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ABSTRACT
Background Dietary modification is a cornerstone 
of cardiovascular disease (CVD) prevention. A 
Mediterranean diet has been associated with a lower risk 
of CVD but no systematic reviews have evaluated this 
relationship specifically in women.
Objective To determine the association between higher 
versus lower adherence to a Mediterranean diet and 
incident CVD and total mortality in women.
Methods A systematic search of Medline, Embase, 
CINAHL, Scopus, and Web of Science (2003–21) was 
performed. Randomised controlled trials and prospective 
cohort studies with participants without previous CVD 
were included. Studies were eligible if they reported a 
Mediterranean diet score and comprised either all female 
participants or stratified outcomes by sex. The primary 
outcome was CVD and/or total mortality. A random 
effects meta- analysis was conducted to calculate pooled 
hazard ratios (HRs) and confidence intervals (CIs).
Results Sixteen prospective cohort studies were 
included in the meta- analysis (n=7 22 495 female 
participants). In women, higher adherence to a 
Mediterranean diet was associated with a lower CVD 
incidence (HR 0.76, 95% CI 0.72 to 0.81; I2=39%, p test 
for heterogeneity=0.07), total mortality (HR 0.77, 95% 
CI 0.74 to 0.80; I2=21%, p test for heterogeneity=0.28), 
and coronary heart disease (HR 0.75, 95% CI 0.65 
to 0.87; I2=21%, p test for heterogeneity=0.28). 
Stroke incidence was lower in women with higher 
Mediterranean diet adherence (HR 0.87, 95% CI 0.76 
to 1.01; I2=0%, p test for heterogeneity=0.89), but this 
result was not statistically significant.
Conclusion This study supports a beneficial effect 
of the Mediterranean diet on primary prevention of 
CVD and death in women, and is an important step in 
enabling sex specific guidelines.

INTRODUCTION
Cardiovascular disease (CVD) is the primary cause 
of mortality in women, accounting for ~35% of all 
female deaths globally.1 Due to sex disparities in 
treatment and prognostic outcomes for CVD, there 
have been international calls for sex specific cardio-
vascular research.1 A healthy diet is a major factor in 
CVD prevention. However, most historical cardio-
vascular diet trials have included predominantly 
male participants or did not report sex specific anal-
yses.2 3 Moreover, current prevention guidelines 
lack sex specific recommendations for diet.

The Mediterranean diet has prompted increasing 
interest due to its association with cardiovascular 
protection.4–7 This diet is described as high in 
unprocessed plant foods (wholegrains, vegetables, 
fruit, legumes, nuts, and extra virgin olive oil), 
moderate in fish/shellfish and low in red/processed 
meat, dairy, animal fats, and discretionary foods, 
with low- to- moderate consumption of wine.7 8 
Extra virgin olive oil is preferred as the main source 
of dietary fat due to its high monounsaturated to 
saturated fat ratio.7 Several meta- analyses have 
explored the relationship between the Medi-
terranean diet and incident CVD and death.9–12 
Few have performed sex disaggregated subgroup 
analyses and no meta- analyses have yet looked at 
the effect of a Mediterranean diet specifically in 
women. Individual studies that have performed sex 
specific analyses have been conflicting. Studies have 
reported both a beneficial effect of higher Mediter-
ranean diet adherence on CVD outcomes in women, 
similar to men,13 14 while others have reported a 
benefit only in men.15 16 Individually, these studies 
lack power, with a requirement for meta- analyses to 
demonstrate a more precise measure of treatment 
effect in women. We therefore performed a system-
atic review and meta- analysis to evaluate the effect 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ A Mediterranean diet is a key recommendation 
for primary prevention of cardiovascular disease 
(CVD) and death.

 ⇒ But current dietary advice is not sex specific, 
and many Mediterranean dietary studies lack 
sex disaggregated analyses.

WHAT THIS STUDY ADDS
 ⇒ This is the first meta- analysis focused on the 
association between a Mediterranean diet and 
incident CVD and death, specific to women.

 ⇒ We found that a Mediterranean diet was 
beneficial in women, with a 24% lower risk of 
CVD and a 23% lower risk of total mortality.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study highlights the need to include sex 
specific analysis in research and translate such 
findings into clinical practice guidelines.
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of a Mediterranean diet on incident CVD and total mortality, 
specifically in women.

METHODS
This systematic review was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analysis 
(PRISMA) statement.17 The protocol was registered with PROS-
PERO (CRD42022316706).

Search strategy
A systematic search was conducted in November 2021 and 
updated in November 2022 using Medline, Embase, CINAHL, 
Scopus, and Web of Science. Studies were included if they were 
in the English language and published from 2003 to the present. 
We chose our publication period to align with the Mediter-
ranean diet score (MDS) that was first developed in 1995 by 
Trichopoulo et al18 and later updated in 2003.4 We excluded 
clinical registries and grey literature (eg, conferences, disser-
tations, supplements and unpublished articles). Reference lists 
of relevant studies were also reviewed. The search strategy was 
developed using Boolean operators (AND/OR), medical subject 
headings (MeSH) and truncations. The full search strategy is 
described in online supplemental file 1. Authors of studies that 
did not have available full text were contacted to verify their 
reference and provide a copy.

Study selection criteria
The population included women aged ≥18 years without 
previous clinical or subclinical CVD. We excluded studies that 
did not explicitly indicate if participants were free from CVD 
at baseline. The intervention was higher adherence to the Medi-
terranean diet and the comparator was lower adherence to the 
Mediterranean diet. This was assessed using an a priori MDS. 
The first model was the traditional MDS (tMDS) developed by 
Trichopoulou et al4 to calculate adherence to the Mediterranean 
diet.

To be included in the review, studies must have measured 
Mediterranean diet adherence using the MDS (tMDS or modi-
fied versions). Common adaptations of the tMDS include the 
alternate MDS, relative MDS, and modified MDS.6 15 19 Studies 
that did not use the tMDS or adaptations were only included 
if their definition of the MDS included all key components: 
vegetables, fruits, legumes, nuts, grains/cereals, fish, high intake 
of monounsaturated fats, and meat and meat products. We 
excluded studies that referred to only certain components of 
the Mediterranean diet or had combined the MDS with other 
lifestyle- related factors.

Higher versus lower adherence levels were based on catego-
ries of reported MDS (eg, quintiles, quartiles). Higher Medi-
terranean diet adherence was defined as the highest category 
reporting the highest range of MDS. Lower Mediterranean 
diet adherence was defined as the lowest category reporting the 
lowest range of MDS.

The primary outcomes included incident CVD and total 
mortality. Incident CVD was defined as: coronary heart disease 
(CHD), myocardial infarction, stroke, heart failure, cardiovas-
cular death, major adverse cardiovascular events, major adverse 
cardiac cerebrovascular events and/or patient reported CVD. 
Outcomes must have been reported with risk estimates (ie, 
odds ratio (OR), relative risk (RR) or hazard ratio (HR)) and 
confidence intervals (CI). Secondary outcomes were CHD and 
stroke. Randomised controlled trials (RCTs) and prospective 
cohort studies were included. Studies were included only if they 

had described the appropriate MDS, reported categorical values 
according to adherence level to the Mediterranean diet and if 
they were either female only studies or reported data stratified 
by sex (online supplemental file 2).

Screening and data extraction
Title and abstract screening and full text screening were under-
taken independently by three pairs of investigators (AP and DM, 
AP and RT, AP and SG). Data extraction was conducted by two 
authors: one investigator (AP) conducted the data extraction 
from included studies and another investigator (SG) checked 
for consistency and any discrepancies. The following informa-
tion was extracted: name of first author, year of publication 
and citation; location, study name and study aim; study charac-
teristics (eg, study design, cohort size (number of participants) 
and percentage of women); participant characteristics (eg, sex, 
age, cardiovascular risk factors and menopausal status); study 
duration (period of recruitment and follow- up); details of the 
exposure assessment (range of score and definition of MDS); 
outcome(s) (incident CVD, total mortality and, if reported, inci-
dence of new cardiovascular risk factors); effect measures (eg, 
OR, RR, HR) and covariates included in the final model; and 
interaction effect analysis by sex. If multiple articles were found 
using the same cohort, the most recently published article that 
reported sex specific data and/or other stratified analyses was 
selected. A Microsoft Excel spreadsheet was used to manage and 
store the extracted information.

Study quality was assessed by two reviewers independently 
(AP and SG) using the Cochrane risk of bias tool for RCTs 
(ROB- 1) and the Newcastle- Ottawa Scale (NOS) for cohort 
studies. The Cochrane risk of bias tool assessed the following 
domains: random sequence generation, allocation conceal-
ment, blinding participants and personnel, selective reporting, 
blinding outcome assessors and incomplete outcome data.20 21 
The NOS quality assessment tool for cohort studies included the 
following three domains: selection, outcome and comparability. 
NOS scores were categorised as high quality/low risk of bias 
(7–9 points), moderate quality/medium risk of bias (4–6 points) 
and low quality/high risk of bias (0–3 points).22 Disagreements 
in screening, data extraction and risk of bias were resolved by a 
third investigator (SZ or LL).

Strategy for data synthesis
A narrative synthesis was conducted for all studies using the 
DerSimonian and Laird random effects models to calculate 
summary estimates of HRs.23 All reported risk estimates (HR, RR 
and OR) from included studies were combined for the highest 
adherence compared with the lowest adherence to the Mediter-
ranean diet. The event rate was <12%, which is reasonably low 
for the OR and RR to approximate the HR. Incident CVD or 
total mortality risk estimates were combined to calculate pooled 
HRs and 95% CIs. The combined risk estimates were presented 
using forest plots. Publication bias was evaluated by funnel plots 
and the Duval and Tweedie trim- and- fill method, and then later 
confirmed with Egger’s regression test.24 Heterogeneity across 
studies was assessed using the Q statistic. We used the I2 test to 
investigate the proportion of variance in observed outcomes due 
to variance in the true effects.24 Two sensitivity analyses were 
conducted to assess whether single studies influenced summary 
results by (1) excluding a study one at a time and (2) excluding 
studies with lower quality scores (score of 6).

We performed subgroup analyses according to sex and 
ethnicity. For ethnicity, studies were grouped into European or 
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non- European descent based on study location, country of birth 
or self- assigned ethnicity breakdown. For sex, all women included 
in the systematic review were included in the meta- analysis while 
data for men were retrieved from the included studies that had 
stratified data by sex. All analyses were performed using the 
metafor package from RStudio (V.4.2.0).25

RESULTS
A total of 7173 articles up to November 2022 were identified 
with 3101 duplicates removed. From title and abstract screening, 
3880 articles were excluded and 190 were assessed for full text 
screening. Of these, 16 were included in the meta- analysis, with 
exclusions shown in figure 1.

Description of included studies
The 16 articles were published between 2006 and 2021. All 
included studies were prospective cohort studies and involved a 
total of 722 495 female participants, with a median follow- up of 
12.5 years (IQR 10.4–14.5). The studies were mainly conducted 
in the US (n=6)6 14 26–29 and Europe (n=7).15 16 19 30–33 tMDS was 
used in three studies,30 32 34 10 used derivatives6 13–16 19 27–29 33 
while three studies relied on separate definitions.26 31 35 Of the 

16 articles, two studies reported total mortality as the only 
outcome,32 33 four studies reported both incident CVD and 
total mortality13 14 27 29 and 10 studies reported only incident 
CVD.6 15 16 19 26 28 30 31 34 35 Study characteristics are summarised 
in online supplemental file 3.

The quality assessment results are shown in online supple-
mental file 4. NOS scores ranged from 6 to 8, indicating 
moderate- to- high quality, with six studies of moderate quality/
medium risk of bias6 14 19 26 34 35 and 10 studies of high quality/
low risk of bias.13 15 16 27–33

Outcomes and meta-analysis
From the 14 studies that reported CVD events, the crude CVD 
event rate was 4.02% (27 268 cardiovascular events out of 
678 372 female participants). The meta- analysis demonstrated 
that in female participants, higher Mediterranean diet adherence 
correlated with lower incident CVD and total mortality. For inci-
dent CVD, the pooled HR was 0.76 for the highest versus the 
lowest category of Mediterranean diet adherence (95% CI 0.72 
to 0.81; I2=38.6%, p test for heterogeneity=0.07) (figure 2).

For total mortality based on six studies, the pooled HR was 
0.77 for female participants in the highest versus the lowest 

Figure 1 Flowchart of the included studies; 16 studies were included in the meta- analysis. 1Other sources included search updates from databases 
and reference lists.
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category of Mediterranean diet adherence (95% CI 0.74 to 0.80; 
I2=20.9%, p test for heterogeneity=0.28) (figure 3).

Four studies reported CHD, with pooled HRs of 0.75 
for the highest versus the lowest Mediterranean diet 

adherence (95% CI 0.65 to 0.87; I2=20.9%, p test for 
heterogeneity=0.28). Three studies reported stroke, with no 
significant association between the highest versus the lowest 
Mediterranean diet adherence and risk of stroke (HR 0.87, 

Figure 2 Forest plot of pooled hazard ratios (HRs) in female participants for incident cardiovascular disease (CVD) according to highest versus 
lowest category of Mediterranean diet adherence using the random effects model. Higher adherence to a Mediterranean diet had a favourable effect 
on incident CVD (HR 0.76, 95% CI 0.72 to 0.81; I2=38.6%, p test for heterogeneity=0.07). RE, random effects.

Figure 3 Forest plot of pooled hazard ratios (HRs) in female participants for total mortality according to highest versus lowest category of 
Mediterranean diet adherence using the random effects model. Higher adherence to a Mediterranean diet had a favourable effect on total mortality 
(HR 0.77, 95% CI 0.74 to 0.80; I2=20.9%, p test for heterogeneity=0.28). N/R, not reported; RE, random effects.
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95% CI 0.76 to 1.01; I2=0.0%, p test for heterogeneity=0.89) 
observed.

In subgroup analyses by sex, the pooled HRs for the 
highest versus the lowest Mediterranean diet adherence 
in men was 0.78 for incident CVD (eight studies; 95% CI 
0.72 to 0.83; I2=35.1%, p test for heterogeneity=0.15) 
and 0.77 for total mortality (four studies; 95% CI 0.75 to 
0.79; I2=0.0%, p test for heterogeneity=0.42) (figures 4 

and 5). In subgroup analyses of female participants by 
ethnicity, higher Mediterranean diet adherence was asso-
ciated with incident CVD for both European (five studies; 
HR 0.76, 95% CI 0.59 to 0.98; I2=59.4%, p test for 
heterogeneity=0.04) and non- European descent groups 
(five studies; HR 0.79, 95% CI 0.72 to 0.87; I2=0.0%, p 
test for heterogeneity=0.54) (online supplemental file 5 
figure S1 and S2).

Figure 4 Forest plot of pooled hazard ratios (HRs) in male participants of incident cardiovascular disease (CVD) for highest versus lowest category 
of Mediterranean diet adherence using the random effects model. Higher adherence to a Mediterranean diet had a favourable effect on total mortality 
(HR 0.78, 95% CI 0.72 to 0.83; I2=35.1%, p test for heterogeneity=0.15). RE, random effects.

Figure 5 Forest plot of pooled hazard ratios (HRs) in male participants of total mortality for highest versus lowest category of Mediterranean diet 
adherence using the random effects model. Higher adherence to a Mediterranean diet had a favourable effect on total mortality (HR 0.77, 95% CI 
0.75 to 0.79; I2=0.0%, p test for heterogeneity=0.42). N/R, not reported; RE, random effects.
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The funnel plot indicated signs of publication bias due to 
asymmetry for incident CVD, although it remained symmetric 
for total mortality (online supplemental file 6 figure S3 and S4). 
However, Egger’s test for incident CVD and total mortality were 
0.55 and 0.93, respectively, indicating that there was no publi-
cation bias.

Our sensitivity analysis demonstrated that no single study had 
a material effect on the pooled HRs. Excluding one study at a 
time, the pooled HRs for the highest versus the lowest Mediter-
ranean diet adherence ranged from 0.76 (95% CI 0.72 to 0.80) 
to 0.83 (95% CI 0.70 to 0.98) for incident CVD and from 0.77 
(95% CI 0.75 to 0.80) to 0.77 (95% CI 0.74 to 0.81) for total 
mortality for women. Excluding studies with a lower quality 
score (<6), the pooled HRs for the highest versus the lowest 
Mediterranean diet adherence remained significant for incident 
CVD (HR 0.77, 95% CI 0.69 to 0.87; I2=56.5%, p test for 
heterogeneity=0.02) and total mortality (HR 0.77, 95% CI 0.75 
to 0.80; I2=16.1%, p- test for heterogeneity=0.31).

DISCUSSION
In this meta- analysis of 16 prospective cohort studies, women 
with a high adherence versus a low adherence to a Mediterra-
nean diet had a 24% lower risk of CVD and a 23% lower risk 
of total mortality. To our knowledge, this is the first systematic 
review to examine the association between Mediterranean diet 
adherence and CVD and total mortality specifically in women.

The Mediterranean diet is widely known for its protective 
role against CVD and death.4–6 The PREDIMED (Prevención 
con Dieta Mediterránea) trial was the largest multicentre RCT 
to investigate the impact of a Mediterranean diet on cardio-
vascular outcomes.36 PREDIMED found that participants 
following a Mediterranean diet supplemented with extra virgin 
olive oil or nuts had a 31% reduction in cardiovascular event 
risk compared with controls.36 Unfortunately, the results were 
not disaggregated according to sex. While multiple systematic 
reviews have been published on the effect of the Mediterra-
nean diet on CVD and death, no meta- analyses have centred 
on women. This first meta- analysis of female only studies, or 
studies that performed sex disaggregated analysis, found that 
a Mediterranean diet is equally beneficial in women as it is in 
men, with a 24% lower hazard of CVD (I2=38.6%) and 23% 
lower hazard of total mortality (I2=20.9%). We were unable to 
demonstrate a benefit of stroke reduction in women, but this 
was likely due to the smaller number of studies reporting this 
secondary outcome.

The inverse association seen in women in the current 
study is comparable with previous non- sex specific meta- 
analyses.9 11 12 37–39 For incident CVD, previous meta- analyses 
found a lower risk, ranging from 10% to 35%, with similar 
degrees of heterogeneity (I2=36–38%).11 12 37 38 Studies on 
stroke reported a lower risk of 24–35% and higher heterogeneity 
(I2=52–69%).11 12 37 39 For total mortality, other meta- analyses 
found a modest lower risk of 9–10%, with moderate- to- high 
heterogeneity (I2=49–81%).9 38 Previous reviews that performed 
subgroup analyses often found a small magnitude of decreased 
risk for women9 12 but were limited by significant heteroge-
neity (I2=81.1–86%) and smaller numbers of female partici-
pants.9 12 In the current meta- analysis, we included more than 
7 00 000 women with a strong association found for the bene-
ficial effect of higher Mediterranean diet adherence on CVD 
and death. Exclusion of each observational study one at a time 
in our sensitivity analysis did not substantially influence the 
pooled HRs, further supporting a strong inverse relationship for 

incident CVD and total mortality with higher Mediterranean 
diet adherence in women.

Our subgroup analyses found that the benefit of a Mediterra-
nean diet on CVD persisted in women of both European (lower 
risk of 24%) and non- European (Asian, Native Hawaiian and 
African American) descent, with a lower risk of 21%. Our find-
ings are consistent with previous non- sex disaggregated studies 
whereby a Mediterranean diet was beneficial across different 
ethnicities, with a slightly higher benefit in Mediterranean 
countries.10 12 However, this difference may reflect the smaller 
number of non- European studies that have been published.10 12

Various mechanistic pathways have been shown to influence 
the lowering effects of the Mediterranean diet on cardiovascular 
outcomes, including its antioxidant and microbiome effects that 
are closely associated with the interaction between inflammation 
and cardiovascular risk factors.40–42 Furthermore, the different 
components of the Mediterranean diet may contribute to a 
better cardiovascular risk profile; for example, polyphenols,43 
nitrates,44 omega- 3 fats, increased fibre from plant foods42 and 
reduced glycaemic load.45 However, mechanisms explaining the 
sex specific effect of the Mediterranean diet on CVD and death 
remain unclear.

This study demonstrated a higher magnitude of decreased 
risk for CVD in women compared with previous meta- analyses 
that included both men and women. This could be due to the 
large sample size of female specific data included in our meta- 
analysis, resulting in an analysis of a more diverse group of 
women from different age groups and with varied cardiovas-
cular risk profiles. However, it adds to the need for sex specific 
research. Female specific cardiovascular risk factors, including 
premature menopause, pre- eclampsia and gestational diabetes, 
or female predominant risk factors, such as systemic lupus, can 
all independently increase CVD risk.46 Common forms of CVD 
(eg, myocardial infarction) can also have different aetiologies in 
women compared with men.47 It is possible that preventative 
measures, such as a Mediterranean diet, that targets inflamma-
tion and CVD risk factors, impose differing effects in women 
compared with men.

Limitations
Our study has several imitations. Firstly, the included studies 
were observational in nature, with reliance on self- reported 
food frequency questionnaires to determine exposure and 
resulting susceptibility to bias. Secondly, studies without sex 
disaggregated analyses were excluded and individual partici-
pant data were not available. Contacting authors to provide 
individual participant data was considered. This was abandoned 
as it was deemed unfeasible due to the vast number of studies 
without sex disaggregated data (n=66) and low response 
rate, many of which were published more than a decade ago 
and for which individual participant data were unlikely to be 
available. However, the large number of studies without sex 
specific analyses reinforces the importance of our system-
atic review. Thirdly, adjustments for important confounders, 
such as cardiovascular risk factors, varied across studies, with 
subsequent bias towards a more favourable result. Finally, the 
study was limited by varying definitions of MDS, range of the 
score and different cut- offs of MDS, which may have contrib-
uted to study heterogeneity. This limitation was minimised by 
including only studies that reported key Mediterranean dietary 
components. However, the results should be taken with a 
certain degree of caution considering these limitations and the 
nature of cohort studies.
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Future implications
Our study demonstrates the need for dietary cardiovascular 
studies to report sex disaggregated analyses. Future research 
might consider adding more studies that look at the dietary 
impact on stroke, and subgroup analyses that address female 
specific cardiovascular risk factors, menopausal status and 
ethnicity, as well as individual participant data meta- analyses.48

CONCLUSION
Our systematic review and meta- analysis demonstrated a protec-
tive association between higher versus lower adherence to a 
Mediterranean diet on CVD incidence and total mortality, 
specific to women. Future research should adopt more sex 
aggregated research designs to develop tailored dietary guide-
lines for CVD prevention.

Twitter Simone Marschner @simoneMarschne1, Mamas A Mamas @
MMamas1973, Clara K Chow @clara_chow and Sarah Zaman @DrSarahjZaman

Contributors AP was responsible for conducting the systematic review and meta- 
analysis, and writing the manuscript. SG, DM and RT assisted in the screening stage 
of the systematic review. SG assisted in data extraction and risk assessment. SM 
helped perform the statistical analysis. All authors critically reviewed the manuscript. 
SZ is responsible for the study design, conception of the study, and critically 
reviewing the manuscript. SZ is responsible for the overall content as the guarantor. 
SZ accepts full responsibility for the work and the conduct of the study, had access 
to the data, and controlled the decision to publish.

Funding No funding was received for this study. SZ was supported by a Heart 
Foundation Future Leader Fellowship (ID 102627) for their work.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Anushriya Pant http://orcid.org/0000-0002-1367-259X
Daniel McIntyre http://orcid.org/0000-0003-4854-4050
Simone Marschner http://orcid.org/0000-0002-5484-9144
Mamas A Mamas http://orcid.org/0000-0001-9241-8890
Clara K Chow http://orcid.org/0000-0003-4693-0038
Sarah Zaman http://orcid.org/0000-0001-6289-583X

REFERENCES
 1 Vogel B, Acevedo M, Appelman Y, et al. The Lancet women and cardiovascular disease 

commission: reducing the global burden by 2030. Lancet 2021;397:2385–438. 
 2 Keys A, Menotti A, Karvonen MJ, et al. The diet and 15- year death rate in the seven 

countries study. Am J Epidemiol 1986;124:903–15. 
 3 de Lorgeril M, Salen P, Martin JL, et al. Mediterranean diet, traditional risk factors, and 

the rate of cardiovascular complications after myocardial infarction: final report of the 
Lyon diet heart study. Circulation 1999;99:779–85. 

 4 Trichopoulou A, Costacou T, Bamia C, et al. Adherence to a Mediterranean diet and 
survival in a Greek population. N Engl J Med 2003;348:2599–608. 

 5 Martínez- González MA, García- López M, Bes- Rastrollo M, et al. Mediterranean diet 
and the incidence of cardiovascular disease: a Spanish cohort. Nutr Metab Cardiovasc 
Dis 2011;21:237–44. 

 6 Fung TT, Rexrode KM, Mantzoros CS, et al. Mediterranean diet and incidence 
of and mortality from coronary heart disease and stroke in women. Circulation 
2009;119:1093–100. 

 7 Trichopoulou A, Martínez- González MA, Tong TY, et al. Definitions and potential 
health benefits of the Mediterranean diet: views from experts around the world. BMC 
Med 2014;12:112. 

 8 Radd- Vagenas S, Kouris- Blazos A, Singh MF, et al. Evolution of Mediterranean diets 
and cuisine: concepts and definitions. Asia Pac J Clin Nutr 2017;26:749–63. 

 9 Soltani S, Jayedi A, Shab- Bidar S, et al. Adherence to the Mediterranean diet in 
relation to all- cause mortality: a systematic review and dose- response meta- analysis 
of prospective cohort studies. Adv Nutr 2019;10:1029–39. 

 10 Tang C, Wang X, Qin LQ, et al. Mediterranean diet and mortality in people with 
cardiovascular disease: a meta- analysis of prospective cohort studies. Nutrients 
2021;13:2623. 

 11 Liyanage T, Ninomiya T, Wang A, et al. Effects of the Mediterranean diet on 
cardiovascular outcomes- A systematic review and meta- analysis. PLoS One 
2016;11:e0159252. 

 12 Rosato V, Temple NJ, La Vecchia C, et al. Mediterranean diet and cardiovascular 
disease: a systematic review and meta- analysis of observational studies. Eur J Nutr 
2019;58:173–91. 

 13 Neelakantan N, Koh W- P, Yuan J- M, et al. Diet- quality indexes are associated with 
a lower risk of cardiovascular, respiratory, and all- cause mortality among Chinese 
adults. J Nutr 2018;148:1323–32. 

 14 Reedy J, Krebs- Smith SM, Miller PE, et al. Higher diet quality is associated with 
decreased risk of all- cause, cardiovascular disease, and cancer mortality among older 
adults. J Nutr 2014;144:881–9. 

 15 Buckland G, González CA, Agudo A, et al. Adherence to the Mediterranean diet and 
risk of coronary heart disease in the Spanish EPIC cohort study. Am J Epidemiol 
2009;170:1518–29. 

 16 Strengers JG, den Ruijter HM, Boer JMA, et al. The association of the Mediterranean 
diet with heart failure risk in a Dutch population. Nutr Metab Cardiovasc Dis 
2021;31:60–6. 

 17 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 
reviews and meta- analyses of studies that evaluate healthcare interventions: 
explanation and elaboration. BMJ 2009;339:b2700. 

 18 Trichopoulou A, Kouris- Blazos A, Wahlqvist ML, et al. Diet and overall survival in 
elderly people. BMJ 1995;311:1457–60. 

 19 Warensjö Lemming E, Byberg L, Wolk A, et al. A comparison between two healthy diet 
scores, the modified Mediterranean diet score and the healthy Nordic food index, in 
relation to all- cause and cause- specific mortality. Br J Nutr 2018;119:836–46. 

 20 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane collaboration’s tool for 
assessing risk of bias in randomised trials. BMJ 2011;343:d5928. 

 21 Higgins JPT, Thomas J, Chandler J, et al. Cochrane handbook for systematic reviews of 
interventions. Chichester, UK: John Wiley & Sons, 2019.

 22 Wells GS, Wells G, Shea B, et al. The Newcastle- Ottawa Scale (NOS) for assessing 
the quality of nonrandomised studies in meta- analyses. Ottawa, Canada, Available: 
https://www.ohri.ca//programs/clinical_epidemiology/oxford.asp

 23 DerSimonian R, Laird N. Meta- analysis in clinical trials. Control Clin Trials 
1986;7:177–88. 

 24 Borenstein M, Hedges LV, Higgins JPT, et al. Introduction to meta‐analysis. Chichester, 
UK: John Wiley & Sons, 2021.

 25 R Core Team. R: A language and environment for statistical computing. R foundation 
for statistical computing. Vienna, Austria, Available: ttp://www.R-project.org/ 
[Accessed 07 Jul 2022].

 26 Ahmad S, Moorthy MV, Demler OV, et al. Assessment of risk factors and biomarkers 
associated with risk of cardiovascular disease among women consuming a 
Mediterranean diet. JAMA Netw Open 2018;1:e185708. 

 27 Harmon BE, Boushey CJ, Shvetsov YB, et al. Associations of key diet- quality indexes 
with mortality in the Multiethnic cohort: the dietary patterns methods project. Am J 
Clin Nutr 2015;101:587–97. 

 28 Shan Z, Li Y, Baden MY, et al. Association between healthy eating patterns and risk of 
cardiovascular disease. JAMA Intern Med 2020;180:1090–100. 

 29 George SM, Ballard- Barbash R, Manson JE, et al. Comparing indices of diet quality 
with chronic disease mortality risk in postmenopausal women in the women’s health 
initiative observational study: evidence to inform national dietary guidance. Am J 
Epidemiol 2014;180:616–25. 

 30 Dilis V, Katsoulis M, Lagiou P, et al. Mediterranean diet and CHD: the Greek 
European prospective investigation into cancer and nutrition cohort. Br J Nutr 
2012;108:699–709. 

 31 Galbete C, Kröger J, Jannasch F, et al. Nordic diet, Mediterranean diet, and the risk of 
chronic diseases: the EPIC- potsdam study. BMC Med 2018;16:99. 

 32 Lagiou P, Trichopoulos D, Sandin S, et al. Mediterranean dietary pattern and mortality 
among young women: a cohort study in Sweden. Br J Nutr 2006;96:384–92. 

 33 van den Brandt PA. The impact of a Mediterranean diet and healthy lifestyle on 
premature mortality in men and women. Am J Clin Nutr 2011;94:913–20. 

 34 Chan R, Chan D, Woo J. The association of a priori and a posterior dietary patterns 
with the risk of incident stroke in Chinese older people in Hong Kong. J Nutr Health 
Aging 2013;17:866–74. 

 35 Jackson JK, MacDonald- Wicks LK, McEvoy MA, et al. Better diet quality scores are 
associated with a lower risk of hypertension and non- fatal CVD in middle- aged 
Australian women over 15 years of follow- up. Public Health Nutr 2020;23:882–93. 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321930 on 14 M

arch 2023. D
ow

nloaded from
 

https://twitter.com/simoneMarschne1
https://twitter.com/MMamas1973
https://twitter.com/MMamas1973
https://twitter.com/clara_chow
https://twitter.com/DrSarahjZaman
http://orcid.org/0000-0002-1367-259X
http://orcid.org/0000-0003-4854-4050
http://orcid.org/0000-0002-5484-9144
http://orcid.org/0000-0001-9241-8890
http://orcid.org/0000-0003-4693-0038
http://orcid.org/0000-0001-6289-583X
http://dx.doi.org/10.1016/S0140-6736(21)00684-X
http://dx.doi.org/10.1093/oxfordjournals.aje.a114480
http://dx.doi.org/10.1161/01.cir.99.6.779
http://dx.doi.org/10.1056/NEJMoa025039
http://dx.doi.org/10.1016/j.numecd.2009.10.005
http://dx.doi.org/10.1016/j.numecd.2009.10.005
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.816736
http://dx.doi.org/10.1186/1741-7015-12-112
http://dx.doi.org/10.1186/1741-7015-12-112
http://dx.doi.org/10.6133/apjcn.082016.06
http://dx.doi.org/10.1093/advances/nmz041
http://dx.doi.org/10.3390/nu13082623
http://dx.doi.org/10.1371/journal.pone.0159252
http://dx.doi.org/10.1007/s00394-017-1582-0
http://dx.doi.org/10.1093/jn/nxy094
http://dx.doi.org/10.3945/jn.113.189407
http://dx.doi.org/10.1093/aje/kwp282
http://dx.doi.org/10.1016/j.numecd.2020.08.003
http://dx.doi.org/10.1136/bmj.b2700
http://dx.doi.org/10.1136/bmj.311.7018.1457
http://dx.doi.org/10.1017/S0007114518000387
http://dx.doi.org/10.1136/bmj.d5928
https://www.ohri.ca//programs/clinical_epidemiology/oxford.asp
http://dx.doi.org/10.1016/0197-2456(86)90046-2
ttp://www.R-project.org/
http://dx.doi.org/10.1001/jamanetworkopen.2018.5708
http://dx.doi.org/10.3945/ajcn.114.090688
http://dx.doi.org/10.3945/ajcn.114.090688
http://dx.doi.org/10.1001/jamainternmed.2020.2176
http://dx.doi.org/10.1093/aje/kwu173
http://dx.doi.org/10.1093/aje/kwu173
http://dx.doi.org/10.1017/S0007114512001821
http://dx.doi.org/10.1186/s12916-018-1082-y
http://dx.doi.org/10.1079/bjn20061824
http://dx.doi.org/10.3945/ajcn.110.008250
http://dx.doi.org/10.1007/s12603-013-0334-y
http://dx.doi.org/10.1007/s12603-013-0334-y
http://dx.doi.org/10.1017/S1368980019002842
http://heart.bmj.com/


1215Pant A, et al. Heart 2023;109:1208–1215. doi:10.1136/heartjnl-2022-321930

Systematic review

 36 Estruch R, Ros E, Salas- Salvadó J, et al. Primary prevention of cardiovascular disease 
with a mediterranean diet supplemented with extra- virgin olive oil or nuts. N Engl J 
Med 2018;378:25. 

 37 Grosso G, Marventano S, Yang J, et al. A comprehensive meta- analysis on evidence of 
Mediterranean diet and cardiovascular disease: are individual components equal? Crit 
Rev Food Sci Nutr 2017;57:3218–32. 

 38 Sofi F, Macchi C, Abbate R, et al. Mediterranean diet and health status: an updated 
meta- analysis and a proposal for a literature- based adherence score. Public Health 
Nutr 2014;17:2769–82. 

 39 Psaltopoulou T, Sergentanis TN, Panagiotakos DB, et al. Mediterranean diet, 
stroke, cognitive impairment, and depression: a meta- analysis. Ann Neurol 
2013;74:580–91. 

 40 Kastorini C- M, Milionis HJ, Esposito K, et al. The effect of Mediterranean diet on 
metabolic syndrome and its components: a meta- analysis of 50 studies and 534,906 
individuals. J Am Coll Cardiol 2011;57:1299–313. 

 41 Widmer RJ, Flammer AJ, Lerman LO, et al. The mediterranean diet, its components, 
and cardiovascular disease. Am J Med 2015;128:229–38. 

 42 Nagpal R, Shively CA, Register TC, et al. Gut microbiome- mediterranean diet 
interactions in improving host health. F1000Res 2019;8:699. 

 43 Medina- Remón A, Casas R, Tressserra- Rimbau A, et al. Polyphenol intake from a 
Mediterranean diet decreases inflammatory biomarkers related to atherosclerosis: a 
substudy of the PREDIMED trial. Br J Clin Pharmacol 2017;83:114–28. 

 44 Lidder S, Webb AJ. Vascular effects of dietary nitrate (as found in green leafy 
vegetables and beetroot) via the nitrate- nitrite- nitric oxide pathway. Br J Clin 
Pharmacol 2013;75:677–96. 

 45 Rodríguez- Rejón AI, Castro- Quezada I, Ruano- Rodríguez C, et al. Effect of a 
mediterranean diet intervention on dietary glycemic load and dietary glycemic index: 
the PREDIMED study. J Nutr Metab 2014;2014:985373. 

 46 Geraghty L, Figtree GA, Schutte AE, et al. Cardiovascular disease in women: from 
pathophysiology to novel and emerging risk factors. Heart Lung Circ 2021;30:9–17. 

 47 Garcia M, Mulvagh SL, Bairey Merz CN, et al. Cardiovascular disease in women. Circ 
Res 2016;118:1273–93. 

 48 Cochrane Methods. About IPD meta- analyses 2022. Available: https://methods. 
cochrane.org/ipdma/about-ipd-meta-analyses [Accessed 09 Aug 2022].

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2022-321930 on 14 M

arch 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1056/NEJMoa1800389
http://dx.doi.org/10.1056/NEJMoa1800389
http://dx.doi.org/10.1080/10408398.2015.1107021
http://dx.doi.org/10.1080/10408398.2015.1107021
http://dx.doi.org/10.1017/S1368980013003169
http://dx.doi.org/10.1017/S1368980013003169
http://dx.doi.org/10.1002/ana.23944
http://dx.doi.org/10.1016/j.jacc.2010.09.073
http://dx.doi.org/10.1016/j.amjmed.2014.10.014
http://dx.doi.org/10.12688/f1000research.18992.1
http://dx.doi.org/10.1111/bcp.12986
http://dx.doi.org/10.1111/j.1365-2125.2012.04420.x
http://dx.doi.org/10.1111/j.1365-2125.2012.04420.x
http://dx.doi.org/10.1155/2014/985373
http://dx.doi.org/10.1016/j.hlc.2020.05.108
http://dx.doi.org/10.1161/CIRCRESAHA.116.307547
http://dx.doi.org/10.1161/CIRCRESAHA.116.307547
https://methods.cochrane.org/ipdma/about-ipd-meta-analyses
https://methods.cochrane.org/ipdma/about-ipd-meta-analyses
http://heart.bmj.com/

	Primary prevention of cardiovascular disease in women with a Mediterranean diet: systematic review and meta-analysis
	ABSTRACT
	Introduction
	Methods
	Search strategy
	Study selection criteria
	Screening and data extraction
	Strategy for data synthesis

	Results
	Description of included studies
	Outcomes and meta-analysis

	Discussion
	Limitations
	Future implications

	Conclusion
	References
	Clinical introduction
	Question


