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Abstract
Several meta-analyses including a small number of cohorts showed inverse associations between the Mediterranean Diet 
(MedDiet) and risk of stroke. However, it remains unclear whether such a relation varies by region of the study population 
or by major subtypes of stroke. We searched PubMed and EMBASE databases for relevant studies and we further included 
unpublished results from the Singapore Chinese Health Study (N = 57,078) and the Seguimiento Universidad de Navarra 
(SUN) study (N = 12,670). We used a random-effects model to calculate summary relative risk (RR) with 95% confidence 
intervals (CI) of stroke for each 4-point increment of the MedDiet score, roughly corresponding to the difference between 
extreme quintiles of the MedDiet score among participants of the included studies. The final analyses included 20 prospec-
tive cohort studies involving 682,149 participants and 16,739 stroke cases. The summary RRs for each 4-point increment 
of the MedDiet score were 0.84 (95% CI 0.81–0.88; I2 = 11.5%) for all combined, 0.76 (95% CI 0.65–0.89) for studies in 
Mediterranean populations and 0.86 (95% CI 0.83–0.89) for those in non-Mediterranean populations. Lower risk of stroke 
associated with higher MedDiet score also was observed in the analyses stratified by study population and methodological 
characteristics including study risk of bias, version of the MedDiet index, and definition of moderate alcohol consumption. 
The MedDiet was similarly associated with lower risk of ischemic stroke (RR 0.86, 95% CI 0.81–0.91; nine studies) and 
hemorrhagic stroke (RR 0.83, 95% CI 0.74–0.93; eight studies). Our meta-analysis suggests that adhering to the Mediter-
ranean diet was associated with lower risk of stroke in both Mediterranean and non-Mediterranean populations, and for both 
ischemic stroke and hemorrhagic stroke risk.
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Introduction

Stroke is the second leading cause of mortality and the third 
cause of disability worldwide, imposing serious threats on 
public health [1]. It has been estimated that in 2013, there 
were 10.3 million new-onset cases of stroke and 6.5 mil-
lion deaths from stroke [2]. Despite declines in worldwide 

age-standardized mortality rate, the absolute numbers of 
both incident stroke and stroke deaths have been increasing 
in the past decades, and the increases will continue globally 
but particularly in low-income and middle-income countries 
as a consequence of the ongoing population growth, ageing, 
and epidemiological transitions [3, 4]. Stroke appears to be 
a largely preventable condition. According to evidence from 
several large-scale international studies [4, 5], approximately 
90% of the stroke burden may be attributable to modifiable 
risk factors including a poor diet, which highlights the poten-
tial of primary prevention. With regard to dietary factors, the 
Global Burden of Disease Study 2013 [4] ranked a low-
fruit diet, a high-sodium diet, and a low-vegetable diet as the 
second, fourth and sixth leading modifiable contributors to 
stroke burden. A national analysis of the US population also 
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suggested that more than half of stroke deaths in 2012 could 
be attributed to suboptimal diets [6].

The Mediterranean diet (MedDiet), an eating pattern 
found among populations living in the Mediterranean 
Basin during the 50 s and 60 s of the twentieth century, 
has been extensively studied and related to multiple health 
outcomes [7–9]. A large body of evidence is available and 
it is recently growing to support that this diet may be par-
ticularly beneficial for stroke prevention. In a landmark trial 
of high-risk population in Spain, a 5-year intervention with 
a MedDiet significantly reduced the incidence of major 
cardiovascular disease (CVD), predominantly stroke: The 
recently republished results of this trial including many 
new thorough analyses and addressing potential criticisms 
supported this strong protective effect [10]. Results from 
observational cohort studies also supported that greater 
adherence to the MedDiet is associated with a lower risk 
of stroke [11–13]. However, questions remain as to whether 
the MedDiet can similarly confer benefits for Mediterranean 
and non-Mediterranean populations and for the prevention 
of ischemic and hemorrhagic stroke, two major subtypes 
of stroke. It is also uncertain how variations in the compo-
nents of the MedDiet indices used in different studies may 
influence this association. A clearer understanding of these 
questions is relevant for informing stroke prevention strate-
gies. Therefore, we performed a meta-analysis to evaluate 
the association between the MedDiet and risk of stroke and 
stroke subtypes, including both published and unpublished 
results from a large number of prospective studies conducted 
in different world regions.

Methods

Literature search

We planned, conducted, and reported this study in adherence 
to the guidelines of the ‘Meta-analysis Of Observational 
Studies in Epidemiology group’ [14]. We performed a lit-
erature search on PubMed and EMBASE databases through 
February 10, 2019 using the search strategy reported in the 
Supplemental Methods, without restrictions on language or 
publication type. The reference lists of retrieved full publi-
cations and previous systematic reviews and meta-analyses 
[9, 11–13] were hand screened to identify any additional 
studies. We also reviewed the commentary and respond-
ing letters attached with the full publications for additional 
information. Two authors (GCC and NN) independently 
accessed the eligibility of the identified records, with any 
disagreements resolved by group discussions. We further 
contacted the corresponding authors to obtain additional 
unpublished data wherever necessary.

In addition to published studies, we assessed the MedDiet 
in relation to mortality risk due to total stroke, ischemic/
unspecified stroke, and hemorrhagic stroke in the Singa-
pore Chinese Health Study (SCHS) [15]. Although some of 
the stroke cases in the SCHS were unspecified, our previ-
ous validation study showed that most of these cases were 
ischemic [16]. We also investigated the relationship between 
the MedDiet and risk of total stroke (fatal/non-fatal) in the 
Seguimiento Universidad de Navarra (SUN) (University of 
Navarra follow-up) study [17]. Thereafter, we included these 
unpublished results in the meta-analysis. More detailed pro-
cedures for the analyses of both cohorts are available in the 
Supplemental Methods.

Study selection

To be included, published studies had to meet the following 
criteria: (1) the study design was prospective; (2) the expo-
sure of interest was the MedDiet adherence as reflected by a 
specific dietary index, for example the commonly used Med-
Diet index developed by Trichopoulou et al. [18] or by Fung 
et al. [19]; (3) the outcome of interest was stroke, including 
any fatal/non-fatal ischemic stroke, hemorrhagic stroke, or 
other cerebrovascular accidents; and 4) risk estimates such 
as relative risk (RR) or hazard ratios (HR) with correspond-
ing 95% confidence interval (CI) of stroke were available. 
We excluded studies in which all participants were patients 
with major CVD at baseline; however, we included studies 
that enrolled participants with CVD risk factors (e.g. dia-
betes) [20, 21]. For two publications [22, 23] that used the 
same study population, we included the one [22] with larger 
number of cases and used results for stroke mortality that 
were only available in the other [23] for subgroup analyses.

Data extraction and quality assessment

Using a standardized data-collection form, we collected the 
following data from each included study: the first author’s 
last name, publication year, country, study name, years of 
follow-up, age, sex, number of participants and stroke cases, 
patients excluded at baseline, method for dietary assessment, 
components of the MedDiet, definition for moderate drink-
ing, the maximally adjusted risk estimates with 95% CIs 
for each category of the MedDiet score and/or for per-unit 
increment of the score, and the statistical adjustments made. 
We evaluated risk of bias for each study using the ROBINS-I 
(Risk Of Bias In Non-randomized Studies-of Interventions) 
tool [24]. The tool consisted of seven domains: confounding, 
selection of participants, exposure measurement, misclassifi-
cation of exposure during follow-up, missing data, outcome 
measurement, and selective reporting. Bias specific to this 
meta-analysis included using a dietary index that may not 
reflect the MedDiet well.
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Statistical analysis

Risk estimates of stroke in the primary studies were reported 
based on distinct comparisons of the MedDiet score (e.g. for 
extreme quintiles/quartiles/tertiles or per unit increment). 
For consistency, we estimated for each study the RR with 
95% CI for a 4-point increment of the MedDiet score. Such 
an increment approximates difference between extreme 
quintiles of the MedDiet score in included studies, because 
the range between the medians of the extreme quintiles of 
the score was around 4 points across studies of divergent 
regions (e.g. the SCHS, the SUN study, and several other 
studies of the Mediterranean [25] and non-Mediterranean 
countries [19, 20, 26]). For studies where the MedDiet score 
was reported as a continuous variable (e.g. per 1-point or SD 
increment), the results were converted to the estimates for a 
4-point increment of the score. For studies that reported the 
MedDiet score only as a categorical variable, we calculated 
the dose–response estimates for a 4-point increment by use 
of the method proposed by Greenland and Longnecker [27] 
and Orsini et al. [28]. The reference group of one study [26] 
was not the lowest category of the MedDiet score and there 
was no response after author correspondence; therefore, we 
set the lowest category as the new reference category for 
this study and calculated new risk estimates according to 
the method of Hamling et al. [29].

Several studies [23, 30, 31] used two or more versions 
of the MedDiet indices, and we included the results based 
on the index developed by Trichopoulou et al. or by Fung 
et al. for the sake of improving consistency with most other 
studies included. For studies [32–35] that reported only 
sex- or stroke subtype-specific results without presenting 
overall estimates, the results were pooled with a fixed-effect 
model and the combined estimates were used in the main 
analyses. Several studies used modified MedDiet indices 
and the possible range of these scores were 0–7 [36], 0–8 
[34, 37], 0–14 [21], 0–18 [38], rather than 0–9. For these 
studies, the reported results were standardized to the risk 
estimates corresponding to a 9-point scale of the MedDiet 
score. For example, the log-scale RR with corresponding 
variance (for 4-point increment) in the 14-point scale each 
was multiplied by 1.56 (14/9) to derive the log-scale RR 
and variance (for 4-point increment) in the 9-point scale. 
Afterward, we combined study-specific estimates using a 
random-effects model [39], which considers both within- 
and between-study variation.

We examined potential non-linear relationship between 
the MedDiet score and stroke risk, with the score being 
modeled using restricted cubic splines with three knots at 
percentiles 10%, 50% and 90% of the distribution [40]. A 
P value for non-linearity was calculated by testing the null 
hypothesis that the coefficient of the second spline is equal 
to zero. We also performed stratified and meta-regression 

analyses according to the following study and population 
characteristics: age and sex of participants, duration of fol-
low-up, number of cases, outcome of stroke (fatal and/or 
non-fatal), stroke subtype (ischemic and hemorrhagic), study 
risk of bias assessed by the ROBINS-I, study region, ver-
sion of the MedDiet score, definition for moderate alcohol 
drinking, whether patients with other major CVD at base-
line were excluded, and whether the analyses were adjusted 
for potential mediators such as blood pressure and lipids. 
We further conducted sensitivity analyses to evaluate the 
robustness of the summary results (e.g. removing studies 
that included high-risk population and performing meta-
analysis that compared highest with the lowest categories 
of the MedDiet score).

Heterogeneity among studies was assessed using the Q 
and I2 statistics [41]. For the Q statistic, P < 0.1 was con-
sidered as statistically significant, and for the I2 statistic, 
a value of < 30%, 30–75%, and > 75% was deemed as little 
or no, moderate, and high heterogeneity. Potential publica-
tion bias was evaluated using Egger’s linear regression test, 
Begg’s rank correlation test and funnel plots [42, 43]. All 
statistical analyses were performed using STATA version 
12.0 (STATA Corp., College Station, TX, USA).

Results

Literature selection

A flow chart of the study selection is reported in Fig. 1. 
Briefly, a total of 839 unique reports were identified after 
removing duplicates, of which 45 were retrieved for more 
detailed review. Two additional reports were found by 
screening the references of relevant manuscripts. Twenty-
nine reports were excluded after additional evaluations (Sup-
plemental Table 1), resulting in 18 published eligible studies 
[19–22, 25, 26, 30–38, 44–46], of which 16 were reported as 
full articles and two [20, 46] as conference abstracts. After 
the addition of unpublished data from the SCHS and the 
SUN cohorts, our final analysis included 20 prospective 
cohort studies. Among these studies, results for ischemic 
and hemorrhagic stroke were separately reported for eight 
studies [19, 30, 33–35, 45, 46] (including the SCHS) and 
results for ischemic stroke were acquired through author cor-
respondence for one additional study [38].

Study characteristics

The characteristics of the included studies are summarized 
in Table 1. Overall, the 20 studies included 682,149 par-
ticipants and 16,739 stroke cases. For the two unpublished 
studies (the SCHS and the SUN), baseline population char-
acteristics according to quintiles of the MedDiet score are 
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reported in Supplemental Tables 2 and 3. After the adjust-
ment for multiple potential confounders, a higher MedDiet 
score was significantly associated with a lower risk of stroke 
mortality in the SCHS (Supplemental Table 4) and non-
significantly with a lower risk of stroke in the SUN study 
(Supplemental Table 5).

Of the 20 included studies, six were from the US, two 
from Eastern Asia, five from Mediterranean countries (Italy, 
Greece and Spain), six from non-Mediterranean European 
countries, in addition to one from five Mediterranean and 
non-Mediterranean European countries. Duration of fol-
low up and sample size ranged substantially across stud-
ies. Three studies included women only, whereas all other 
studies included both men and women. Participants in three 
studies [20, 21, 36] were high-risk individuals who had dia-
betes [20] or multiple other CVD risk factors [21, 37]. The 
outcome was fatal and non-fatal stroke in all except for three 
studies for which only fatal stroke were evaluated. All stud-
ies included alcohol consumption as a MedDiet component 
with different definitions of moderate consumption. Other 
potentially beneficial and detrimental components of the 
MedDiet used in each study are presented in Supplemental 

Tables 6 and 7. Reported results and statistical adjustments 
used in each study are summarized in Supplemental Table 8. 
For the outcomes of total stroke, ischemic stroke and hem-
orrhagic stroke, the proportion of studies without serious 
risk of bias was 70% (14/20), 67% (6/9) and 100% (6/6), 
respectively (Supplemental Table 9).

MedDiet and risk of stroke and stroke subtypes

A meta-analysis of the 20 prospective studies showed a sig-
nificant 16% (RR 0.84, 95% CI 0.81–0.88) lower risk of 
stroke for each 4-point increment in the MedDiet score, with 
limited evidence for heterogeneity (P = 0.31; I2 = 11.5%) 
(Fig. 2). The association appeared stronger for the studies of 
the Mediterranean populations (RR 0.76, 95% CI 0.65–0.89) 
than for other studies (RR 0.86, 95% CI 0.82–0.89), but this 
difference was not significant (Pdifference = 0.17). There was 
no evidence for a nonlinear relationship between the Med-
Diet score and risk of stroke (Pnonlinearity = 0.15, Supplemen-
tal Figure 1).

As to stroke subtypes, results of meta-analysis showed 
that each 4-point increment of the MedDiet score was sig-
nificantly associated with 14% (95% CI 9–19%; I2 = 0%; nine 
studies with 6630 cases and 379,477 participants) lower risk 
of ischemic stroke and 17% (95% CI 7–26%; I2 = 0%; eight 
studies with 2027 cases and 356,200 participants) lower risk 
of hemorrhagic stroke (Fig. 3).

Stratified and sensitivity analyses

The observed inverse association between the MedDiet 
score and risk of stroke was consistent across various pre-
defined subgroup populations, although the pooled effect 
estimates were not always comparable within these strata 
(Table 2). The association for total stroke was stronger for 
studies with potentially serious risk of bias than those with-
out (Pdifference = 0.005); nevertheless, most (90%) stroke cases 
were included in the studies without serious risk of bias, 
and the risk estimate based on the latter was comparable 
with the overall summary estimate. The association did not 
vary by the definition of moderate alcohol drinking, and the 
MedDiet indices based on Trichopoulou et al. and Fung et al. 
were similarly associated with lower risk of stroke. Results 
for fatal stroke were reported for seven studies (including 
the SCHS) and acquired through author correspondence for 
one additional study [25]. A meta-analysis of these eight 
studies (6114 stroke deaths) showed a significant 16% (95% 
CI 8–20%) lower risk of stroke mortality for each 4-point 
increment of the MedDiet score (Table 2).

The summary RR was 0.84 (95% CI 0.79–0.88) when 
restricting the analysis to the 16 published full reports. 
Results were similar after excluding three studies [35, 36, 
45] in which a small proportion of cases were patients with 

Fig. 1   Literature selection for the meta-analysis. SCHS, Singapore 
Chinese Health Study; SUN, Seguimiento Universidad de Navarra 
(University of Navarra follow-up)
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transient ischemic attack (RR 0.86, 95% CI 0.83–0.89), or 
omitting the three studies [20, 21, 36] that included high-
risk participants (RR 0.86, 95% CI 0.83–0.89). A total of 18 
studies reported results based on extreme categories (tertile, 
quartile or quintile) of the MedDiet score, and the summary 
RRs comparing the highest with the lowest categories of 
the MedDiet score were 0.84 (95% CI 0.80–0.88) for all 
studies, 0.84 (95% CI 0.80–0.88) for studies from non-Med-
iterranean regions, and 0.74 (95% CI 0.60–0.92) for studies 
from the Mediterranean regions (Supplemental Figure 2). 
The summary estimates for total, ischemic or hemorrhagic 
stroke were not sensitive to any single study included in the 
respective analyses (data not shown).

Publication bias

Both Egger (P = 0.004) and Begg tests (P = 0.01) suggested 
possible publication bias for the dose–response meta-anal-
ysis of the MedDiet and risk of stroke. Visual inspection 
of funnel plots also suggested asymmetry (Supplemental 

Figure 3). However, publication bias was less evident when 
limiting to the 14 studies without potentially serious risk of 
bias (PEgger = 0.28; PBegg = 0.13) (Supplemental Figure 3).

Discussion

In this meta-analysis of 20 published and unpublished pro-
spective studies that included over 16,000 stroke cases, 
adherence to the MedDiet was significantly associated with 
a lower risk of stroke. Each 4-point increment in the Med-
Diet score, approximately the difference between the lowest 
and the highest quintiles of the score in the included studies, 
was associated with 16% lower risk of stroke, with similar 
risk reductions observed for ischemic stroke and hemor-
rhagic stroke. The inverse association between the MedDiet 
score and risk of stroke did not differ substantially by ver-
sion of the score and was not affected by the varying defini-
tion of moderate drinking across studies. The MedDiet was 

Fig. 2   Meta-analysis of the Mediterranean diet score (each 4-point 
increment) and risk of stroke for the studies of Mediterranean and 
non-Mediterranean populations. SCHS, Singapore Chinese Health 

Study; SUN, Seguimiento Universidad de Navarra (University of 
Navarra follow-up). “±” indicates moderate risk of bias, and “+” 
indicates serious risk of bias (see Supplemental Table 9)
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associated with a lower risk of stroke in both Mediterranean 
and non-Mediterranean populations.

Several previous meta-analyses [7, 9, 11–13] have exam-
ined the association between the MedDiet and risk of stroke. 
Although all of them reported a significant inverse associa-
tion, only six or fewer prospective studies were included in 
any single analysis, and all but one [13] have been unable to 
investigate the association by stroke subtype and by version 
of the MedDiet index. In one of the most recent meta-anal-
ysis by Rosato et al. [13], the MedDiet was associated with 
lower risk of ischemic (five studies) but not hemorrhagic 
stroke (four studies), and only the Trichopoulou et al’s index 
(four studies) was associated with lower stroke risk. Of the 
six studies included in the Rosato et al’s analyses of total 
stroke, one [47] was a hospital-based case–control study 
prone to recall and selection bias, and another [48] evalu-
ated changes in MedDiet scores rather than absolute values 
of the score. Thus, the combined results from this previous 
meta-analysis need to be cautiously interpreted.

In our meta-analysis, the inverse association between 
the MedDiet and stroke risk appeared somewhat stronger 
in Mediterranean than in non-Mediterranean studies. While 
this regional difference in association was not significant, 
the number of cases in the Mediterranean studies was small, 

and it remains possible that certain unique dietary compo-
nent such as olive oil contributed to the potentially addi-
tional protection of the MedDiet on stroke in Mediterranean 
populations [49, 50]. It is also possible that serving sizes of 
typical foods of the MedDiet (e.g. fruit, salads, vegetables, 
nuts, and olive oil) are larger such that each unit increment 
of the MedDiet score is associated with larger difference in 
the consumption of these foods in Mediterranean regions 
than in non-Mediterranean regions.

Our findings showed that both Trichopoulou et  al’s 
and Fung et al’s MedDiet indices were associated with a 
lower risk of stroke. This consistency in results is plausible 
because both indices encompass key dietary components 
that may lower stroke risk, for example higher consump-
tion of fruit, vegetables, nuts and fish, lower consumption of 
meat products (in particular red meat and processed meat), 
and avoidance of excessive drinking [51, 52]. As a result, 
a higher score of both indices was associated with a diet 
abundant in dietary fiber, B-group vitamins, carotenoids, 
flavonoids and minerals (e.g. magnesium and potassium), 
and low in heme iron and trans-fat, all of which may contrib-
ute to the reduction of stroke, independently or jointly [53, 
54]. Although the MedDiet is not a sodium-lowering diet, 
adhering to this diet is also likely to result in a reduction of 

Fig. 3   Meta-analysis of the Mediterranean diet score (each 4-point increment) and risk of ischemic and hemorrhagic stroke. SCHS, Singapore 
Chinese Health Study. “±” indicates moderate risk of bias, and “+” indicates serious risk of bias (see Supplemental Table 9)
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Table 2   Subgroup analysis 
for the meta-analysis of the 
Mediterranean diet score 
(4-point increment) and stroke 
risk

The bold P values indicate that there were  significant differences in the association between the subgroup 
populations
CVD cardiovascular disease, MedDiet Mediterranean diet, NA not applicable, P-het P value for heteroge-
neity test, P-differ P value for difference by meta-regression, ROBINS-I Risk Of Bias In Non-randomized 
Studies-of Interventions, – reference group
a Mean age at baseline. One study was excluded because age information was not reported
b Mediterranean region includes Italy, Greece and Spain; Other Europe indicates other non-Mediterranean 
region in Europe. One study included participants from both regions were not included in this analysis
c Both Trichopoulou et al. and Fung et al. included moderate drinking and higher intakes of fruit, vegeta-

No. of studies No. of cases RR (95% CI) P-het I2 (%) P-differ

Baseline age (years)a

< 65 15 15,274 0.86 (0.83–0.90) 0.54 0 –
≥ 65 4 1057 0.75 (0.63–0.89) 0.34 11.1 0.13
Sex
Men 3 1959 0.74 (0.62–0.89) 0.27 23.5 –
Women 7 8882 0.84 (0.78–0.90) 0.26 22.3 0.29
Duration (years)
< 10 8 1466 0.76 (0.67–0.86) 0.40 4.4 –
10 to < 15 5 2864 0.80 (0.72–0.88) 0.47 0 0.56
 ≥ 15 7 12,409 0.87 (0.83–0.91) 0.57 0 0.06
No. of cases
 < 200 9 1171 0.77 (0.67–0.88) 0.46 0 –
200 to < 500 4 1573 0.78 (0.66–0.92) 0.23 30.4 0.97
 ≥ 500 7 13,995 0.87 (0.83–0.90) 0.62 0 0.12
Outcome
Fatal 8 6114 0.86 (0.80–0.92) 0.92 0.0 –
Non-fatal 1 1480 0.89 (0.77–1.03) NA NA NA
Fatal and non-fatal 17 11,669 0.83 (0.79–0.88) 0.19 22.7 0.74
Serious risk of bias (ROBINS-I)
No (total stroke) 14 15,002 0.87 (0.83–0.90) 0.88 0 –
Yes (total stroke) 6 1737 0.70 (0.62–0.80) 0.53 0 0.005
No (ischemic stroke) 6 4966 0.87 (0.82–0.93) 0.62 0 –
Yes (ischemic stroke) 3 1664 0.81 (0.71–0.91) 0.62 0 0.32
Regionb

Mediterranean 5 865 0.76 (0.55–0.89) 0.49 0 –
Other Europe 6 4586 0.86 (0.80–0.91) 0.52 0 0.24
US 6 9646 0.87 (0.83–0.92) 0.48 0.0 0.15
Asia 2 1569 0.77 (0.64–0.92) 0.24 28.6 0.85
All non-Mediterranean 14 15,801 0.86 (0.83–0.89) 0.48 0 0.17
Version of the MedDietc

Trichopoulou et al. 13 7863 0.87 (0.83–0.91) 0.58 0 –
Fung et al. 5 8664 0.83 (0.78–0.89) 0.41 0 0.34
Other 2 212 0.49 (0.31–0.76) 0.66 0 0.07
Definition of moderate drinkingd

Definition (A) 8 3321 0.84 (0.77–0.92) 0.36 9.0 –
Definition (B) 5 8664 0.83 (0.78–0.89) 0.41 0 0.61
Other 7 4754 0.82 (0.72–0.92) 0.17 34.1 0.96
Excluding other major CVD
No 4 9287 0.88 (0.84–0.92) 0.72 0 –
Yes 16 7452 0.80 (0.75–0.85) 0.48 0 0.03
Adjustment for potential mediatorse

No 5 2665 0.85 (0.77–0.95) 0.91 0.0 –
Yes 15 14,074 0.83 (0.78–0.88) 0.12 31.6 0.83
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dietary sodium because of the lower consumption of pro-
cessed foods.

We observed similar associations for ischemic stroke and 
hemorrhagic stroke. For most components of the MedDiet, 
the associations with hemorrhagic stroke have been investi-
gated less and evidence is less conclusive as compared with 
the associations with ischemic stroke [53, 54], which might 
be partly due to the much lower incidence of hemorrhagic 
stroke in most populations [2]. In a large case–control study 
[5] that included 2337 new-onset ischemic stroke and 663 
intracerebral hemorrhagic stroke cases from 22 countries 
worldwide, a higher score of an “unhealthy cardiovascular 
diet” (defined by higher consumption of meat, salty snacks 
and fried foods, and lower consumption of fruit and green 
leafy, cooked or raw vegetables) was associated with higher 
risk of both types of stroke. Results from a national analy-
sis of the US population suggested that suboptimal diets 
were associated with a large proportion of deaths from both 
ischemic stroke (44.5%) and hemorrhagic stroke (60.9%) in 
2012 [6]. In our meta-analysis, seven of the eight studies on 
the MedDiet and risk of hemorrhagic stroke showed inverse 
associations, but no any single association was statistically 
significant. However, our combined analysis included over 
2000 hemorrhagic stroke cases and therefore had sufficient 
statistical power to detect a moderate association between 
the MedDiet and risk of hemorrhagic stroke.

Our findings are in agreement with results from human 
intervention trials evaluating the cardiovascular effects of 
the MedDiet. In the large Spanish PREDIMED (Preven-
cion con Dieta Mediterranea) trial of high-risk population 
free of CVD [10], long-term intervention with the MedDiet 
(median: 4.8 years), combined with mixed nuts or extra-
virgin olive oil, substantially reduced risk of stroke by ~ 40% 
as compared with a low-fat diet. Accumulating evidence 
from randomized controlled trials shows that the MedDiet 
intervention resulted in reduced body weight, blood pres-
sure and plasma glucose, and improved lipid profiles such as 
decreased LDL cholesterol and increased HDL cholesterol 
[55–58]. Of note is that in our meta-analysis, estimates of 
association were adjusted for indices of adiposity in most of 
the included studies, and the combined estimates were simi-
lar after restricting to studies with adjustment for potential 
mediators (blood lipids and blood pressure). These results 
suggest that other mechanisms may be involved in the link 

between MedDiet and stroke, such as protection against 
inflammation, oxidative stress, platelet aggregation and 
endothelial dysfunction, and favorable alternation of gut 
microbiota-derived metabolites affecting cardiovascular 
health [59, 60].

Our meta-analysis presents several strengths, including 
the collection of both published and unpublished prospective 
studies from North American, Europe and Eastern Asia, the 
large number stroke (and subtype-specific stroke) cases, and 
the comprehensive assessment of the potential influences of 
important methodological characteristics (e.g. version of the 
MedDiet index) on the examined association.

Several limitations also merit discussion. First, our meta-
analysis of observational studies is subject to residual con-
founding. However, in most primary studies, results were 
adjusted for socio-demographic and other lifestyle factors. 
The consistency in findings across cohorts of diverse regions 
and concordance between our findings and those from the 
PREDIMED trial and trials of intermediate outcomes sug-
gest that residual confounding is not fully responsible for 
the observed inverse association between the MedDiet and 
stroke risk. Second, diet information was mostly recorded 
using food frequency questionnaires in the primary studies, 
and in all except for one study [19] the dietary score was cal-
culated from a single measurement of dietary habits. Third, 
we were unable to further investigate the impact of the 
MedDiet on subtypes of ischemic stroke (e.g. large-artery, 
small-vessel, and cardioembolic stroke) and hemorrhagic 
stroke (e.g. intracerebral and subarachnoid hemorrhage). 
Given the heterogeneous etiologies for these specific types 
of stroke [61, 62], future studies with more detailed diag-
nostic information are warranted. Finally, there was evidence 
of a possible publication bias. Notwithstanding, our meta-
analysis included published full reports, conference abstracts 
and also unpublished cohorts, and the combined result from 
larger studies (> 500 cases) was comparable to the overall 
result of the meta-analysis. Furthermore, when consider-
ing only studies that did not have potentially serious risk of 
bias, the combined results were essentially unchanged, but 
publication bias was less evident.

The morbidity and mortality of stroke is increasing in 
many countries worldwide, highlighting the urgent need 
for effective prevention strategies [1]. Results of our meta-
analysis showed that adhering to the Mediterranean diet, 

bles, nut, legume and fish as beneficial components, while in a few cases two of these components were 
combined as one. The major characteristics for distinguishing the two versions were that Trichopoulou 
et al. used total cereals as a beneficial component and total meat and total dairy as detrimental components, 
whereas Fung et al. included whole grain and red and processed meat, and excluded the dairy item
d For definition (A), moderate drinking was defined as alcohol consumption of 5-25  g/day in women 
and 10-50 g/day in men; for definition (B), moderate drinking was defined as 5–10 g/day in women and 
10–25 g/day in men
e Adjustment for either blood pressure or blood lipids

Table 2   (continued)
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a relatively simple eating pattern featuring abundant mini-
mally processed plant foods, low consumption of red and 
processed meat and moderate alcohol consumption, was 
associated with lower risk of stroke in both Mediterranean 
and non-Mediterranean populations, and for both ischemic 
stroke and hemorrhagic stroke. These findings support the 
promotion of the Mediterranean diet as an important dietary 
approach for the global prevention of stroke.
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