATA 11.0 (StataCorp, College Station, TX, USA). 
All statistical tests were two-sided.  

 
 

3  Results 

3.1  Study characteristics 

The search strategy identified 813 potentially 
relevant publications, of which 781 articles were 
excluded on the basis of title and abstract (Fig. 1). 
Thirty-two full-text articles were assessed. One study 
was obtained from reference list search. Eleven 
studies were excluded either because the outcomes 
assessed were not stroke events or because the ex-
posure of interest was not tea. The study by Hirvonen 
et al. (2000) was excluded because it used the same 
study population as the study reported by Larsson et 
al. (2008), and the latter provided information with a 
longer duration of follow-up. The study by Iwai et al. 
(2002) was also excluded because data from this co-
hort were reported in another publication (Mineharu 
et al., 2011) with a larger sample size. We further 
excluded a case-control study and five review articles. 
Additionally, four primary studies (Sato et al., 1989;  
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Klatsky et al., 1993; Yochum et al., 1999; Sesso et al., 
2003a) with insufficient information for risk esti-
mates were included by extracting relevant data from 
the publication by Peters et al. (2001). Thus, there 
were 14 prospective cohort studies (Table 2) included 
in this meta-analysis. In addition, three studies (Ku-
riyama et al., 2006; Larsson et al., 2008; Tanabe et al., 
2008) provided results for stroke subtypes. 

The studies included a total of 513 804 partici-
pants with 10 192 stroke cases. Participants were free 
of cardiovascular disease or stroke at baseline among 
12 out of the 14 included studies, and the remaining 2 
studies (Sato et al., 1989; Klatsky et al., 1993) were 
not clearly defined. The median duration of follow-up 
was 11.5 years (interquartile range (IQR) 7–15 years). 
Five studies were conducted in the USA, 4 in Japan, 3 
in the Netherlands, and 2 in Finland. Mortality from 
stroke among these studies ranged from 186 per 
100 000 in the Netherlands to 5 473 per 100 000 in 
Finnish patients with type 2 diabetes. Incidence of 
stroke ranged from 675 per 100 000 female US health 
professionals to 10 174 per 100 000 male Finnish 
smokers. Tea consumption was only measured at 
baseline in most studies, whereas 3 studies (Keli et al., 
1996; Sesso et al., 2003b; Lopez-Garcia et al., 2009) 
accounted for the changes of tea consumption over 
time. Stroke was assessed by death certificates, 
medical records, or confirmation by health authorities 
in the majority of the studies, whereas one study (Keli 
et al., 1996) was on the basis of a neurologist or in-
ternist’s confirmation. Most studies provided relative 
risk estimates that were adjusted for age (13 studies), 

smoking (all 14 studies), alcohol intake (13 studies), 
body mass index (BMI) (9 studies), physical activity 
(9 studies), history of hypertension or measured blood 
pressure (7 studies), history of diabetes (6 studies), 
total energy intake (8 studies), fruits and vegetables 
intake (6 studies), coffee consumption (6 studies), and 
other dietary factors (9 studies). 

3.2  Main analysis 

The multivariable-adjusted relative risks (RRs) 
of total stroke and stroke subtypes for an increase of 
3 cups/d in tea consumption for the individual studies 
and the corresponding combined risk estimates are 
shown in Fig. 2. The pooled analyses indicated that 
increased tea consumption was significantly associ-
ated with a reduced risk of total stroke, especially 
cerebral infarction, but not of cerebral or subarach-
noid hemorrhage. The combined RR of total stroke 
for every 3 cups/d increment in tea consumption was 
0.87 (95% CI, 0.81–0.94), with evidence of moderate 
heterogeneity across studies (P=0.006, I2=53.8%). 
The summary risk estimates were 0.76 (95% CI, 
0.69–0.84; P=0.437, I2=0%) for cerebral infarction, 
0.96 (95% CI, 0.82–1.11; P=0.645, I2=0%) for cere-
bral hemorrhage, and 0.81 (95% CI, 0.57–1.16; 
P=0.15, I2=47.3%) for subarachnoid hemorrhage. 

3.3  Subgroup and sensitivity analyses 

The results of subgroup analyses stratified by 
various study and participant characteristics are 
showed in Table 3. Overall, every 3 cups/d increment 
in tea consumption had a protective effect against 
total stroke in most subgroups. Notably, the observed 
protective effect was more pronounced in several 
strata of study characteristics: female participants, 
among drinkers of green tea, having a relatively short 
follow-up period (≤10 years), and among Japanese 
studies. Diabetes and hypertension may be potential 
confounders of the relationship between tea con-
sumption and risk of stroke; however, the results were 
not markedly altered when we excluded the studies 
that did not adjust for both hypertension and diabetes 
(the pooled RR 0.88; 95% CI, 0.79–0.96). Likewise, 
the result was persistent after excluding the studies by 
Larsson et al. (2008) and Bidel et al. (2006), in which 
participants were male smokers and type 2 diabetics, 
respectively (the pooled RR 0.87; 95% CI, 
0.81–0.95). 

Fig. 1  Flowchart of study assessment and selection by 
searching PubMed 
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To investigate the robustness of our findings, we 

performed sensitivity analyses yielding a narrow 
range of RRs for total stroke from a low of 0.86 (95% 
CI, 0.80–0.92) to a high of 0.89 (95% CI, 0.83–0.96) 
after exclusion of the study by Mineharu et al. (2011) 
and the study by Sato et al. (1989), respectively (data 
not shown). 

3.4  Publication bias 

There was little evidence of significant publica-
tion bias, as indicated by the Egger linear regression 
test (P=0.853). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4  Discussion 

 
The current updated meta-analysis of 14 pro-

spective cohort studies demonstrates a significant 
inverse association between tea consumption and risk 
of total stroke, especially ischemic stroke, in a 
dose-response manner. An increase of 3 cups/d in tea 
consumption was associated with 13% and 24% de-
creased risks of total stroke and ischemic stroke, re-
spectively. Tea intake was non-significantly inversely 
associated with hemorrhagic stroke. The relationship 
persisted and remained statistically significant among  

Fig. 2  Summary relative risks (RRs) of total stroke and stroke subtypes for an increment of 3 cups/d in tea consumption  
Squares represent study-specific RR estimates (size of square reflects the study’s statistical weight), horizontal lines represent 
95% CIs, and the diamond represents the summary RR estimate with its corresponding 95% CI. Study-specific risk estimates 
were combined by using the DerSimonian and Laird random-effects model 
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most subgroups stratified by characteristics of study 
designs and populations. 

Of note, both black tea and green tea had bene-
ficial attributes in lowering the risk of stroke, and the 
observed protective effects tended to be more re-
markable for green tea than for black tea. This may be 
attributed to the presence of polyphenolic compounds, 
particularly catechins, in green and black tea. Cate-
chins, a major category of polyphenols in tea, exert a 
wide spectrum of beneficial effects against cardio-
vascular disease, including anti-oxidative, anti- 
inflammatory, anti-endothelial dysfunction, anti- 
hypertensive, and lipid lowering effects (Babu and 
Liu, 2008). Dry materials of green tea leaves are 
comprised of 30%–42% catechins, while dried black 
tea leaves, which undergo oxidation during manu-
facturing, contain 3%–10% catechins (Graham, 1992). 
Therefore, if catechins were the most important con-
tributor to the beneficial effect of tea on stroke risk, 
the difference in protective strengths between green 
and black tea is reasonable. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Our results were consistent with a previously 

conducted meta-analysis (Arab et al., 2009). The 
present meta-analysis, with two times more cases and 
subjects, allowed us to improve the precision of risk 
estimates and conduct subgroup analyses to investi-
gate potential sources of heterogeneity, thereby en-
hancing the clinical relevance of our findings. In 
addition, the presence of a dose-response relationship 
provided an accurate quantitative assessment. Fur-
thermore, a prospective cohort design was used in all 
included studies, which should reduce selection and 
recall biases. Given the absence of large population- 
based, long-term, randomized intervention trials, our 
current study is a powerful approach to assess the 
long-term effects of tea drinking on stroke risk. 

The beneficial effects of tea on stroke have a 
strong biological basis. High blood pressure is the 
most predominant risk factor for all stroke types 
(Goldstein et al., 2011; Roger et al., 2012). Evidence 
from human studies suggests that the risk of devel-
oping hypertension could be significantly reduced by 

Table 3  Stratified analyses relating per 3 cups of tea consumption to stroke risk by study and participant characteristics 

Group No. of cohorts RR (95% CI) Q statistic P-value 
I2-value 

(%) 

Sex 
Men 
Women 

 
7 
8 

 
0.85 (0.75–0.97) 
0.83 (0.76–0.90) 

 
18.5 
7.9 

 
<0.01 

0.34 

 
67.6 
 11.3 

Tea type 
Green tea 
Black tea 

 
5 

13 

 
0.83 (0.72–0.96) 
0.91 (0.83–0.98) 

 
13.4 
16.4 

 
<0.01 

0.17 

 
70.2 
26.8 

Duration of follow-up 
≤10 years 
>10 years 

 
8 
8 

 
0.83 (0.76–0.91) 
0.91 (0.81–1.02) 

 
 9.4 
19.0 

 
0.23 

<0.01 

 
25.5 
63.1 

Geographic area 
USA 
Japan 
Europe 

 
5 
5 
6 

 
0.89 (0.79–1.00) 
0.83 (0.72–0.96) 
0.91 (0.78–1.06) 

 
 0.9 
13.8 
14.8 

 
0.92 

<0.01 
0.01 

 
0 

71.0 
66.3 

Outcome 
Stroke incidence 
Stroke mortality 

 
7 

10 

 
0.85 (0.76–0.96) 
0.89 (0.80–0.99) 

 
14.5 
18.3 

 
0.02 
0.03 

 
58.7 
50.8 

Controlling hypertension and 
diabetes in models 

      Yes 
No 

 
 

7 
8 

 
 

0.88 (0.79–0.96) 
0.85 (0.75–0.96) 

 
 

10.4 
19.8 

 
 

0.11 
<0.01 

 
 

42.0 
64.7 

Controlling physical activity 
in models 

      Yes 
No 

 
 

10 
6 

 
 

0.88 (0.81–0.96) 
0.85 (0.71–1.02) 

 
 

17.8 
14.1 

 
 

0.04 
0.02 

 
 

49.4 
64.6 

Controlling fruits and vege-
tables intake in models 
Yes  
No 

 
 

6 
10 

 
 

0.87 (0.79–0.96) 
0.87 (0.78–0.98) 

 
 

8.7 
23.6 

 
 

0.12 
<0.01 

 
 

42.7 
61.8 
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regularly consuming green or oolong tea (Yang et al., 
2004). Similarly, a recent randomized trial has do-
cumented that long-term consumption of black tea 
was significantly associated with the reduction of 
blood pressure (Hodgson et al., 2012). Moreover, tea 
consumption could favorably modulate plasma lipid 
profile (Inami et al., 2007; Zheng et al., 2011; Ba-
horun et al., 2012), and decrease plasma glucose and 
hemoglobin A1c levels (Fukino et al., 2008), further 
reducing the risk of atherosclerosis formation (Ge-
leijnse et al., 1999; Debette et al., 2008) and diabetes 
(Huxley et al., 2009; Jing et al., 2009), which are 
major risk factors of stroke. In addition, tea ingestion 
has been found to decrease body weight (Basu et al., 
2010) and enhance endothelial function (Ras et al., 
2011), all of which might reduce the risk of stroke. 

Several potential limitations of this meta- 
analysis should be acknowledged. First, because of 
the observational design, we cannot completely rule 
out the possibility that the observed associations were 
due to residual confounding. For instance, individuals 
with high consumption of tea are more likely to adopt 
a healthy lifestyle (Sesso et al., 2003b; Kuriyama et 
al., 2006), such as high levels of physical activity 
(Lee et al., 2003) and eating more fruits and vegeta-
bles (He et al., 2006), which have been shown to 
reduce the risk of stroke. However, in our subgroup 
analyses which controlled for physical activity as well 
as fruits and vegetables intake, the inverse association 
between tea intake and stroke risk persisted and re-
mained statistically significant. Moreover, a wide 
range of potential confounders, including stroke risk 
factors, and other lifestyle and dietary factors, were 
adjusted for in the original studies; thus potential bias 
due to these factors should be reduced. Second, po-
tential biases due to the misclassification of tea con-
sumption might influence the findings, since meas-
urement of tea consumption was only made at base-
line in most studies, which failed to reflect long-term 
exposure and consider changes over time. Tea expo-
sure was assessed using number of cups of tea con-
sumed daily or weekly in the included studies, how-
ever, while differences in cup size and brew strength 
might arise from different populations. Daily or 
weekly amounts of dry tea leaves used for brewing 
may permit better quantification of tea consumption. 
Third, there was an insufficient number of studies 
which investigated the association between tea con-

sumption and hemorrhagic stroke, and hence the ob-
served non-significant inverse association between 
tea and hemorrhagic stroke may be due to type II 
errors and should be interpreted with caution. Fourth, 
substantial heterogeneity was observed across studies, 
which was expected considering differences in types 
of tea (e.g., green vs. black tea), methods of tea 
preparation (e.g., amounts of tea leaves, cup size, 
brewing time, water temperatures, and addition of 
milk or sugar), participants’ characteristics (e.g., 
gender, geographic region, genetic background, and 
gene-environment interactions), stroke measures, and 
analysis strategies. In our subgroup analyses, al-
though moderate heterogeneity still remained in many 
subgroups, the summary estimates showed consistent 
inverse relationships. Finally, publication bias re-
mains a concern in the meta-analysis; however, no 
significant evidence of publication bias was detected.  

 
 

5  Conclusions 
 
In summary, the present meta-analysis of pro-

spective cohort studies provided strong support of a 
significant inverse association between tea consump-
tion and risk of stroke, in a dose-response relationship. 
Further studies are warranted to address whether tea 
consumption is related to stroke subtypes and to ex-
plore the underlying mechanisms. 
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