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INTRODUCTION: Heart failure (HF) is one of the most common cardiovascular disorders, and its prevalence is increased due to age,
genetics, and lifestyle factors. Emerging evidence suggests that the Mediterranean Diet (Med Diet) is linked to lower all-cause
mortality in patients with increased cardiovascular disease risk, such as those with HF.
OBJECTIVE: To conduct a systematic review and meta-analysis of observational studies into the relationship between the Med Diet
on HF risk.
DESIGN: Several databases (PubMed, Scopus, Web of Science and Cochrane Library) until the 01st of May 2023 were searched. Our
research was conducted based on the updated 2020 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. Data were reported as risk ratios (RRs) with their 95% confidence intervals (CIs) as results of multivariate or univariate
analyses.
RESULTS: From the original 1206 studies collected, six observational prospective studies were included, with a total of 216,385
European participants without evidence of HF at baseline. Over a mean period of 11 years of follow-up, a 1-point increase in the
Med Diet score was associated with a significantly lower risk of HF (RR= 0.940; 95% CI: 0.912–0.969, p < 0.0001; I2= 42.9%).
Categorised by sex, a higher adherence to Med Diet was associated with a significantly lower incidence of HF in women
(RR= 0.942; 95% CI: 0.912-0.973, p= 0.001; I2= 41.8%), but not in men. The overall quality of included studies was good.
CONCLUSIONS: Higher adherence to Med Diet across European countries is associated with lower risk of HF, particularly in women.
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INTRODUCTION
Cardiovascular disease (CVD) is among the most common causes of
mortality and responsible for a substantial rise in hospitalizations
and financial burden [1]. Heart failure (HF) is one of the most
common cardiovascular disorders, and its prevalence increases
primarily due to age, genetic predisposition, and lifestyle factors [2],
leading to higher morbidity and mortality rates [3]. In particular, the
prognosis following diagnosis of HF is poor, with a survival rate of
~50 and 10% within 5 and 10 years, respectively [4], affecting 1–2%
of the adult population [5]; 1% of those aged 20–39 years to >20% in
people aged 80 years and above [6]. Therefore, interventions aiding
in improvements of primary HF prevention would result in
decreased HF incidence, improving survival and hospitalization rates.
Emerging evidence suggests that the Mediterranean Diet (Med

Diet) is linked to lower all-cause mortality in patients with increased
CVD risk [7], including patients with HF [8]. Although nutritional
treatment leading to improved odds of survival in this patient
group could be fundamental to public health, observational studies

investigating dietary patterns pertinent to the prevention of HF risk
remain limited. For example, a large clinical trial with a median
follow-up of 4.8 years indicated that following a Med Diet did not
lead to reduced HF risk compared to controls [9], this finding is not
universal [10]. There is one previous meta-analysis on this topic.
However, this meta-analysis has several important limitations, for
example, a small number of studies were included (k= 3), and data
from incompatible study designs were merged, such as observa-
tional studies with randomized controlled trials [11].
Therefore, we conducted a systematic review and meta-analysis

of published observational studies conducted across Europe in an
attempt to update the current evidence around the impact of Med
Diet on HF risk.

METHODS
This systematic review and meta-analysis was conducted based on
the updated 2020 Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses (PRISMA) guidelines [12]. The protocol
has been registered in the International Prospective Register of
Systematic Reviews (PROSPERO) (CRD42023429132).

Search strategy
Two independent reviewers (K.P. and S.R.) searched PubMed,
Scopus, Web of Science and Cochrane Library from inception until
01st May 2023. The search strategy employed several terms for the
concepts of Med Diet and HF, as detailed in Supplementary Table
1. Discrepancies in the literature search process were resolved by a
third reviewer (N.V.).

Inclusion and exclusion criteria
Studies were included based on the following criteria: (i)
prospective or retrospective cohort studies; (ii) adults ≥18 years
old without history of HF at the baseline; and (iii) assessment of
incidence of HF via hazard (HR) or risk ratios (RR), deriving from
univariate or multivariate analyses, using a Cox’s regression
analysis. Articles were excluded if they (i) were reviews, letters,
in vivo or in vitro experiments or commentaries; (ii) the
participants were younger than 18 years-old.

Data extraction and risk of bias
Two reviewers (K. P. and S.R.) extracted data independently which
included the name of the first author, date of publication, country
of origin, study design. participant age, sample size, sex, definition
of Med Diet, and years of study follow-up. Disagreements between
reviewers were resolved by a third independent reviewer (N.V.).
The Newcastle-Ottawa Scale (NOS) was utilized to assess study
quality/risk of bias (RoB) [13]. NOS assigns a maximum of 9 points
based on three quality parameters: selection, comparability, and
outcome. The evaluation was made by two investigators (S.R. and
N.V.). The risk of bias was classified as high (<5 points), moderate
(6–7 points), or low (8–9 points) [14].

Statistical analysis
The primary analysis compared the incidence of HF from data
derived from multivariate or univariate statistical analyses. RRs
with their 95% confidence intervals (95% CIs) were then
calculated. Statistical significance was assessed using the random
effects model and inverse-variance method [15].
Statistical heterogeneity of outcome measurements between

different studies was assessed using the overlap of their 95% CI and
expressed as I2. Classification of data with low heterogeneity was
based on I2 from 30 to 49%, moderate heterogeneity from 50 to
74%, and high heterogeneity from 75% and above [16]. We used an
increase in one point to the Med Diet scores instead of categories
(for example highest quantile vs. lowest in the adherence to Med
Diet) to minimize statistical and clinical heterogeneity. Data about
adherence to Med Diet were harmonized transforming the scales
originally used in the manuscripts to a scale between 0 and 9 and
calculating the association between an increase in 1 point and the
risk of HF, using an approach similar to [17].
In case of high heterogeneity, a random-effect meta-regression

was planned to explore potential sources of variability that could
affect estimate rates among studies [18]. Mean age, number of
adjustments in multivariate analyses (in univariate analyses equal
to zero), and follow-up in years were considered potential
confounders. However, the primary outcome did suffer on this
issue and the number of studies (only six) did not permit this
analysis.
Publication bias was assessed by visually inspecting funnel plots

and using the Egger bias test [19]. In case of statistically significant
publication bias, the trim-and-fill analysis was used [19]. A P-value
of <0.05 was considered statistically significant and all analyses
were conducted using STATA version 14.0 (StataCorp) and for
forest plots MedCalc® Statistical Software version 22.023 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2024).

RESULTS
Literature search
The preliminary literature search yielded 682 publications. After
excluding duplicates and abstracts, 10 full texts were eligible for
inclusion in the systematic review and meta-analysis. Three of the
10 studies were discarded due to evaluating mortality risk in
patients with HF, while one was a randomized controlled trial
(RCT), as reported in Supplementary Table 2. This systematic
review and meta-analysis comprised of six studies that investi-
gated the incidence of HF depending on adherence to Med Diet
(Fig. 1).

Descriptive data
As shown in Supplementary Table 3, the six prospective studies,
giving information for nine independent cohorts [20–25] were
performed in Europe and included a total of 216,385
participants without evidence of HF at baseline. Females
represented 54.7% of the studied population. After a mean of
11 years of follow-up (range: 8.2–15 year), 6978 participants
developed HF which is equivalent to a cumulative incidence of
3% of the initial population in all the included studies. The
diagnosis of HF was made using medical records or death
certificates (Supplementary Table 3).

Meta-analysis and sensitivity analyses
Figure 2 shows the primary data analysis. After adjusting for the
potential confounders reported in Supplementary Table 3, an
increase in one point in the Med Diet score was associated with a
significantly lower risk of HF (RR= 0.940; 95% CI: 0.912–0.969,
p < 0.0001; I2= 42.9%). No publication bias (Egger’s test:
−0.68 ± 0.86; p= 0.54) was present for this outcome. The trim-
and-fill-analysis did not modify our findings.
Since several cohorts reported datasets stratified according to

sex, we also analysed the association between adherence to Med
Diet and incidence of HF in men and women (Supplementary
Fig. 1). In this regard, a positive association was observed in
women (RR= 0.942; 95% CI: 0.912–0.973, p= 0.001; I2= 41.8%),
but not in men (interaction: p= 0.94). Similar results were evident
when using categories (higher adherence vs. lower) instead of a
one-point increase (RR= 0.591; 95% CI: 0.437–0.800, p < 0.0001),
even if this analysis was characterized by a high heterogeneity
(I2= 88.2%) (Supplementary Fig. 2). Finally, in a sensitivity analysis,
after removing the studies using univariate analyses (Bonaccio
et al. [25]), the results were not different in magnitude (RR= 0.94;
95% CI: 0.91–0.96; p < 0.0001) with an important decrease in
heterogeneity (I2 from 42.9% to 8.3%).

Risk of bias
The risk of bias is fully reported in Supplementary Table 4. The
overall quality of studies was good, except for one study included
in the form of an abstract. The most common source of bias was
the adequacy of follow-up of the cohorts that was not described
in any of the studies included.

DISCUSSION
Our systematic review with meta-analysis included six studies with
216,385 community-dwelling adults living in Europe and without
evidence of HF at baseline. We demonstrated that a higher
adherence to Med Diet, as evaluated by Med Diet score, was
associated with a significantly lower risk of HF, particularly
in women.
Our meta-analysis confirms the important role of following the

Med Diet in preventing CVD. A previous systematic review of
10,950 participants reported that following the Med Diet may
protect against vascular diseases, but larger benefits were
observed in smaller, single-centre studies with incomplete
follow-up, hence there could be an overestimation of
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benefits [26]. Moreover, a large-scale Italian study of 888,257
participants revealed a reduced risk of 40% for coronary heart
disease, myocardial infarction and stroke with a higher adherence
to Med Diet, highlighting the protective effects of olive oil, fruits,
vegetables, and legumes [27]. However, this study also demon-
strated an important heterogeneity of exposure categories
included in the meta-analysis. The findings of our systematic
review substantially confirmed these findings, adding to the
concept that Med Diet could be protective for HF.
There may be several explanations for the apparent protective

effect of a Med Diet against the incidence of HF. First, the Med
Diet exhibits anti-inflammatory and antioxidant effects that could
lower inflammation, oxidative stress, and endothelial dysfunction,
which are the underlying complications leading to atherosclerosis,
CVDs, and HF [28]. Accordingly, a study carried out in Greece on
3042 people described that higher adherence to the Med Diet was
associated with an improved fasting glucose homeostasis, insulin
levels, and an improved insulin resistance index (HOMA) in both
normoglycemic individuals and diabetic participants [29]. This
observation is particularly prudent given that diabetes is a known

risk factor for HF [30]. Indeed, Med Diet could elicit lipid-lowering
effects, protection against oxidative stress, inflammation and
platelet aggregation, modification of hormones and growth
factors involved in the pathogenesis of cancer and CVDs,
inhibition of nutrient sensing pathways by specific amino acid
restriction, and gut microbiota-mediated production of metabo-
lites influencing metabolic health [31]. Finally, the Med Diet has
been found to reduce levels of HF biomarkers, as revealed by a
Spanish randomized controlled trial of 930 participants, where
individuals at a high risk of CVDs who adopted this dietary pattern
reduced their N-terminal pro-brain natriuretic peptide (NT-
proBNP) compared with those assigned to a low-fat diet [32].
This observation was anticipated given the propensity for
hypoxaemia to increase oxidative stress and release tumour
necrosis factor-alpha (TNF-α), commonly associated with an
increase in BNP levels in patients with chronic HF. This study also
showed how a Med Diet could reduce plasma levels of TNF-α and
of interleukin-1β (IL-1β) gene, with a consequent decrease of NT-
proBNP release. This decline in NT-proBNP release results from a
reduced volume expansion and wall stress leading to better blood
pressure levels [32]. Otherwise, as demonstrated by a European
study of 127 participants in patients with end-stage kidney
disease, high adherence to Med Diet is associated with a
progressive decrease of concentric and eccentric remodelling
and lower left ventricular hypertrophy that are among the most
important mechanisms for increasing HF risk [33].
Our meta-analysis suggests the relationship between Med Diet

and HF risk may be sex specific since the association was
statistically significant in women, but not in men. Previous studies
have attempted to delineate the association between Med Diet
and incidence of HF by sex. For instance, a British study of 23,232
men and women demonstrated that risk of stroke was signifi-
cantly reduced in women with greater adherence to the Med Diet,
but not in men, however, this study did not assess other CVDs risk
factors such as atrial fibrillation [34]. Similarly, a Dutch study of
20,852 men and women demonstrated a significant relationship
between adherence to the Med Diet and lower mortality in
women only, with a rate advancement period of 15.1 years in
women vs. 8.4 years in men [35]. However, there was no update of

Fig. 2 Association between increase in one point in Med Diet score
and incidence of heart failure.
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dietary intake or other lifestyle data during the 10 years of follow-
up, hence these findings may have sacrificed the precision of
these associations. Moreover, a review revealed that consistent
compliance to a Med Diet was associated with 21% lower odds of
experiencing one additional risk factor (i.e., hypertension,
hypercholesterolemia, diabetes, obesity) in women and with
14% lower odds in men [36]. Importantly, despite the relevant
epidemiological evidence, no clear mechanism has been estab-
lished to explain the association between Med Diet and CVDs,
including HF, which is stronger in women than in men.
Finally, it should be acknowledged that, despite the significant

results of our meta-analysis, some discrepancies across studies
exist. First, there is considerable variability in study designs and
populations. Second, despite efforts to ensure homogeneity,
adherence to the Med Diet can vary significantly across different
studies and regions. Mediterranean countries typically exhibit
higher adherence due to their climate, lifestyle, and food
production, whereas non-Mediterranean countries might show
lower adherence, potentially impacting the outcomes of interest,
namely, the incidence of HF. Third, the duration of follow-up
varied greatly among the included studies, contributing to the
observed heterogeneity. Finally, the quality of the included studies
varies, with some, consisting of inadequate follow-up descriptions
and inclusion of only European populations, may limit the
generalizability of the findings. Therefore, these factors collectively
contribute to the conflicting reports on the relationship between
the Med Diet and HF risk. Further high-quality, interventional
studies are needed to clarify the long-term effects of the Med Diet
on HF prevention and related outcomes.

Limitations
Our research should be interpreted within the confines of several
limitations. In our meta-analysis we included only six studies that
embraced only European countries. However, even among European
countries the best dietary pattern representing the Med Diet is
observed in Mediterranean countries since the season, lifestyle, and
food production (earth, season, weather etc.) are desirable for this
dietary pattern. This may be different in non-Mediterranean
European countries where climates and lifestyles differ (i.e.,
Netherlands, UK etc.). In this regard, a recent systematic review has
found that Med Diet adherence has shown declines worldwide, and
even in the Mediterranean region, therefore, this might have
affected the results, even if we did not find a high statistical
heterogeneity [37]. The dietary assessments of the included studies
were performed during a period between 1994 and 2013, as shown
in Supplementary Table 3, this could cause a limitation based on
Med Diet decline. Second, several studies did not include the
changes in the adherence to Med Diet during the follow-up period
that was, on average, 11 years. Thus, inherent changes in dietary
habits could modify our findings. Finally, the studies included were
observational, which may incur biases that future interventional trials
must explore. In particular, the heterogeneity in study designs and
populations could affect the generalizability of the results.
In conclusion, our systematic review and meta-analysis revealed

that higher adherence to Med Diet is associated with a
significantly lower risk of HF; an observation particularly evident
in women. Since CVDs remain the leading cause of death in our
society, further research using interventional studies are war-
ranted to better understand the long-term effects of the Med Diet
on HF and its negative outcomes that accompany this condition.
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