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Coffee Consumption and Stroke Risk: e

A Meta-analysis of Epidemiologic Studies

Byungsung Kim*, Yunjung Nam, Junga Kim, Hyunrim Choi, Changwon Won

Department of Family Medicine, Kyung Hee University School of Medicine, Seoul, Korea

Background: Coffee is one of the most widely consumed beverages in the world, and contains caffeine and phenolic
compounds. Many studies on the association between coffee consumption and risk of stroke have been reported,
however, more research is needed to further explore many studies” inconsistent results. Therefore, we conducted a meta-
analysis to verify the relationship between coffee consumption and stroke.

Methods: We searched MEDLINE (PubMed), EMBASE, and the Cochrane Library, using the keywords “coffee” or “caffeine”
for the exposure factors, and “transient ischemic attack” or “stroke” or “acute cerebral infarction” or “cardiovascular
events” for the outcome factors. We included prospective cohort and case-control studies published between 2001 and
July 2011 in this review. The search was limited to English language.

Results: Among 27 articles identified for this review, only 9 studies met the inclusion criteria, all of which were cohort
studies. When using all cohort studies, the pooled relative risk (RR) of stroke for the highest vs. lowest category of
coffee consumption was 0.83 (95% confidence interval [CI], 0.76 to 0.91). When subgroup analysis was performed, for
Europeans, increased coffee drinking showed a preventive effect on stroke occurrence with RR 0.82 (95% CI, 0.74 to 0.92);
RR for women 0.81 (95% CI, 0.70 to 0.93); for ischemic stroke 0.80 (95% CI, 0.71 to 0.90); and for those drinking 4 cups or
more per day 0.83 (95% CI, 0.75 to 0.91).

Conclusion: We found that coffee consumption of 4 cups or more per day showed a preventive effect on stroke in this
meta-analysis.
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INTRODUCTION are consumed per day worldwide; it is the world’s second most

popular drink after water. While exerting only small effects on

individual health, such high consumption of coffee may have a
According to the 2008 coffee market report of the International
substantial effect on public health. Thus, many studies on the
Coffee Organization, over 2.5 billion cups (30 mL/cup) of coffee
effects of coffee on the human body are under progress across
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the effects that coffee has on cardiovascular disease. Several
studies found no statistically significant relationship between
the two variables,"® while some demonstrated a prophylactic
effect of coffee on cardiovascular diseases.” Coffee has been
reported to increase insulin sensitivity, thus helping to prevent
the development of diabetes mellitus.”'” Consumption of coffee
not only ameliorates inflammatory responses, but also improves
vascular endothelial function."”

Hypertension, cardiovascular diseases, and diabetes mellitus
are risk factors of stroke. In light of the evidence of association
between the above risk factors and coffee consumption, one can
suggest that coffee intake may directly or indirectly have some
influence on stroke.

Among studies assessing the relationship between coffee
consumption and risk of stroke, 2 cohort studies reported
prophylactic effects of coffee consumption on the development

of stroke, "

while 6 studies showed no significant relationship
between the two."*" In one cohort study, despite the statistically
insignificant relationship between coffee consumption and risk
of stroke, stroke risk tended to decrease as coffee consumption
increased in women.”” Likewise, a number of studies have been
published, but the prophylactic effects of coffee consumption on
development of stroke still remains controversial.

The association between coffee consumption and chronic

) 21,22)

diseases such as hypertension,” coronary artery disease,
or diabetes mellitus'®* has been further verified by meta-
analyses, but those clarifying the relationship between coffee
consumption and the risk of stroke are still lacking. We therefore
conducted a meta-analysis of cohort studies on the effect of coffee

consumption on the risk of stroke.

METHODS

1. Literature Search

We reviewed articles reporting on the association between
coffee consumption and risk of stroke by using the key words,
“coffee or caffeine” and “transient ischemic attack (TIA) or
stroke” and “acute cerebral infarction or cardiovascular events.”
We carried out a literature search of the MEDLINE (PubMed),
EMBASE, and the Cochrane Library databases. Only case-control

and cohort studies were selectively reviewed. The exposure factor
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was “coffee” or “caffeine,” and the result factor was “TIA” or

“stroke” or “acute cerebral infarction” or “cardiovascular events.”

2. Literature Selection

Of the identified papers, only the case-control and cohort
studies published between 2001 and July, 2011 were selected. To
be included, the study had to 1) be a prospective cohort study or
case-control study; 2) use the exposure factor as the frequency
or amount of coffee consumption; 3) and use the result factor as
the development of stroke; 4) have reported relative ratios with
95% confidence intervals of stroke incidence. Two of the authors
independently reviewed the articles. Disagreement arising during
the process of selection was adjudicated by consensus.

For each study, the following data were extracted: author,
geographic location of study, study period, age range of
participants, sample size, degree of exposure (amount of coffee
consumption), variables for adjustment, and relative risks (RRs)
of the groups with the highest and lowest level of coffee intake,
respectively. The 9-star Newcastle-Ottawa Scale (NOS) was used
for quality assessment of each of the included papers.

3. Statistical Analysis
Only cohort studies were selected for use in this study
because none of the identified case-control studies fully met

the inclusion criteria. One cohort studym

categorized results
into cerebral infarction, intracranial hemorrhage, and subdural
hemorrhage, thus we only included the RR of cerebral infarction.
For two studies**” where outcomes were categorized into stroke,
cerebral infarction, and cerebral hemorrhage, we used results
for the group stroke. Coffee consumption was grouped by a
variety of amounts. This meta-analysis selected the groups that
consumed the most and the least amount of coffee, respectively,
for subgroup analysis to maximize the effect by the amount of
coffee consumption.

Heterogeneity was measured using the Higgins I statistic by
using the following equation:

I’ =100% x (Q-df)/Q

Cochran’s Q is a measure of heterogeneity, and df is an
expression of the degree of freedom. Values of I (%) ranges from
0% to 100% with those >50% being indicative of presence of
heterogeneity.

Possible publication bias was evaluated through Begg’s funnel
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plot and with Egger’s test. All statistical analyses were conducted
using Stata SE ver. 10.0 (Stata Co., College Station, TX, USA).

RESULTS

1. Identified Papers

A total of 9 cohort studies*” published from 2001 to July,
2011 were included in this study. The selection process of the
articles included in the meta-analysis is configurated in Figure 1.
Of a total of 287 papers that were initially identified by searching
3 databases and the reference articles of the searched papers, 9
papers were finally selected for inclusion in the meta-analysis, and
51 duplicates were excluded.

The exclusion criteria implemented for the 1st screening
was a paper that was not a case-control or cohort study and that
did not have an association with the topic. The next screening
consisted of review of all remaining articles to exclude unrelated

articles (n = 4), those that investigated mortality of stroke (n =

6), and those with missing data (n = 8). In case of duplicates, we
selected the more recently published paper. A total of 9 cohort
studies were used in this meta-analysis, the characteristics of
which are delineated in Table 1.

Figure 2 schematically shows the results of this meta-analysis,
which indicated a prophylactic effect of high coffee intake (4 or
more cups of coffee a day) on stroke incidence (RR, 0.83; 95%
confidence interval [CI], 0.76 to 0.91). There was no statistically
significant between-study heterogeneity (I = 1.2%). Evaluation
of possible publication bias through Begg’s funnel plot showed no
such bias (P = 0.212) within the selected articles.

2. Subgroup Analyses

Papers used for the meta-analysis were categorized into S
subgroups (Table 2). First, they were analyzed by the country
the study took place. One study conducted in the US showed no
statistically significant association between coffee consumption
and stroke incidence (RR, 0.86; 95% CI, 0.73 to 1.02). On the
other hand, a study conducted in Europe demonstrated that

Identified studies from the databases using the keywords and the bibliographies of relevant article (n = 287)
PubMed (n = 199), EMBASE (n = 26), Cochrane (n = 50) and bibliographies (n = 12)

v

Exclude duplication articles (n = 51)

Articles remaining after excluding duplicates (n = 236)

Exclude according to selection criteria during
1st screening (n = 209):

v

no relevant studies or not case-control
or cohort studies

Avrticle reviewed, full text (n = 27)

Excluded articles during 2nd screening (n = 18)
Association with stroke mortality (n = 6)

v

Not relevant studies (n = 4)
Insufficient data (n = 8)

Article included in the final analysis (n = 9)

Figure 1. Flow diagram of identification of relevant studies.
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Study Adjusted RR (95% CI)  Weight (%)

i

Silletta et al."” (2007) : . 1.06 (0.64-1.74) 3.42

Larsson et al.”” (2008) e 0.77 (0.66-0.90) 35.59

Greenberg et al.”” (2008) —Io—— 0.88 (0.61-1.21) 7.30

Zhang et al.'” (2009) E: 0.86 (0.40-1.84) 1.47
.

Lopez-Garcia et al.”” (2009) — L 0.85 (0.69-1.06) 18.57

Zhang et al.'” (2009) E . 0.97 (0.33-2.85) 0.74
.

Mukamal et al.'” (2009) . i 0.74 (0.31-1.75) 1.14

de Koning Gans et al.'” (2010) i - 1.22 (0.88-1.70) 7.90

Larsson et al.'” (2011) — 0.77 (0.63-0.92) 23.88

Overall (I = 0.0%, P = 0.434) @ 0.83 (0.76-0.91) 100.00

T T L T T

2 5

1 2 5

Figure 2. Coffee consumption and stroke risk in a meta-analysis of epidemiological studies (n = 9). RR: relative risk, CI: confidence interval.

Table 2. Subgroup analyses by the type of geographic region of study and methodological quality of studies.

No. of studies No. of cases Adjusted OR or RR (95% CI) Heterogeneity, I’ (%)

Geographic region of study

USA 4 2,775 0.86 (0.73—-1.02) 0.0

Europe 5 4,756 0.82 (0.74-0.92) 48.2
Methodologic quality of study

High quality 3 1,974 0.86 (0.74-1.01) 64.5

Low quality 6 5,557 0.82 (0.73—-0.92) 0.0
Gender of study

Both ) 645 1.02 (0.83—1.26) 0.0

Women 3 4,184 0.81 (0.70—0.93) 0.0
Outcome of study

Total stroke 6 869 1.01 (0.83-1.23) 0.0

Ischemic stroke (infarction) 3 7,241 0.80 (0.71-0.90) 0.0
Dose of coffee consumption

>4 cups/dvs.<1 cup/d 7 7,781 0.83 (0.75-0.91) 8.2

OR: odds ratio, RR: relative risk, CI: confidence interval.

coffee consumption provided protection against stroke incidence
(RR, 0.82;95% CI, 0.74 to 0.92).

Secondly, the included articles were categorized by quality.
Each article was evaluated using the 9-star NOS and allocated

Korean ] Fam Med

to either a high-quality or the low-quality group according to its
average NOS score (7.1). The 3 studies that were grouped as
high-quality showed no association between coffee consumption

and stroke incidence (RR, 0.86; 95% CI, 0.74 to 1.01), while
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Study

Adjusted RR (95% CI)  Weight (%)

16)

!
1

Zhang et al. = (2009) i :
!

Lopez-Garcia et al.”” (2009)

Larsson et al.” (2011)

Overall (I = 0.0%, P = 0.784)

0.86 (0.40-1.84) 3.35

0.85 (0.89-1.06) 42.29
0.77 (0.63-0.92) 54.38
0.81 (0.70-0.93) 100.00

2 5

2 5

Figure 3. Coffee consumption and stroke risk in a subgroup analysis of women groups (n = 3). RR: relative risk, CI: confidence interval.

Study

Adjusted RR (95% CI) Weight (%)

12)
Larsson et al.

(2008)
Lopez-Garcia et al.”® (2009)

Larsson et al.” (2011)

Overall (I = 0.0%, P = 0.482)

0.77 (0.66-0.90) 56.02
0.94 (0.71-1.26) 16.38
0.79 (0.63-0.98) 27.60
0.80 (0.71-0.90) 100.00

2 .5 1

2 5

Figure 4. Coffe consumption and stroke risk in a subgroup analysis by the outcome of studies (Ischemic stroke group, n = 3). RR: relative

risk, CI: confidence interval.

the remaining 6 studies grouped as low-quality demonstrated a
prophylactic effect of coffee intake on stroke incidence (RR, 0.82;
95% CI,0.73 t0 0.92).

Thirdly, analysis was conducted by subgroups. With the
exclusion of one paperm that only investigated men, 5 studies
that investigated both women and men and 3 studies that only
investigated women were selected for analysis. Studies that
included both sexes were unable to demonstrate a statistically
significant association (RR, 1.02; 95% CI, 0.83 to 1.26), while
the ones that included only the female sex showed a prophylactic
effect on the development of stroke exclusively in the group with
high coffee intake (RR, 0.81; 95% CI, 0.70 to 0.93) (Figure 3).

Fourthly, subgroup analysis was conducted according to

13,20)

results. Two ™ of the included papers categorized results into

stroke, cerebral infarction, and cerebral hemorrhage. Thus, the

362 | Vol. 33, No. 6 Nov 2012

RRs of cerebral infarction of the two papers were combined with
that of one other paper,” in which the outcome was cerebral
infarction, for analysis. The remaining 6 papers showed their
outcome as stroke. The group with the outcome of stroke showed
no significant association (RR, 1.01; 95% CI, 0.83 to 1.23), while
the group with the outcome of cerebral infarction showed a
statistically significant preventive effect of coffee on stroke (RR,
0.80;95% CI,0.71 t0 0.90) (Figure 4).

Lastly, in exploration of the effect of coffee by amount of
consumption, we underwent a subgroup analysis to compare the
group that drank 4 or more cups of coffee and of that which drank
less than 1 cup per day; the results showed an inverse association
between coffee consumption and stroke incidence with a RR of

0.83 (95% CI,0.75 to 0.91) (Figure S).
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Study Adjusted RR (95% CI)  Weight (%)

T

Larsson et al.'” (2008) —— 0.77 (0.66-0.90) 39.10

Zhang et al.'” (2009) 0.86 (0.40-1.84) 1.62

Lopez-Garcia et al.”” (2009) _..__ 0.85 (0.69-1.06) 20.41

Zhang et al."” (2009) . 0.97 (0.33-2.85) 0.81

Mukamal et al.'” (2009) E o 0.95 (0.45-2.02) 1.67

de Koning Gans et al.'” (2010) ——o— 1.16 (0.80, 1.58) 10.17

Larsson et al.'” (2011) —0— 0.77 (0.63, 0.92) 26.23
|

Overall (I = 0.0%, P = 0.388) <E> 0.83 (0.78, 0.91) 100.00

2 5

2 5

Figure 5. Coffee consumption and stroke risk in a subgroup analysis (>4 cups/d vs. <1 cup/d, n = 7). RR: relative risk, CI: confidence

interval.

DISCUSSION

Caffeine, as the major component of coffee, not only elevates
peripheral vascular resistance,” but also diminishes cerebral blood
flow via its constricting effect on cerebral vessels. According to
one clinical study, cerebral blood flow abruptly decreased within
30 to 90 minutes after consuming 250 to 500 mg of caffeine.””)
One other clinical study reported that caffeine lowered cerebral
blood flow during rest.”” Moreover, moderate consumption
of coffee can possibly lead to hypertension.” Although coffee
consumption has been known to decrease cerebral blood flow and
pose a risk for hypertension, analysis of 3 articles of high quality
showed that there was no significant relationship between coffee
consumption and risk of stroke and that of 6 articles of relatively
low quality showed a prophylactic effect of coffee consumption
on stroke incidence. This meta-analysis showed that higher coffee
consumption had a significant though not much preventive effect
on stroke occurrence as of RR 0.83 (95% CI, 0.76 to 0.91).

Other than caffeine, coffee contains anti-oxidant phenol
products which improves endothelial function, thereby
preventing atherosclerosis.””” One study also reported that
C-reactive protein and adhesion molecules of white blood cells
were detected in lower amounts in those with higher coffee

intake irrelevant of caffeine content, thus indicating that coffee
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consumption decreases inflammatory responses.'” It has been
widely known than inflammatory responses are elevated in stroke
patients. One can conclude from the results that there is some
other component in coffee besides caffeine that is preventive of
stroke incidence.

As indirect evidence of the prophylactic effect of coffee
consumption on stroke incidence, there have been several
papers reporting the association between coffee intake and risk
factors of stroke such as insulin sensitivity, diabetes mellitus, and
cardiovascular diseases. Coffee maximizes insulin sensitivity,
and recent studies demonstrated the prophylactic effect of
coffee intake on development of diabetes mellitus.*'” A meta-
analysis concluded that coffee consumption did not provided any
prophylactic effect on cardiovascular diseases but did not pose
an increased risk either."* Some of the 9 selected articles used
for the current meta-analysis did not make any adjustment for
risk factors of stroke, which may have exerted either a direct or
indirect effect on the shown results of the statistical analysis.

This meta-analysis has a few limitations. First, we only
analyzed 9 articles that examined the association between coffee
and risk of stroke, and they had been published between 2003
and 2011. However, considering that the analysis included mostly
high-quality papers (NOS > 7), the small sample size would
not pose any challenge to establishing the results. Secondly, all 9
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studies evaluated in this study were conducted in Europe or the
US, thus are unable to represent the Asian population. A survey
conducted by the World Resources Institute in 2008 showed that
the US and various European countries accounted for most of
the top S0 countries listed in the order of coffee consumption per
capita; it is reasonable to think that western countries primarily
represent the coffee consuming population. Thirdly, there are
different types of coffee by its content and method of preparation:
decaffeinated, caffeinated, boiled, and filtered, possibly providing
variability in the chemical composition of the beverage. Such a
source of variability may have influenced the results. Fourthly,
each of the studies included in this meta-analysis differently
categorized the amount of coffee consumption with the highest-
level group consuming either 2 cups or more, 4 cups or more,
or 8 cups or more. On this account, a subgroup analysis was
conducted only comparing the group that consumed 4 or more
cups of coffee per day and the group that consumed less than 1
cup per day; the former was shown to provide protection against
stroke incidence with a RR of 0.83.

Coffee intake is consistently on the rise with only an
insufficient amount of epidemiological studies in progress.
Despite the limitations listed above, this meta-analysis was
significant, as it was the first meta-analysis exploring the
association between coffee consumption and risk of stroke.
Owing not only to the lack of epidemiological studies assessing
the relationship between coffee consumption and reduced deaths
due to stroke but also the pathophysiological difference between
cerebral hemorrhage and cerebral infarction, additional research

is needed in the future.
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