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Abstract: Aims: Several studies have been done to investigate the correlation between coffee consumption and risk of stroke. The results are
inconsistent. This meta-analysis is to evaluate the pooled effect of coffee consumption on risk of stroke. Methods: We searched
PubMed and Embase for all cohort studies on stroke and coffee consumption in humans with original data. Data from 13 studies
involving 12414 stroke cases among 492760 individuals were pooled. The outcome considered was the occurrence of any type of
stroke. Fixed effect model was used for the analysis of pooled relative risk. Heterogeneity was tested. If any existed, randomized
effect model was used. Results: Comparing with non coffee drinking, all coffee consumption could reduce total stroke by 11%
(95%CI: 0.81, 0.97). In women, coffee consumption could reduce stroke risk by 17% (95%CI: 0.79, 0.87). Although there is no
statistical difference in men, coffee consumption showed the tendency of decreasing stroke risk. Light, moderate and heavy coffee
consumption could reduce the all type stroke risk by 10% (95%CI: 0.85, 0.96), 14% (95%CI: 0.76, 0.97), and 17% (95%CI: 0.78,
0.89) respectively. Conclusions: This meta-analysis is strongly supportive of the hypothesis that coffee consumption at different
level, reduces the risk of stroke.
Keywords: Stroke • Risk • Coffee • Caffeine • Meta analysis • Cohort studies
© Versita Sp. z o.o.

1. Introduction
Stroke is one of the leading causes of death and disability worldwide. Its prevalence is increasing with
the aging of population [1]. It not only profoundly
influences the patients’ life quality, but also creates
enormous stress for their families and society. Identifying the risk factors in daily life should facilitate their
control, what is essential for stroke prevention.
Coffee is one of the most popular beverages in
the world [2]. The number of coffee consumers is increasing. Thus, its effect on human body is closely
related to public health. Several investigators suggest that substances in coffee not only have antioxidant properties and improve endothelial function,

but also can increase insulin sensitivity and reduce
inflammation [3,4]. Studies have been done to investigate the relationship between habitual coffee drinking and several diseases. It indicates that coffee
consumption could decrease the risk of Type 2 diabetes [5]. Meta analysis on coffee consumption and
coronary heart disease (CHD) shows that coffee can
reduce CHD risk in women, but may have no effect in
men [6,7]. There are only a few researches about the
correlation between coffee consumption and stroke.
And among these, stroke was not the primary outcome of interest in most studies. Even though, the
results remain controversial.
Here, we report a meta-analysis of the cohort
studies published up to June 2011 that involved the
* E-mail: xuyuming2011@hotmail.com
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relationship between coffee consumption and stroke
risk all over the world. We aimed to find out whether
the association occurs between different degrees of
coffee consumption and risk of stroke.

2. Materials and methods
The study was performed in accordance with the recommendations of the Quality of Reporting of Meta-analysis consensus group.

2.1 Search strategy

Literatures were searched from online database Pubmed
and Embase with the terms: “coffee” “risk factors” “caffeine” “prevention” “lifestyle” “diet” and “prognosis”
crossed with the terms “stroke”, “cerebral vascular disease”, “vascular disease”, “brain infarct”, “brain attack”
and “brain hemorrhage”. We manually searched the potentially relevant articles in the references. We restricted
the search to human beings and clinical trials from 1980
to April, 2011. No language restrictions were made.
The inclusion criteria were as follows: (1) cohort studies; (2) relations between coffee consumption and stroke
were involved; (3) original research papers; (4) the diagnosis of stroke was confirmed by neuro-imaging or neurologist. Exclusion criteria: (1) review papers; (2) case
control studies; (3) the effect of coffee was not mentioned;
(4) Data was not complete or available.

2.2 Data extraction

The data were extracted by two researchers (Zhang,
Wang), according to the standard protocol made in advance. The discrepancies were resolved by a conference participated by all the researchers. The protocol
is described below.
We only included studies that fully completed the
inclusion criteria. Unpublished data was not included
in this review. All types of strokes and all kinds of coffee consumptions were taken into account in the metaanalysis. The multiple factors adjusted relative risks
(RR) and 95%CIs of the included studies were extracted. The following characteristics of included studies
were extracted, including coffee intake, stroke types,
case numbers, events, sex, follow up years, data quality evaluation score, and adjustment factors.
The categorization of coffee consumption was different among studies. In this review, we combined
coffee consumption less than 1 cup one week and no
coffee consumption as non coffee consumption group.
Coffee consumption more than 1 cup each day was
further classified into three catagories according to the
principle used in a meta-analysis of coffee and coro-

nary heart disease with some modifications: the light :
US and Asian studies, more than 1 cup per week, but
≤1 cup per day; European studies, more than 1 cup per
week, but ≤2 cups per day; moderate: US and Asian
studies, 1-3 cups/d, European studies, 3-4 cups/d;
heavy: US and Asian studies ≥4 cups/d, European
studies, ≥5 cups/d.
Subgroup analyses were conducted according to
the degree of coffee consumption (light, moderate and
heavy), and gender (male, female).

2.3 Statistical methods

Newcastle - ottawa quality assessment scale including
assessments of selection, comparability, and outcome
was used to evaluate the quality of the included studies, the points range from 0 to 9. The point is higher,
the quality is better [8]. Heterogeneity was assessed
by the probability value of Q statistics and I2. The test
of heterogeneity was considered significant if P<0.10.
The I2 (range from 0% to 100%) was also calculated
to measure the degree of inconsistency in the studies’ results. We used Cochrane Collaborations Review
Manager software package (RevMan5.1) to perform
the meta-analysis. Pooled RRs with 95%CIs of stroke
for the coffee consumption, were estimated by general
variance-based method. P<0.05 was considered to be
of statistical significance.
We calculated multiple factors adjusted RR and
95%CI for each study as a measure of stroke risk
among different degree coffee consumers. Standard
Error (SE) was calculated from RR and CI. Pooled RR
and 95%CI were evaluated by fixed effects model if
no significant heterogeneity existed. Otherwise, data
would be analyzed by randomized effects model. Publication bias was investigated by funnel plot asymmetry.

3. Results
3.1 General characteristics of included studies

The search from the Pubmed and Embase databases
yielded 82 articles. Sixty three which didn’t involve the
relationship between stroke and coffee were excluded
while screening by the abstract. Among the left 19 literatures, 1 case crossover study, 2 review papers, and 3
papers without full text were excluded. Thirteen cohort
studies with the data of the correlation between coffee
consumption and stroke risk were finally recruited in
this analysis.
The 13 studies that contribute to this meta-analysis
were from 6 different countries: USA [9-12], Finland
[13,14], Sweden [15,16], Netherland [17,18], Italy [19]
and Japan [20,21]. Three studies included only women,
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three included only men, and the others included both
genders: The follow-up years ranged from 2 to 25; The
number of participants ranged from 499 to 120852; The
number of new stroke cases ranged from 54 to 3090;
Four of the studies presented the RR of ischemic stroke
and hemorrhagic stroke separately, and the rest only
reported the overall RR of all types of stroke; The endpoints of the studies were different. Five of them included fatal stroke, two only included non fatal stroke. The
other six combined all types of stroke.
The coffee consumptions were divided into different categories in those studies. Most studies took cup
as unit. Only one study defined the amount of coffee
consumption by ounces [9]. However, it transferred
ounces into cups while presenting data on stroke. In
the included studies, one cup was equal to 131±28.2ml
on average. Seven of the studies assessed the coffee
consumption by questionnaire, and one by dietitian. All
the studies presented the multivariate RR adjusted by
age, smoking habits, alcohol use and other risk factors
for stroke (Table 1). The multivariate RRs and 95%CIs
were extracted for the pooled analysis.
Table 1.

3.2 Quality assessment of included studies

The mean (SD) overall quality score of the included
studies was 7.23 (0.83), with a range of 6-8. The mean
(SD) sub scores for assessments of selection, comparability and outcome were 2.85 (0.55), 1.85 (0.38), and
2.53 (0.52), respectively.

3.3 Heterogeneity and publication bias

There was significant between-study heterogeneity
among included studies in the overall coffee consumption group. The Q value was 38.25, and I2 was 69%.
Therefore, randomized effect model was used to evaluate the pooled effect.
For the subgroup analysis for women, the Q value
was 8.19, and I2 was 39%, fixed effect model was used;
For men, Q value was 15.92, and I2 was 69%, randomized effect model was used.
Subgroup analysis was also done on different degrees
of coffee consumption. There was no significant heterogeneity in light coffee drinking group. The Q value for the
included studies was 11.52. The I2 was 13%. Fixed effect
model was utilized to conduct the meta-analysis; The het-

Characteristics of included studies.

Study
Hakim AA, 1998
Larsson SC, 2008
Esther LG, 2009
Larsson SC, 2011

Country

Participants
(n.)

Follow-up
years

Sex1

Stroke
events (n.)

Stroke
type2

Adjustments3

Quality
Score4

USA

499

25

M

76

B

age, smk , SBP, TCh, TD, DM, alcohol, PA

8
8

Finland

26556

13.6

M

3090

B

age, smk, BMI, BP,TCh,DM,CHD,PA,
alcohol, tea

USA

83076

24

F

2280

B

age, smk, BMI, PA, alcohol, HRT, aspirin use,
eating habits, HBP, TCh, and DM.

7

Sweden

34670

10.4

F

1680

B

Age, smk, Edu, BMI, PA,DM, HBP, aspirin
use; MI and eating habits

7
6

Zhang WL, 2009

USA

7170

24

F

224

B

age, smk , BMI, alcohol, PHMI, HBP, HCH,
MeS and HRT, PA, MV, DM, eating habits

Diederick E, 1990

USA

45589

2

M

54

B

Age, quintiles of Quetlet’s index, smk , DM,
alcohol, PHMI, eating habits

6

Netherlands

37514

13

B

563

F

sex; age; Edu, PA, smk, BMI, MeS, alcohol,
tea, eating habits

8

Italy

11231

3.5

B

1716

N

age, gender, smk , MI,BMI, HBP, DM, PVD,
NYHAC, VE, Medicine history
and eating habits

7

Finland

3837

20.8

B

210

F

age, sex, BMI,SBP, TCh, Edu, alcohol,
tea and smk

7
6

Gans JM, 2010
Silletta MG, 2007
Bidel S, 2006
Sugiyama K, 2010

Japan

37742

10.3

B

191

F

age, sex, HBP,DM,Edu, BMI, PA, SMK, green
tea, oolong tea, black tea, eating habits

Mukamal KJ, 2009

Sweden

1369

9.9

B

136

N

age, sex, diabetes, smk, BMI, PA, alcohol,
tea, Edu

8

Netherlands

120852

10

B

708

F

age, smk and total energy intake

8

F

BMI, HBP, DM, smk , alcohol, Edu, PA, MV,
VE, eating habits

8

Leurs LJ, 2010
Mineharu Y, 2009

Japan

82655

13.1

B

1486

M=male; F=female; B=both male and female
F=fatal stroke; N=non fatal stroke B=both fatal and non fatal stroke
smk: smoking, MI: myocardial infarction, PA: physical activity, TCh: total cholesterol, TG: triacylglycerols, Edu: education, DM: diabetes mellitus, HRT:
hormone replace therapy, VE, VC, MV:vitamin E, C or multiply vitamin use, BP: blood pressure, DBP:diastolic blood pressure, HBP: hypertension,
MeS:menopausal status, HCH: hypercholesterolemia, PHMI: parental history of myocardial infarction, NYHAC:New York Heart Association class,CCSAS:
Canadian Cardiovascular Society angina symptoms
4
Newcastle-ottawa quality assessment scale including assessments of selection, comparability, and outcome, full score is 9
1
2
3
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of statistical significance; The RR of heavy coffee consumption was 0.83 (95%CI: 0.78, 0.89). P value was
less than 0.00001. The meta-analysis results were presented in Table 2. The Forrest plots for these studies
were presented in Figure 2.

erogeneity of moderate coffee drinking group in included
11 studies was significant. The Q value was 22.13, I2 was
55%, P value was 0.01. For this group, randomized effect
model was used to detect the pooled effect; There was no
significant heterogeneity in heavy coffee drinking group,
with the Q value of 12.32, I2 of 27%, and P value of 0.20.
Therefore, fixed model was used.
There was no indication of significant publication
bias among the contributed studies. The funnel plot of
the included studies was presented in Figure 1.

Figure 1.

4. Discussion
Studies contributed to this analysis were form 6 different
countries including USA, 4 European countries, and 1
Asian country. Despite different drinking customs and
a broad range in stroke risk, a consistent association
is found. The pooled meta-analyses show coffee consumption to be associated with reduced risk for stroke
occurrence and mortality. Coffee drinking appears to reduce risk of a fatal or nonfatal stroke by approximately
11% as compared with non coffee drinking. It seems
more effective in women by significantly reducing stroke
risk by 17%. There is no statistical difference in men.
The effect does not appear to be specific to light, moderate or heavy coffee drinking. This result is consistent
with current meta analyses on the coffee consumption
and risk of CHD, which indicate that habitual moderate
coffee drinking is associated with a lower risk of CHD in
women [7], but has no effect on men [6]. These findings
suggest that coffee drinking may be one of the healthy
lifestyles, especially for women, which could reduce the
risk of stroke and CHD.
Only cohort studies were included in this analysis,
for their efficiency to detect long term effect of coffee
drinking on stroke risk. Most included studies had a
large sample size and long duration of follow-up. The
qualities of studies were evaluated by newcastle-ottawa
quality assessment scale which included assessments
of selection, comparability and outcome. Both the average overall score and average sub scores were high.
Data adjusted by stroke risk related factors such as age,
smoking, alcohol, diabetes, BMI, physical activity, etc
was extracted to reduce the confounding bias.
Publication bias is a common problem in meta-analysis, such that studies showing positive results are more

Funnel plot of studies of coffee consumption and stroke risk.

3.4 Overall effects of coffee consumption on stroke

A total of 492760 participants and 12414 new stroke
cases were included in pooling the overall effects of coffee consumption on total stroke risk. Comparing with
non coffee drinkers, coffee consumption could reduce
total stroke by 11% (95%CI: 0.81, 0.97). P value was
0.006. In women, coffee consumption could reduce
stroke risk by 17% (95%CI: 0.79, 0.87), P value was
less than 0.00001. Although there is no statistical difference in men, coffee consumption showed the tendency
of decreasing stroke. The RR of coffee consumption in
men was 0.88 (95%CI: 0.72, 1.09).
For the subgroup analysis according to the degree
of coffee consumption, light coffee consumption could
reduce the total stroke risk by 10% (95%CI: 0.85, 0.96).
P value was 0.002; The RR of moderate coffee consumption was 0.86 (95%CI: 0.76, 0.97), which is also
Table 2.

Meta analysis results of Relative Risk of coffee consumption.

Group

No of Studies

RR2

95%CI

Total VS non coffee consumption

13

0.89

[0.81, 0.97]

Total VS non coffee consumption in women

6

0.83

Total VS non coffee consumption in men

6

0.88

Light VS non coffee consumption

11

Moderate VS non coffee consumption
Heavy VS non coffee consumption

1

Test of Heterogeneity
Q value

df

P

I²

38.25

12

0.0001

69%

[0.79, 0.87]

8.19

5

0.15

39%

[0.72, 1.09]

15.92

5

0.007

69%

0.90

[0.85, 0.96]

11.52

10

0.32

13%

11

0.86

[0.76, 0.97]

22.13

10

0.01

55%

10

0.83

[0.78, 0.89]

12.32

9

0.20

27%

Total: total coffee consumption, Light: light coffee consumption, Moderate: moderate coffee consumption, Heavy: heavy coffee consumption
2
Randomized effect model was used if heterogeneity among studies is significant (P﹤0.10); Fixed effect model was used if no significant heterogeneity
exits (P≥0.10).
1
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Figure 2. Forest plots of studies of coffee consumption and stroke risk.

A: total coffee consumption vs non coffee consumption; B: light coffee consumption vs non coffee consumption; C: moderate coffee
consumption vs non coffee consumption; D: heavy coffee consumption vs non coffee consumption; E: total coffee consumption vs non
coffee consumption in women; F: total coffee consumption vs non coffee consumption in men.

likely to be published. However, the likelihood of publication bias in our meta-analysis is quite low, since only
5 of the included studies took stroke as the primary outcome of interest. The rest 8 of them focused on mortality
due to all causes or cardiovascular diseases. Actually,
some included studies indicated that no associations
had been found between coffee consumption and risk of
stroke among post myocardial infarct patients, middleaged healthy men, healthy Japanese, or patients with
type 2 diabetes. Eventually, several included studies
showed that coffee might increase stroke mortality in hypertensive older middle aged men. The funnel plot also
314

indicated that there was no significant publication bias.
There are several limitations of this analysis. First
of all, the categories of coffee drinking are different in
the included studies. It is difficult to make precise definitions of light, moderate and heavy coffee consumption.
We adopted the principles that used in a meta analysis
on relationship between coffee consumption and coronary heart disease [7]. Coffee drinking was divided into
three groups: light, moderate, and heavy for the subgroup analysis. A standardized definition is needed for
the further study. Secondly, the data on the relationship
between coffee consumption and stroke was relatively

R. Zhang et al.

cursory. Ideally, it would be more interesting if stroke as
an outcome could be investigated separately in male
and female, and separated into different subcategories including ischemic stroke, hemorrhagic stroke, etc,
since some studies suggested that coffee consumption
could reduce the stroke risk in women but increase the
risk in men [20], and it might decrease the risk of hemorrhagic stroke but increase the risk of ischemic stroke [9].
Most of the included studies combined all stroke types,
and the few studies addressing different subtypes of
stroke were too limited to meta-analyze. Therefore, in
this analysis, we could only investigate the effect of coffee consumption on all types of stroke.
The mechanism of coffee may protect against stroke
remains speculative. Caffeine which is mainly obtained
from coffee was shown to decrease heart disease mortality by a large cohort study [22]. Since stroke shares
many risk factors with heart diseases, it may also benefit

from caffeine. There are many other substances inside
coffee besides caffeine. Animal researches show that
the phenolic compounds inside coffee have a strong
antioxidant capacity [23]. They could enhance endothelial function, and reduce the expression of inflammatory
molecules. Magnesium, trigonelline and quinides in coffee could improve insulin sensitivity [24], lower risk of
diabetes, thus reduces stroke risk.
In conclusion, this meta-analysis is strongly supportive of the hypothesis that coffee consumption at different level, reduces the risk of stroke occurrence and
mortality.
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