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Abstract  Age-related cognitive impairment and 
dementia pose a significant global health, social, and 
economic challenge. While Alzheimer’s disease (AD) 
has historically been viewed as the leading cause of 
dementia, recent evidence reveals the considerable 
impact of vascular cognitive impairment and demen-
tia (VCID), which now accounts for nearly half of all 
dementia cases. The Mediterranean diet—character-
ized by high consumption of fruits, vegetables, whole 
grains, fish, and olive oil—has been widely recog-
nized for its cardiovascular benefits and may also 

Mónika Fekete, Péter Varga and Zoltan Ungvari 
contributed equally to this manuscript.

M. Fekete · P. Varga · A. Buda · A. Lehoczki · N. Mózes ·
A. Ungvari (*)
Institute of Preventive Medicine and Public Health,
Semmelweis University, Budapest, Hungary
e-mail: Ungann2004@gmail.com

P. Varga · A. Buda · A. Lehoczki
Doctoral College, Health Sciences Program, Semmelweis
University, Budapest, Hungary

Z. Ungvari · S. Tarantini · A. Yabluchanskiy
Vascular Cognitive Impairment, Neurodegeneration
and Healthy Brain Aging Program, Department
of Neurosurgery, University of Oklahoma Health Sciences
Center, Oklahoma City, OK, USA

Z. Ungvari · S. Tarantini · A. Yabluchanskiy
Oklahoma Center for Geroscience and Healthy Brain
Aging, University of Oklahoma Health Sciences Center,
Oklahoma City, OK, USA

reduce the risk of cognitive decline and dementia. To 
investigate the protective effects of the Mediterranean 
diet on cognitive health, we conducted a systematic 
literature review using PubMed, Web of Science, 
and Google Scholar, focusing on studies published 
between 2000 and 2024. The studies included in the 
meta-nalysis examined the adherence to the Medi-
terranean diet and the incidence of dementia and 
AD. We applied a random-effects model to calcu-
late pooled hazard ratios (HRs) with 95% confidence 
intervals (CIs) and assessed heterogeneity through 
I-square statistics. Forest plots, funnel plots, and 
Z-score plots were used to visualize magic outcomes.
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Of the 324 full-text records reviewed, 23 studies met 
the inclusion criteria. The combined HR for cognitive 
impairment among those adhering to the Mediterra-
nean diet was 0.82 (95% CI 0.75–0.89); for demen-
tia, the HR was 0.89 (95% CI 0.83–0.95); and for 
AD, the HR was 0.70 (95% CI 0.60–0.82), indicating 
substantial protective effects. Significant heterogene-
ity was observed across studies, though Z-score plots 
suggested sufficient sample sizes to support reliable 
conclusions for each condition. In conclusion, this 
meta-analysis confirms that adherence to the Mediter-
ranean diet is associated with an 11–30% reduction 
in the risk of age-related cognitive disorders, includ-
ing cognitive impairment, dementia, and AD. These 
findings underscore the Mediterranean diet’s potential 
as a central element in neuroprotective public health 
strategies to mitigate the global impact of cognitive 
decline and dementia and to promote healthier cogni-
tive aging.

Keywords  Pharmacology · Cognitive decline · 
Neurodegenerative diseases · Nutritional 
epidemiology · Prevention

Introduction

Age-related cognitive impairment and dementia rep-
resent a global health, social, and economic crisis [1]. 
With the elderly population rapidly increasing in the 
Western world, the number of individuals affected 

by cognitive decline is expected to double by 2030 
and triple by 2050 [1–4]. Dementia is not a singular 
disease; it encompasses a range of conditions [5], all 
characterized by progressive cognitive impairment, 
often accompanied by functional and behavioral 
decline.

While Alzheimer’s disease (AD) has long been 
considered the leading cause of dementia, emerging 
evidence highlights the equally significant contribu-
tion of vascular cognitive impairment and dementia 
(VCID) [6–8], which accounts for nearly half of all 
dementia cases. Many patients present with mixed 
etiology dementia, where both AD and vascular com-
ponents coexist. Recent research also reveals that 
AD itself has a substantial microvascular compo-
nent, emphasizing the critical role of vascular health 
in both conditions [9–14]. Microvascular patholo-
gies, including endothelial dysfunction, neurovas-
cular impairment [11,15], cerebromicrovascular rar-
efaction, and related declines in cerebral blood flow, 
blood–brain barrier (BBB) disruption [13,14], and 
cerebral microhemorrhages, are key contributors 
to the pathogenesis of both VCID and AD. Despite 
this, there is a gap in knowledge regarding how life-
style and dietary interventions that support vascular 
health can mitigate the progression of these diseases. 
Vascular risk factors like hypertension [16,17], obe-
sity [18–24], diabetes [25,26], and hyperlipidemia 
are common to both VCID and AD, suggesting that 
interventions aimed at improving vascular health 
could confer protective effects against both condi-
tions. In this context, the Mediterranean diet, widely 
recognized for its cardiovascular benefits [27–34] and 
stroke prevention [35–55], has garnered attention for 
its potential to reduce the risk of cognitive decline 
and dementia through synergistic vasoprotective and 
neuroprotective effects [56]. This diet, rich in fruits, 
vegetables, whole grains, legumes, olive oil, and fish, 
with low consumption of red meat and saturated fats 
[57], is increasingly being linked to improved cogni-
tive outcomes. However, one critical area that con-
founds the current literature is the variation in the 
composition of the “Mediterranean diet” across dif-
ferent countries. The traditional Mediterranean diet is 
not a single, uniform concept but rather a diverse set 
of dietary patterns that differ considerably across var-
ious Mediterranean countries. These regional differ-
ences in food selection and preparation could contrib-
ute to the heterogeneity observed in studies assessing 
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the impact of the Mediterranean diet on dementia 
risk. Moreover, other aspects of the Mediterranean 
lifestyle, such as higher levels of physical activity, 
social engagement, and cultural habits, may synergis-
tically enhance the diet’s protective effects, making it 
challenging to isolate the specific role of the diet in 
dementia prevention. These lifestyle factors, although 
integral to the Mediterranean way of life, also exhibit 
significant regional variation, further complicating 
the ability to draw definitive conclusions about the 
standalone effects of the Mediterranean diet on cogni-
tive health.

Given these complexities, the aim of this study was 
to perform a comprehensive meta-analysis that con-
solidates data from a wide variety of studies to better 
understand the relationship between adherence to the 
Mediterranean diet and the risk of cognitive impair-
ment, dementia, and Alzheimer’s disease. By sys-
tematically analyzing these studies, the meta-analysis 
seeks to offer robust evidence on the Mediterranean 
diet’s effectiveness in preventing cognitive decline 
and dementia, while accounting for potential sources 
of heterogeneity and confounding factors.

Methods

Literature search

A comprehensive literature search was conducted 
for this meta-analysis across PubMed, Web of Sci-
ence, and Google Scholar databases. The search was 
restricted to studies published between 2000 and 2024 
to include the most recent and relevant studies. The 
listed keywords and their combinations were used in 
the search strategy (Table 1). No language restrictions 
were applied during the search, and full-text publi-
cations were considered. Additionally, the reference 
lists of the identified articles and related metaanalyses 
were reviewed to gather data and to locate further rel-
evant studies.

Inclusion and exclusion criteria

The inclusion and exclusion criteria were established 
based on the following guidelines: population (P), 
exposure (E), comparison (C), outcome (O), and 
study design (S). The inclusion and exclusion criteria 
were applied by two independent reviewers (AL, MF) 

who assessed the studies identified through the lit-
erature search. Studies that met the following criteria 
were included in the metaanalysis (Table 2). The aim 
of the analysis was to determine whether adherence to 
the Mediterranean diet could reduce the risk of devel-
oping dementia and Alzheimer’s disease. Based on 
the results, we provide recommendations for future 
research directions, particularly focusing on further 
exploring the relationship between the Mediterranean 
diet and neurodegenerative diseases.

Statistical analysis to determine the overall effect

We conducted statistical analyses using the web-
based tool available at MetaAnalysisOnline.com. To 
synthesize the data from the included studies, we 
employed a random-effects model to calculate the 
pooled hazard ratios (HRs) and the 95% confidence 
intervals (CIs). This model was chosen to account 
for the potential heterogeneity across studies, thereby 
allowing for greater generalizability of the findings. 
Forest plots were generated to visually represent both 
the individual study outcomes and the overall pooled 
effect. These plots provide a clear graphical summary 
of the effect estimates across studies, facilitating the 
comparison of study-level data and the identification 
of potential variations in results.

To quantify heterogeneity, we utilized the chi-
square test (Cochran’s Q) alongside the I2 statistic. 
The chi-square test assesses whether the observed 
variability in effect sizes exceeds that expected by 
chance, while the I2 index quantifies the proportion of 

Table 1   List of keyword combinations for research on the 
relationship between Mediterranean diet adherence and 
dementia, cognifive decline, or Alzheimer’s disease

Keywords

“Mediterranean diet”AND “dementia”
“Mediterranean diet” AND “Alzheimer’s disease”
“Mediterranean diet” AND “cognitive decline”
“Mediterranean diet” AND “cognitive impairment”
“Mediterranean diet” AND “memory loss”
“Dietary patterns” AND “dementia”
“Dietary patterns” AND “Alzheimer’s disease”
“Mediterranean diet adherence” AND “dementia”
“Mediterranean diet adherence” AND “Alzheimer’s disease”
“Mediterranean diet adherence” AND “cognitive decline”
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the total variability in the effect estimates that is due 
to between-study heterogeneity rather than sampling 
error.

Identification of potential publication bias

We also evaluated potential publication bias by gen-
erating a funnel plot, which plots effect sizes against 
their standard errors to detect asymmetry, a sign of 
bias. To further assess the presence of publication 
bias, we conducted Egger’s test, a statistical method 
that examines the relationship between the effect esti-
mates and their precision to detect significant devia-
tions from symmetry.

Assessing sample size robustness through trial 
sequential analysis

In addition to the primary metaanalysis, we per-
formed a trial sequential analysis (TSA) to assess the 
robustness of the cumulative sample size and deter-
mine whether the evidence was sufficient to draw reli-
able conclusions. This approach enables us to deter-
mine whether the cumulative evidence had reached 
the threshold required for statistical significance or 
if further studies were needed to solidify the find-
ings. TSA was conducted using the metacoumbounds 
package in Stata version 14.1. For this analysis, we 
assumed a relative risk reduction of 15%, with a 
two-sided α level of 5% and statistical power set at 
80%. These parameters were chosen to estimate the 

required a priori information size (APIS), represent-
ing the minimum number of participants necessary to 
detect a statistically significant effect with adequate 
power.

Subcohort analysis settings

The statistical analysis was conducted separately in 
each analyzed clinical setting, covering three main 
disease cohorts: cognitive impairment, dementia, 
and Alzheimer’s disease. In the analysis, we included 
cross-sectional, cohort, and case–control studies, all 
of which were incorporated based on the investigated 
condition into the meta-analysis.

Results

A total of 23 studies were included in the meta-anal-
ysis that met the inclusion criteria and provided ana-
lyzable data on the relationship between the Medi-
terranean diet and cognitive decline/mild cognitive 
impairment (MCI), dementia, and Alzheimer’s dis-
ease (Fig.  1). The summary of the results revealed 
several important correlations and findings.

The relationship between the Mediterranean diet and 
cognitive decline

All together 13 studies analyzed examined the pres-
ence of cognitive decline as the prevalence of mild 

Table 2   Eligibility criteria for study selection

Criteria Description

Inclusion criteria
Population (P) Adult individuals diagnosed with dementia or Alzheimer’s disease, or those with cognitive decline
Exposure (E) Assessment of adherence to the Mediterranean diet through validated tools, such as questionnaires
Comparison (C) Not specified, as the focus is on exposure to the Mediterranean diet and its outcomes
Outcome (O) Development of dementia, Alzheimer’s disease, or cognitive decline
Study design (S) Observational studies, including cross-sectional, cohort, and case–control studies. Preference was 

given to studies with a longer follow-up period if multiple publications were based on the same 
population

Exclusion criteria
Population Studies that did not examine populations related to the Mediterranean diet
Non-human studies Studies conducted on non-human subjects (e.g., animal experiments, in vitro studies)
Publication type Studies that were not full-text publications (e.g., conference abstracts)
Language Studies not published in English or Hungarian, with translations unavailable
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cognitive impairment (MCI) among individuals 
adhering to the Mediterranean diet [58–70]. The find-
ings indicate that a closer adherence to the Mediter-
ranean diet significantly slowed the rate of cognitive 
decline. Based on the analysis results using random 
effects model with inverse variance method to com-
pare the hazard rate (HR), a statistical difference is 
present, and the summarized hazard rate (HR) is 0.82 
with a 95% confidence interval of 0.75–0.89. The 
analysis for overall effect indicates a statistical sig-
nificance with a p value below 0.05 (see Fig. 2A for 
the fores-plot showing all included stuies). The aggre-
gated data showed that greater adherence to the Medi-
terranean diet reduced the rate of cognitive decline by 
approximately 18%, and participants who followed 
the Mediterranean diet maintained better cognitive 
function over time.

A significant heterogeneity was found (0.01), 
pointing at varying effects in scale and/or direction 
among the included studies. An I [2] value of des-
ignates that 55% of the inconsistency between trials 

stems from heterogeneity rather than random chance. 
In addition, the funnel plot indicates a potential pub-
lication bias. The Egger’s test supports the presence 
of funnel plot asymmetry (intercept: − 1.56; 95% 
CI − 2.79 to − 0.34; t − 2.503; p-value 0.026; Fig. 2B).

The relationship between the Mediterranean diet and 
the risk of dementia

Most of the analyzed studies found a significant 
inverse association between adherence to the Medi-
terranean diet and the risk of dementia. The aggre-
gated results calculated from ten trials [58,62,71–78] 
using a random-effects model indicated that higher 
adherence to the Mediterranean diet reduced the risk 
of developing dementia by 11%. In particular, there 
is a statistical difference, and the summarized hazard 
rate (HR) is 0.89 with a 95% confidence interval of 
0.83–0.95. The assessment for overall effect confirms 
a statistical significance with a p value below 0.05 
(see Fig. 3A).

Fig. 1   Flow diagram illustrating the article selection process
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A significant heterogeneity was found (< 0.01), 
suggesting varying effects in scale and/or direction. 
An I2 value of indicates that 66% of the differences 
between the cohorts arises from heterogeneity rather 
than random chance (Fig. 3B). Meanwhile, the fun-
nel plot does not indicate a potential publication 
bias and the Egger’s test does not support the pres-
ence of funnel plot asymmetry (intercept: − 1.11; 
95% CI − 2.21 to − 0.02; t − 1.999; p-value 0.081).

The relationship between the Mediterranean diet and 
the risk of Alzheimer’s disease

In our meta-analysis, we also examined the impact 
of adherence to the Mediterranean diet on the risk of 
developing Alzheimer’s disease. The findings showed 
that the Mediterranean diet significantly reduced the 
risk of Alzheimer’s disease. A total of nine cohorts 
were investigated [62,66,71,75,79–83], and based 

Fig. 2   Results for all studies comparing Mediterranean diet 
and cognitive impairement. There is a highly significant reduc-
tion in cognitive impairement with a total HR of 0.82 (A). The 
funnel plot indicates a potential publication bias across the 
studies (B). The Z-score plot of all studies investigating the 

correlation indicates that no additional studies are needed to 
get a definitive conclusion (C). SE, standard error; CI, confi-
dence interval; IV, inverse variance; APIS, a priori information 
size; AIS, actual information size; RRR, relative risk ratio
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on the calculations performed using random-effects 
model with inverse variance method to compare the 
hazard rate, there is a statistical difference, and the 
summarized hazard rate is 0.7 with a 95% confidence 
interval of 0.6–0.82. The analysis for overall effect 
points to a p value below 0.05. A significant hetero-
geneity was detected (p = 0.02), signifying variable 
effects in scale and/or direction. An I2 value of 51% 
marks the proportion of inconsistency among the 
cohorts arising from heterogeneity rather than ran-
dom chance (Fig. 4A).

Thus, according to the random-effects model, the 
Mediterranean diet was associated with a robust 30% 
reduction in the likelihood of developing Alzheimer’s 
disease. This result suggests that the Mediterranean 
diet may have a protective effect against Alzheimer’s 
disease, particularly with long-term adherence. New-
ertheless, the funnel plot indicates a potential pub-
lication bias and the Egger’s test supports the pres-
ence of funnel plot asymmetry (intercept: − 1.63, 
95% CI − 2.84 to − 0.41; t − 2.626; p-value 0.028; see 
Fig. 4B).

Fig. 3   Results for all studies comparing Mediterranean diet 
and dementia. There is a significant reduction in the preva-
lence of dementia with a total HR of 0.89 (A). The funnel plot 
confirms the absence of a potential publication bias (B). The 
Z-score plot of trials analyzing the effects show that additional 

studies are not needed to get a definitive conclusion (C). SE, 
standard error; CI, confidence interval; IV, inverse variance; 
APIS, a priori information size; AIS, actual information size; 
RRR, relative risk ratio
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Trial sequential analysis

We performed TSA analysis in each of the three set-
tings investigated. To aid in the interpretation of the 
TSA results, we generated Z-score plots, which dis-
play the relationship between the cumulative sample 
size, study duration, and cumulative Z-scores over 
time. The resultsing plots for cognitivie imparie-
men, dementia, and Alzheimer’s disease are provided 
in Fig. 2C, Fig. 3C, and Fig. 4C, respectively. In all 
three settings, the actual cumulative sampel number 
was much higher, than the original APIS. Thus, by 
applying TSA, we were able to account for the risks 
of random errors and we determined that the existing 

data is sufficient and no additional research is needed 
in order to avoid premature or inconclusive results.

Discussion

The findings from this meta-analysis provide robust 
evidence supporting the protective role of the Medi-
terranean diet in reducing the risk of cognitive 
decline, dementia, and AD. The consistent asso-
ciations observed across a range of studies high-
light the potential of the Mediterranean diet as an 
effective non-pharmacological, lifestyle interven-
tion for promotion of healthy cognitive and brain 

Fig. 4   Results for all studies comparing Mediterranean diet 
and the incidence of Alzheimer’s disease. There is a 30% 
reduction in the incidence of Alzheimer’s disease (A). The fun-
nel plot displays significant assymetry (B). The TSA analysis 
of studies investigating the correlation supports the sufficiency 

of the sample number to draw a final conclusion (C). SE, 
standard error; CI, confidence interval; IV, inverse variance; 
APIS, a priori information size; AIS, actual information size; 
RRR, relative risk ratio
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aging, mitigating the progression of both VCID and 
AD. These results are especially relevant given the 
increasing burden of age-related cognitive impair-
ment and dementia in aging populations worldwide.

Both VCID and AD are age-related diseases, and 
their pathogenesis is closely linked to cellular and 
molecular mechanisms of aging [9,10,84–86]. It is 
logical to assume that the Mediterranean diet inter-
feres with these aging processes [87–90], contribut-
ing to its protective effects against both conditions. 
This assumption is supported by the observation that 
the Mediterranean diet also protects against other 
age-related diseases, such as cardiovascular diseases 
[91], stroke [28,92–95], cancer [96–98], sarcope-
nia [99,100], and age-related macular degeneration 
(AMD) [101–104].

Components of the Mediterranean diet [105–109] 
likely exert their protective effects through a combi-
nation of vasoprotective and neuroprotective mecha-
nisms, delivering anti-aging benefits to both vascu-
lar cells and cells of the central nervous system. A 
key feature of the Mediterranean diet is its richness 
in anti-inflammatory nutrients, such as omega-3 
fatty acids, which are abundant in fish and nuts 
[57,110,111]. Additionally, plant-based foods like 
vegetables, fruits, and whole grains are rich in fla-
vonoids and other bioactive compounds with pow-
erful antioxidant and anti-inflammatory properties 
[57,112]. Extra virgin olive oil, a cornerstone of the 
Mediterranean diet, contributes to brain health due to 
its high content of monounsaturated fats and polyphe-
nols [57,72,78,90,113]. The regular consumption of 
fruits and vegetables in this diet has been well-doc-
umented for its protective effects against cardiovas-
cular diseases and cognitive decline. These foods are 
particularly rich in fiber, potassium, flavonoids, and 
carotenoids, all of which play a role in enhancing car-
diovascular and cognitive health. Red wine, another 
notable component of the Mediterranean diet, is rich 
in polyphenols—particularly resveratrol—which may 
offer additional multifaceted health benefits.

One of the key protective mechanisms of the Medi-
terranean diet lies in its ability to counteract the cellu-
lar and molecular processes that drive aging, such as 
mitochondrial dysfunction [87,90], oxidative stress, 
and chronic inflammation [114]—all of which are 
major contributors to both VCID and AD [79]. Sev-
eral components of the diet, including polyphenols, 
omega-3 fatty acids, and monounsaturated fats, are 

known to modulate these aging-related mechanisms, 
thereby supporting vascular and cognitive health.

Polyphenols (abundant in olive oil, fruits, veg-
etables, and red wine), including resveratrol, have 
strong antioxidant and anti-inflammatory properties. 
They scavenge free radicals, activate endogenous 
antioxidative defense mechanisms, such as Nrf2-
regulated antioxidative responses and induce master 
regulators of pro-survival cellular programs such as 
SIRT1-mediated cellular stress resilience pathways 
[115,116], mitigate both mitochondrial and NADPH 
oxidase-dependent ROS production, reduce oxida-
tive damage, improve mitochondrial health [115], 
and improve endothelial function by enhancing nitric 
oxide bioavailability [117,118], which is essential for 
maintaining vascular health. Polyphenols also inhibit 
the expression of pro-inflammatory cytokines and 
reduce the activation of inflammatory pathways, such 
as NF-κB, which are implicated in both microvascu-
lar dysfunction and neuroinflammation.

Omega-3 fatty acids, found in fish and nuts, play 
a critical role in neuroprotection by promoting neu-
ronal cell function [119], reducing neuroinflammation 
[120], and enhancing synaptic plasticity [121,122]. 
These fatty acids also regulate cerebral blood flow 
[123,124] and lower the risk of atherosclerosis by 
reducing triglycerides, blood pressure, and inflam-
mation [125,126]—factors that are vital for both cer-
ebrovascular and cognitive health. Recent meta-anal-
yses demonstrated that fish consumption is associated 
with a lower risk of cognitive impairment and demen-
tia [127,128]. The neurocognitive protective effects 
of fish consumption also associates with a reduced 
risk of cardiovascular disease mortality [129]. Nuts, 
another essential component of the Mediterranean 
diet, are not only rich in phytochemicals and unsatu-
rated fatty acids but are also a good source of folate, 
vitamin B6, and niacin [130]. Increased nut consump-
tion has been associated with improved cognitive per-
formance, further supporting their role in promoting 
brain health [131–133].

Monounsaturated fats, primarily sourced from 
olive oil, contribute to improved lipid profiles by 
lowering low-density lipoprotein (LDL) cholesterol 
and raising high-density lipoprotein (HDL) choles-
terol [134–141]. These favorable changes help pro-
tect against vascular damage and enhance endothelial 
function, both of which are crucial for reducing the 
risk of microvascular pathologies that contribute to 
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dementia. Data from the Three Cities Study [142], 
along with other clinical, translational, and preclinical 
research [143–148], have demonstrated the protective 
effects of olive oil against cognitive decline and neu-
rodegeneration [149–151], further supporting its role 
in maintaining brain health.

In the pathophysiological processes of AD, amy-
loid-beta (Aβ) deposition and abnormal tau protein 
phosphorylation are key contributors to neuronal 
damage and cognitive decline. Aβ plaques form 
when amyloid precursor protein (APP) is improperly 
cleaved, leading to the accumulation of insoluble Aβ 
peptides in the brain, which disrupts synaptic function 
and triggers neuroinflammation. Similarly, hyper-
phosphorylated tau protein forms neurofibrillary 
tangles that interfere with intracellular transport and 
contribute to neuronal dysfunction. Numerous stud-
ies have shown that adherence to the Mediterranean 
diet can help reduce Aβ levels in the brain [152–154], 
potentially slowing the development and progression 
of AD [66,79–81]. Clinical and preclinical studies 
suggest that components of the Mediterranean diet 
can interfere with the molecular mechanisms under-
lying amyloid and tau pathologies [152–154]. For 
example, oleocanthal, a naturally occurring com-
pound found in extra virgin olive oil, has garnered 
significant attention for its neuroprotective properties. 
Research has demonstrated that oleocanthal inhib-
its the formation and aggregation of Aβ oligomers, 
which are highly toxic to neurons [155–157]. By pre-
venting the buildup of these oligomers, oleocanthal 
reduces amyloid plaque formation, helping to pro-
tect neuronal networks and preserve cognitive func-
tion [155–157]. Beyond oleocanthal, other bioactive 
components of the Mediterranean diet may also con-
tribute to these protective effects. Polyphenols, such 
as resveratrol and flavonoids, have been shown to 
reduce oxidative stress and inflammation, which are 
closely linked to Aβ and tau pathologies [158]. These 
compounds modulate signaling pathways involved 
in amyloid clearance, reduce the production of pro-
inflammatory cytokines, and promote autophagic pro-
cesses that help remove misfolded proteins, further 
supporting the Mediterranean diet’s role in slowing 
AD progression [158]. The preclinical and clinical 
findings on the impact of omega-3 fatty acids mitigat-
ing the effects of Aβ and tau in the brain are contro-
versial [159–161]. Studies have shown that these fatty 
acids can reduce neuroinflammation [120,162] and 

enhance synaptic plasticity [122]. Taken together, the 
Mediterranean diet, through its rich content of neu-
roprotective bioactive nutrients may provide a multi-
faceted approach to combatting the key pathological 
features of AD.

The Mediterranean diet has also been shown to 
reduce several vascular risk factors common to both 
VCID and AD, including hypertension [163,164], 
diabetes [165], obesity [166], and hyperlipidemia 
[114]. These risk factors contribute to cerebromicro-
vascular pathologies [167], such as microvascular 
rarefaction, microhemorrhages, and BBB disruption, 
which are critical in the genesis of ischemic neuronal 
damage and neuroinflammation, thereby promoting 
the development of dementia. In addition to the direct 
effects of the Mediterranean diet, its benefits may be 
enhanced by other lifestyle factors commonly asso-
ciated with the Mediterranean way of life, including 
regular physical activity, strong social connections, 
and a slower pace of life [168]. These factors can fur-
ther support cardiovascular health and mental well-
being, creating a comprehensive approach to healthy 
aging.

The findings of this meta-analysis on the protec-
tive effects of the Mediterranean diet against cogni-
tive decline and dementia carry significant public 
health relevance for regions where the incidence 
of cognitive impairment and dementia is high, and 
dietary habits differ markedly from the traditional 
Mediterranean lifestyle [1]. Hungary is a prime exam-
ple. The country faces alarming statistics regarding 
unhealthy cognitive aging, with dementia prevalence 
rates steadily increasing due to both an aging popula-
tion and widespread unhealthy lifestyle habits [169]. 
Cognitive decline is a leading cause of disability in 
older adults in Hungary. Additionally, the country 
ranks among the highest in Europe for cardiovascu-
lar-related mortality, which is closely linked to the 
risk of VCID [170–173]. As the population contin-
ues to age, Hungary is facing a growing burden of 
cognitive decline and dementia, placing substantial 
strain on the healthcare system. The increasing inci-
dence of dementia in Hungary reflects broader public 
health challenges related to unhealthy aging, which is 
largely driven by poor dietary habits, physical inactiv-
ity, and other unfavorable lifestyle factors. Like many 
Central and Eastern European countries, Hungary has 
a high prevalence of risk factors such as hypertension, 
obesity, diabetes, and hyperlipidemia, all of which 
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exacerbate the progression of both AD and VCID. 
These conditions are closely tied to dietary patterns 
that are low in fruits, vegetables, whole grains, and 
healthy fats [174]—key components of the Mediter-
ranean diet. The findings of this meta-analysis pro-
vide a strong foundation for embedding the Mediter-
ranean diet into public health initiatives in Hungary, 
positioning it as an effective, non-pharmacological 
intervention to reduce the risk of cognitive decline, 
dementia, and cardiovascular and cerebrovascular 
diseases. This approach aligns well with Hungary’s 
existing public health research programs, such as the 
Semmelweis Study [175] and the Semmelweis-EUni-
Well Workplace Health Promotion Program, which 
aim to address the causes of unhealthy aging and 
implement targeted interventions. By incorporating 
the Mediterranean diet, these programs could amplify 
their impact, addressing dietary gaps and enhancing 
the health and well-being of aging populations more 
effectively.

Our meta-analysis has provided valuable insights 
into the potential protective effects o f t he Mediter-
ranean diet against cognitive decline and demen-
tia, but several limitations must be acknowledged. 
First, significant h eterogeneity a mong t he i ncluded 
studies complicated the clear interpretation of the 
results. This heterogeneity likely arises from 
dif-ferences in study desing, population 
characteristics, dietary adherence assessment 
methods, and varia-tions in the composition of 
the Mediterranean diet across different regions, as 
the diet is not a mono-lithic entity but rather a 
collection of dietary pat-terns that vary 
significantly. Additionally, other Mediterranean 
lifestyle factors, such as physical activity and 
social engagement, may have con-founded the 
results, making it difficult to isolate the specific 
effects of the diet itself. While it is possible to 
attempt to address these issues through subgroup 
analyses, methodological differences and 
varying population characteristics among the 
studies could still influence the results. Second, 
most of the stud-ies included in this meta-
analysis were observa-tional in nature, which 
limits the ability to draw definitive causal 
inferences. Although observational studies provide 
valuable information, they are inher-ently limited 
by potential confounding variables and biases. 
Therefore, randomized controlled trials are 
needed to strengthen the causal basis of the relation-
ship between the Mediterranean diet and cognitive 

health. Third, the possibility of publication bias 
must be considered. Studies with negative 
results are more likely to be published, which 
could skew the findings of the meta-analysis. 
Although funnel plots and statistical tests did not 
indicate significant publication bias, it remains 
possible that some stud-ies with null or negative 
results were not published. To address this 
limitation, future research should prioritize the 
publication of null or negative results and 
emphasize the importance of preregistering 
study protocols to ensure transparency and 
reduce selective reporting. Finally, the majority of 
studies included in this meta-analysis were 
conducted in Mediterranean or Western 
populations. This raises questions about the 
generalizability of our findings to ethnically 
diverse or non-Mediterranean popula-tions, where 
dietary habits, genetic predispositions, and 
environmental factors may differ significantly. 
Future research should explore the impact of 
adher-ence to Mediterranean dietary patterns in 
non-Med-iterranean regions, particularly in regions 
where the incidence of cognitive decline and 
dementia is high and dietary habits differ 
significantly from the tradi-tional Mediterranean 
lifestyle. This would provide a more 
comprehensive understanding of the diet’s 
broader applicability in preventing 
neurodegen-erative diseases. Tailored 
interventions considering local dietary preferences 
and cultural practices are necessary to optimize 
the diet’s potential benefits globally.

In summary, our meta-analysis confirms 
that adherence to the Mediterranean diet 
significantly reduces the risk of dementia and 
Alzheimer’s disease. This diet, abundant in 
antioxidants, anti-inflammatory nutrients, and 
healthy fats, plays a crucial role in pre-serving 
cognitive function and preventing neurode-
generative diseases. Based on our findings, we 
advo-cate for the inclusion of the Mediterranean 
diet in dietary strategies targeting dementia and 
Alzheimer’s prevention, especially in high-risk 
populations. Fur-ther research is needed to identify 
the specific compo-nents of the Mediterranean diet 
that most effectively prevent cognitive decline and 
to explore the duration and extent of its 
neuroprotective benefits. Future ran-domized 
controlled trials are essential to validate the 
effectiveness of dietary interventions and to 
explore how the Mediterranean diet may be 
optimally com-bined with other preventive measures 
to further miti-gate the risk of dementia and 
Alzheimer’s disease.
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