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Abstract 

Cardiovascular disease (CVD) morbidity and mortality is increasing, representing an 

important public health issue worldwide. It is well-known that risk of CVD is 

substantially influenced by lifestyle, including poor diet, tobacco smoking and physical 

inactivity. In the last years, the so-called Mediterranean Diet (MedDiet) has been 

associated with broad healthy benefits on human health, including protection against 

CVD. The present narrative review aimed to summarize and discuss the evidence from 

meta-analyses of epidemiological and clinical trials analyzing MedDiet and CVD risk. 

The MedDiet is one of the best dietary patterns analyzed in relation to CVD risk and other 

health outcomes. Studies demonstrated that MedDiet has beneficial effects in the 

prevention of total and specific types of CVD, albeit a moderate-high degree of 

inconsistency has been reported and few studies have been included in most of the meta-

analyses. As consequence, more high-quality prospective cohorts and randomized clinical 

trials are warranted in order to increase the confidence in the effect estimates.    

  



 

Cardiovascular (CV) diseases (CVDs) are considered the predominant cause of mortality 

worldwide, accounting for a 31% of all global deaths in 2015 (1). Evidence so far suggests 

that CVDs are in highly measure preventable by tackling their well-known risk factors, 

such as increased blood pressure (BP) and plasma cholesterol levels, diabetes mellitus 

control, obesity, and unhealthy lifestyle (2). In this regard, epidemiological and 

randomized clinical trials (RCTs) have shown that changes in lifestyle, including a 

healthy dietary pattern, should be promoted for CVDs prevention (3). The so-called 

Mediterranean Diet (MedDiet), is one of the dietary patterns that has been in the spotlight 

of research during the last decades due to its broad healthy reported benefits. The purpose 

of the present review is to summarize the key findings from meta-analyses of 

epidemiological and clinical trials, regarding MedDiet and CVDs and its specific risk 

factors. 

Mediterranean Diet: a Historical Perspective 

The MedDiet refers to the traditional dietary pattern characteristic of populations 

bordering the Mediterranean Sea in the sixties. The term appeared in the mid of the last 

century with the pioneering landmark 7 countries study, conducted by Ancel Keys, which 

compared the dietary habits from different countries (United States, Japan, Finland, 

Netherlands, former Yugoslavia, Greece and Italy) in relation to the CVDs risk (4). The 

results showed a lower coronary heart disease (CHD) mortality rate in the Mediterranean 

countries. These findings were mainly explained by the low consumption of saturated 

fatty acids (SFAs) of these Mediterranean populations (5). Over the years, the definition 

of the MedDiet has changed from the original proposed by Keys. Nowadays, it can be 

described as a dietary pattern characterized by: a) olive oil as the main source of dietary 

fat; b) high intake of plant foods (vegetables, fruits, whole cereals, potatoes, legumes, 



nuts and seeds); c) low to moderate amounts of animal foods (dairy products, fish, poultry, 

red meat and eggs); and d) wine in moderation within meals (6). Although this definition 

is broadly accepted, it is noteworthy that the MedDiet has variants depending on the 

characteristics of each Mediterranean population, which actually makes difficult to 

stablish a unique universal definition. Despite this limitation, different approaches to 

assess the adherence to this traditional dietary pattern, including a priori and a posteriori 

scores or even screener questionnaires, have been proposed based on the aforementioned 

definition. In epidemiological settings, the a priori score is the most-used method. The 

discussion of these different scores is out of the scope of the present review, and has been 

systematically and critically evaluated in detail elsewhere (7). 

Mediterranean Diet and CVD Risk Factors 

Several epidemiological and clinical trials have assessed the effect of MedDiet on 

recognized CVD risk factors, the findings of which have been summarized in different 

meta-analyses. The results from the most recent (Table 1), suggest that MedDiet 

adherence is not only inversely associated with the risk of diabetes (8) and metabolic 

syndrome (9) incidence, but also has beneficial effects on BP (10), triglycerides (10), low-

density lipoprotein cholesterol (LDL-C) (11) and body weight (12). However, it is 

noteworthy that overall, a high degree of inconsistency in the results across studies was 

evident (I2 ranging from 26% to 99.42%), which reduces the confidence in the effect 

estimates.   

Mediterranean Diet and CVD Risk and Mortality  

After the Keys et al., observation in relation to MedDiet and CVDs, many researchers 

have centered their efforts to study this association. Most of the scientific evidence comes 

from prospective cohort studies, while few randomized controlled trials (RCTS) have 

been conducted in this field. Importantly, several meta-analyses have summarized these 



findings (Figure 1 and Figure 2), thereby providing the highest level of evidence in this 

topic.  

Total CVD 

Total CVD risk in relation with MedDiet adherence has been extensively investigated in 

the last years, which is reflected in the publication of seven meta-analyses of 

observational studies (13–19) since 2008. Overall, the results are in the same line 

demonstrating an inverse association between adherence to the MedDiet and the risk of 

total CVD. In the most recent meta-analysis of 11 prospective cohort studies (18), a 19% 

lower risk of total CVD was reported comparing highest versus lowest categories of 

adherence to the MedDiet (RR: 0.81; 95%CI: 0.74-0.88; I2 = 79.9%). However, this meta-

analysis did not include those studies evaluating only the association between the 

MedDiet and CHD or stroke risk because they were analyzed separately as specific 

outcomes. Nonetheless, these results were in line with a previous meta-analysis 

conducted by Grosso et al, that pooled 30 studies (also including those that had as 

outcome only fatal and/or non-fatal CHD and stroke), showing a 29% lower risk of total 

CVD comparing highest versus lowest adherence to the MedDiet (RR: 0.71; 95%CI: 0.65, 

0.78; I2 = 78%) (17). Recently, a cumulative meta-analysis of prospective cohort studies 

and RCTs reported a strong inverse association between adherence to the MedDiet and 

risk of mortality from, or incidence of cardiovascular disease (RR: 0.89; 95%CI: 0.86, 

0.91; I2 = 75.9%)(19). Although evidence so far from all the meta-analyses supports a 

beneficial association between MedDiet adherence and the risk of total CVD, it is 

noteworthy that the inter-study heterogeneity is moderate to high, ranging from 32.6% to 

79.9% (Figure 1), which relatively reduces the overall confidence in the effect estimates. 

This heterogeneity could be explained by the inclusion in the meta-analyses of studies 

with diverse CVD outcomes. Instead of encompass only those studies evaluating a cluster 



of different types of CVD events incidence and mortality, authors included in the meta-

analyses a mix of studies analyzing either cause-specific CVD incidence (e.g. only CHD), 

or a combination of different types of CVD events incidence, or cause-specific CVD 

mortality (e.g. only fatal CHD), or a combination of different CVD mortality causes, or a 

composite of CVD incidence and mortality. Therefore a homogeneous definition of total 

CVD across meta-analyses would be imperative to reduce the heterogeneity between 

studies and make the results comparable.  

CVD Incidence 

Four meta-analyses (one of prospective cohort studies and 3 of clinical trials) have 

analyzed MedDiet and CVD incidence. Results from the observational studies meta-

analysis (Figure 1) revealed a 27% lower risk of CVD incidence after comparing highest 

versus lowest categories of adherence to the MedDiet, with a lower to moderate inter-

study heterogeneity (I2 = 36%) (17). These results are in line with those from meta-

analyses of clinical trials (Figure 2). In the most recent meta-analysis (17) including 4 

clinical trials, results revealed that MedDiet reduced the risk of CVD incidence by a 45%, 

with a substantial inter-study heterogeneity (I2 = 68%). However, it is important to 

highlight that the analysis included the GOSPEL study (20), which actually did not 

evaluate the MedDiet solely, because the intervention also included smoking cessation, 

physical activity promotion and stress management. Moreover, authors also included the 

Indo-Mediterranean Diet Heart trial, a study with low reliability due to concerns about 

the integrity of its data (21), which could affect the magnitude of the effect estimates 

because it contributes to a 25.5% of the total weight. Importantly, no sensitivity analysis 

excluding this study was performed. However, the results were consistent with those from 

a previous meta-analysis conducted by Liyanage et al., (22) where the GOSPEL study 

was not included and where the removing of the Indo-Mediterranean Diet Heart study 



from the main analysis did not change the direction of the effect (RR: 0.69; 95%CI: 0.55, 

0.86). 

CVD Mortality 

As far as we know one meta-analysis of prospective studies and two of clinical trials have 

evaluated the association between the MedDiet adherence and the risk of CVD mortality 

(17,22). The meta-analysis of epidemiological studies (17) included 16 comparisons and 

a 25% lower risk of CVD mortality was reported when comparing highest versus lowest 

categories of MedDiet adherence, with a high degree of inter-study heterogeneity (I2 = 

75%). These results are in line with those from the most recent meta-analysis of RCTs, 

where MedDiet interventions decreased CVD mortality risk by 41% after pooling 

findings from 4 RCTs (including the Indo-Mediterranean Diet Heart study (21) and the 

GOSPEL study (20)). However, a previous meta-analysis of RCTs (22) that did not 

include the GOSPEL study, revealed that MedDiet had not effect on CVD mortality 

compared to control diets (RR: 0.90; 95%CI: 0.72, 1.11) and, the results remained 

unchanged even after the exclusion of Singh et al., trial (22). However, a RCT in which 

the dietary intervention do not followed the actual definition of MedDiet (23) was 

included in this meta-analysis. Importantly, no sensitivity analysis was performed 

excluding this study, which represented a 42.8% of the total weight of the analysis, and 

could affect the direction and magnitude of the effect estimates because, although non-

significant, the intervention group had a trend toward higher risk of CVD mortality 

compared to the control group. 

CHD 

Three meta-analyses have been published up-to-date evaluating the association between 

MedDiet and risk of CHD. Results from meta-analyses of observational studies (17,18) 

are consistent, showing a lower risk of CHD ranging from 28% to 30%, even taking into 



account that one of them mixed results from cross-sectional and prospective studies (18). 

These findings are in line with those from a meta-analysis of RCTs, which demonstrated 

that the MedDiet reduced the risk of CHD by a 35% compared to control diets (22). It is 

noteworthy, that the exclusion of the Indo-Mediterranean Diet Heart study modified the 

effect estimates, becoming non-significant (RR: 0.73; 95%CI: 0.51, 1.05). Therefore, 

results regarding CHD should be interpreted with caution. 

Stroke 

Three meta-analyses of observational studies (17,18,24) and two of RCTs (17,22) have 

investigated the association between MedDiet adherence and the risk of stroke, reporting 

a beneficial effect on this specific type of CVD. Although meta-analyses of observational 

studies are heterogeneous in terms of the study design (Figure 1), results are consistent, 

showing a ~30% lower risk of stroke when comparing highest versus lowest categories 

of adherence to MedDiet, with a degree of inter-study heterogeneity ranging from 46.1% 

to 69.1%. These results have been confirmed by meta-analyses of clinical trials (Figure 

2), albeit few and different studies were included in both analyses. According to the 

pooled effect estimates, MedDiet reduced the risk of stroke by a ~35%.  

Myocardial Infarction(MI) 

One meta-analysis of three prospective cohort studies assessed the relationship between 

MedDiet adherence and MI risk (17). An inverse association was reported between 

myocardial infarction and higher categories of MedDiet adherence compared to lower 

categories (RR: 0.67; 95%CI: 0.54, 0.83). These results were consistent with those from 

another meta-analysis of three clinical trials assessing the effect of the MedDiet on stroke 

risk (17). MedDiet, compared with control diets, reduced the risk of MI by a 40%, with a 

good consistency across the included studies (I2 = 26%). Nonetheless, the analysis 



included the Indo-Mediterranean Heart study (21) and the GOSPEL study (20), which 

decreases the confidence in the effect estimates.  

Heart Failure (HF) 

A meta-analysis of prospective cohort studies (25) reported that higher adherence to the 

MedDiet compared to a lower adherence was associated with 8% lower risk of HF, with 

no evidence of inter-study heterogeneity (I2 = 0%). These results are in line with those 

from a meta-analysis of two RCTs, where the results showed that the MedDiet reduced 

the risk of HF by 70% (22). It is important to point out that the analysis included the Indo-

Mediterranean Diet Heart study, and therefore the confidence in the estimates of effect is 

low.  

Potential Mechanisms Implicated in CVD Prevention 

In last decades, several studies have tried to identify potential mechanisms explaining the 

benefits of the MedDiet on CVD. In this sense, its high fiber content, the specific lipid 

profile (rich in monounsaturated fatty acids and polyunsaturated fatty acids) and its 

richness in other components such as polyphenols, with recognized antioxidant and anti-

inflammatory properties, have been proposed as the main actors in the protection against 

CVD (10,26,27) through the modulation of its surrogates such as blood pressure, lipid 

profile, body weight and fasting blood glucose (Figure 3). It is recognized that the 

beneficial effects of the MedDiet can only be explained by the synergy between all the 

nutrient components included that can attenuate or exacerbate the deleterious or 

beneficial effects respectively produced by a single nutrient.     

For example, legumes, nuts, fruits and vegetables are food sources of fiber, which 

contributes to improve CV health through the control of body weight and the long-term 

weight loss maintenance by lowering energy intake and triggering satiety cues (28). 

Moreover, fiber contributes to down-lowering cholesterol as demonstrated in a meta-



analysis of RCTs in which a 2-10 g/day increase in soluble fiber resulted in a significant 

decreases in LDL-C (29).  

The abundance of plant-based foods and the moderate presence of animal products, favors 

a low saturated fat and high unsaturated fat content, which would contribute to improve 

the cardiometabolic risk factors by lowering LDL-C levels and ameliorating the oxidative 

stress and inflammation by limited content of heme groups that are related to oxidative 

reactions which damaged proteins and cell membrane lipids (27,30,31).  

Some key foods of the Mediterranean diet, such as nuts, vegetables, fruits, olive oil and 

wine, are especially rich in antioxidant and anti-inflammatory components. Its 

consumption has been broadly associated with an improvement of several inflammatory 

and oxidant biomarkers (32–34).  In this sense, some in vitro studies have shown that 

polyphenols such as resveratrol or hydroxytyrosol, exerts anti-oxidant and anti-

inflammatory effects by scavenging and neutralizing free oxygen and nitrogen species, 

inhibiting platelet aggregation, reducing vascular inflammation and apoptotic processes, 

or protecting LDL against oxidation mediated by peroxynitrites (31,35,36).  

The MedDiet is also rich in several vitamins (mainly E and C) and minerals (magnesium, 

and potassium), which have been associated with reductions in blood pressure, markers 

of inflammation and oxidation, and with improvements in endothelial function and insulin 

sensitivity (37–41). 

Finally, MedDiet because of its richness in legumes, nuts, fruits and vegetables could 

modulate gut microbiota and influence the production of metabolites thereof, affecting 

CVD risk. For instance, it has been reported that adherence to the MedDiet is associated 

with an increase fecal short chain fatty acids (SCFA) levels and reduced levels of urinary 

trimethylamine–N-oxide (TMAO) (42). SFCA could protect against CVD because it has 

been reported that increase fatty acid oxidation, and decrease in the liver the novo fatty 



acid synthesis and plasma glucose and cholesterol levels (43). Contrary, TMAO has been 

associated to a higher risk of CVD. Despite mechanisms are not well understood, TMAO 

seems to directly influence macrophages to accumulate cholesterol and form foam cells 

and also contributes to modifies cholesterol and sterol metabolism (44). 

Conclusion  

The MedDiet is probably one of the best-studied dietary patterns in relation to CVDs 

prevention, which is reflected in the large amount of meta-analyses published in this field. 

As illustrated in the present review, it has been proven by several meta-analyses that 

MedDiet exerts a beneficial role in CVD prevention. However, the moderate to high inter-

study heterogeneity observed across most of the different types of CVD outcomes and 

the inclusion of few studies in some of the meta-analyses, confirms the need for more 

high-quality prospective cohorts and RCTs to provide more reliable results from which 

evidence-based recommendations could be drawn. Although MedDiet is the dietary 

pattern with more scientific evidence in terms of CVD prevention, future RCTs 

demonstrating that MedDiet could be achievable in other non-Mediterranean countries 

are warranted in order to demonstrate the transferability of the MedDiet 

recommendations. 
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Table 1. Summary of the most recent meta-analyses of prospective cohorts studies and 
randomized clinical trials on Mediterranean diet and cardiovascular risk factors* 

*Meta-analyses including studies conducted in specific populations (e.g. only diabetic 
patients) were not considered. 
 

Outcome Effect size Number 
of studies 

Pooled effect size 
and 95%CI 

I2 (%) 

Meta-analyses of cohort studies 

Diabetes (8) Relative risk 6 0.87 (0.82, 0.93) 26.0 
Metabolic syndrome (9) Relative risk 4 0.73 (0.54, 0.98) 69.0 

Meta-analyses of randomized clinical trials 

Fating blood glucose (10) Mean 
difference 

23 -0.50 (-0.81, -0.20) 96.7 

Systolic blood pressure (10) Mean 
difference 

25 -0.72 (-1.03, -0.42) 97.0 

Diastolic blood pressure (10) Mean 
difference 

25 -0.94 (-1.45, -0.44) 99.4 

HDL-c (10) Mean 
difference 

27 0.19 (-0.07, 0.46) 94.0 

Triglycerides (10) Mean 
difference 

25 -0.46 (-0.72, -0.21) 93.7 

LDL-c (11) Mean 
difference 

6 -0.07 (-0.13, -0.01) 22.0 

Waist circumference(10) Mean 
difference 

39 -0.54 (0.77, -0.31) 96.4 

Body weight (12) Mean 
difference 

19 -1.75 (-2.86, -0.64) 94.9 



Figure 1. Summary of meta-analyses of observational studies on Mediterranean Diet adherence and cardiovascular disease outcomes. 

 
¥Includes a mix of studies analyzing either: a) cause-specific cardiovascular disease event incidence (e.g. only coronary heart disease); or b) a combination of different types of 
cardiovascular disease events incidence; or c) a cause-specific cardiovascular disease mortality (e.g. only fatal coronary heart disease); or d) a combination of different cardiovascular 
disease mortality causes; or e) a composite of incidence and mortality from cardiovascular disease. 
§Includes studies analyzing either: a) cause-specific cardiovascular disease event incidence (e.g. coronary heart disease); or b) a combination of different types of cardiovascular disease 
events incidence; or c) a composite of incidence and mortality from cardiovascular disease. 

CVD outcomes No. of studies Pooled RR [95% CI] Residual I2 [%]

Total CVD¥

Sofi et al 2008 (12) 4 0.91 [0.87, 0.95] 32.6

Sofi et al 2010 (13) 8 0.90 [0.87, 0.93] 35

Sofi et al 2013 (14) 20 0.90 [0.87, 0.92] 38

Martínez-González et al 2014 (15) 16 0.90 [0.86, 0.94] 77.5

Grosso et al 2017 (16) 30 0.71 [0.65, 0.78] 78

Rosato et al 2017 (17) 11 0.81 [0.74, 0.88] 79.9

CVD incidence§

Grosso et al 2017 (16) 14 0.73 [0.66, 0.80] 36

CVD mortality*

Grosso et al 2017 (16) 16 0.75 [0.68, 0.83] 75

Coronary heart disease

Grosso et al 2017 (16) 4 0.72 [0.60, 0.86] NA

Rosato et al 2017† (17) 11 0.70 [0.62, 0.80] 44.5

Stroke

Psaltopoulou et al 2013‡  (23) 12 0.71 [0.57, 0.89] 69.1

Grosso et al 2017 (16) 5 0.76 [0.60, 0.96] 52

Rosato et al 2017† (17) 6 0.73 [0.59, 0.91] 46.1

Mycoardial infarction 

Grosso et al 2017 (16) 3 0.67 [0.54, 0.83] NA

Heart failure

Papadaki et al 2017 (24) 3 0.92 [0.90, 0.95] 0

RR and 95%CI

0.5 0.75 1 1.25
Benefit Harm



*Includes studies analyzing either: a) cause-specific cardiovascular disease mortality (e.g. fatal coronary heart disease); or b) a combination of different cardiovascular disease mortality 
causes. 
All meta-analyses included only prospective cohort studies, unless otherwise indicated. 
†Includes prospective and cross-sectional studies 
‡Includes prospective and case-control studies  
Abbreviations: CVD, cardiovascular disease; RR, Relative Risk; NA, non-available. 
  



Figure 2. Summary of meta-analyses of clinical trials on Mediterranean Diet adherence and cardiovascular disease outcomes 

 
§Includes studies analyzing a composite of incidence of and mortality from cardiovascular disease 
*Includes studies analyzing a combination of different cardiovascular disease mortality causes. 
Abbreviations: CVD, cardiovascular disease; RR, Relative Risk; NA, non-available. 
 

CVD outcomes No. of Trials Pooled RR [95% CI] Residual I2 [%]

CVD incidence¥

Martínez-González et al 2014 (15) 2 0.64 [0.53, 0.79] 54.5

Liyanage et al 2016 (21) 3 0.63 [0.53, 0.75] NA

Grosso et al 2017 (16) 4 0.55 [0.39, 0.76] 68

CVD mortality§

Liyanage et al 2016 (21) 4 0.90 [0.72, 1.11] NA

Grosso et al 2017 (16) 4 0.59 [0.38, 0.93] 75

Coronary heart disease

Liyanage et al 2016 (21) 3 0.65 [0.50, 0.85] NA

Stroke

Liyanage et al 2016 (21) 3 0.65 [0.48, 0.88] NA

Grosso et al 2017 (16) 2 0.64 [0.47, 0.86] 0

Mycoardial infarction 

Grosso et al 2017 (16) 3 0.60 [0.44, 0.82] 26

Heart failure

Liyanage et al 2016 (21) 2 0.30 [0.17, 0.56] NA

RR and 95%CI

0 0.25 0.5 0.75 1 1.25

Benefit Harm



Figure 3. Potential mechanisms by which Mediterranean diet could protect 
against cardiovascular disease 

Abbreviations: MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated 
fatty acids; SCFA, short-chain fatty acids; TMAO, Trimethylamine N-oxide. 
 
In this figure we represent in the upper part some Mediterranean diet 
nutrients implicated in the beneficial effects of this dietary pattern on 
cardiovascular disease. Most of these nutrients are present especially in plant-
based diets and act synergistically. Mediterranean diet also refrains from 
animal nutrient sources and is low in processed food rich in salt, saturated and 
trans fatty acids, sugar, iron and other nutrients that have demonstrated 
detrimental effects on the mechanisms implicated in the atherogenesis 
processes (some of them represented in the bottom part of the figure).  


