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A B S T R A C T

Background: Neurological diseases, including Alzheimer’s disease, depression, and Parkinson’s disease,
pose a growing public health challenge. Dietary patterns, particularly the Mediterranean diet (MD),
have been proposed as modifiable factors for prevention. The aim of this systematic review and meta-
analysis was to evaluate the association between adherence to the MD and the risk or progression of
neurological conditions.
Methods: This review was conducted in accordance with PRISMA 2020 and MOOSE guidelines. A comprehen-
sive search of PubMed/MEDLINE, Scopus, Embase, and Cochrane Library was performed up to February 28,
2024. Study quality was assessed using the Newcastle�Ottawa Scale, and the certainty of evidence was eval-
uated with the NUTRIGRADE approach. Pooled effect sizes were computed using a random-effects model
and expressed as risk ratios (RR), hazard ratios, or odds ratios, as appropriate.
Results: Forty-five studies involving over 730 000 participants were included. Higher MD adherence was
associated with reduced risk or prevalence of Alzheimer’s disease (odds ratios = 0.92), mild cognitive
impairment (RR = 0.93), depression (RR = 0.96), and Parkinson’s disease (RR = 0.90), with moderate certainty
of evidence. Limited evidence suggested reduced anxiety and lower mortality among patients with Alz-
heimer’s disease. No significant associations were observed for dementia prevalence or progression from
mild cognitive impairment to dementia.
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Conclusions: Greater adherence to the MD is consistently associated with a lower risk of several neurological
and mental health conditions. These findings support the promotion of MD-based dietary patterns in clinical
and public health strategies to prevent cognitive decline and enhance healthy aging.

© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
Introduction

The Mediterranean diet (MD) is a dietary pattern traditionally
observed in countries bordering the Mediterranean Sea. It is char-
acterized by a high intake of plant-based foods, including vegeta-
bles, fruits, legumes, nuts, and whole grains. Extra virgin olive oil is
the principal source of fat, providing a high proportion of monoun-
saturated fatty acids [1,2]. The diet also includes moderate con-
sumption of fish, seafood, eggs, white meat, milk, and dairy
products. By contrast, red and processed meats as well as sweets
are consumed only occasionally and in limited amounts [3]. A dis-
tinctive feature of the MD is the preference for fresh, seasonal,
minimally processed, and locally sourced foods. Beyond its nutri-
tional profile, the MD reflects a broader lifestyle that incorporates
regular physical activity, adequate rest, and conviviality. It aligns
with principles of environmental sustainability, biodiversity, and
respect for cultural and agricultural traditions. As such, it is not
only a model for healthy eating but also a sociocultural heritage. It
promotes well-being across generations and fosters social cohesion
through shared meals and community practices [4]. The MD is rich
in antioxidants, unsaturated fats, and fiber, and has been associ-
ated with favorable metabolic, anti-inflammatory, and cardiopro-
tective effects [5,6].

Neurological diseases have a significant and growing epidemio-
logical impact worldwide. Neurological disorders are the second
leading cause of death and the leading cause of disability-adjusted
life years worldwide. Conditions, such as stroke, Alzheimer’s dis-
ease, Parkinson’s disease, epilepsy, and migraine, contribute
heavily to this burden [7,8]. For example, dementia, primarily Alz-
heimer’s disease, affects over 55 million people globally (as of
2024), with numbers expected to triple by 2050 [7,9]. Neurological
conditions are of significant importance, particularly from a public
health perspective, given that many of them remain untreatable.

Previous meta-analyses have demonstrated that higher adher-
ence to the MD is associated with a lower risk of some neurological
conditions, such as dementia [10] or depression [11]. Nonetheless,
these meta-analysis were limited to prospective studies. Since
then, additional large-scale prospective studies have emerged.
Therefore, there is a need for an updated synthesis of the evidence
using robust methodology and comprehensive subgroup analyses
to account for potential sources of heterogeneity [12].

Therefore, this systematic review and meta-analysis, conducted
within the framework of the Italian guidelines on MD, aims to criti-
cally evaluate and quantitatively synthesize evidence from obser-
vational and intervention studies assessing the association
between adherence to the MD and neurological conditions. This
analysis provides an updated pooled estimate, grade strengths of
evidence, and offer insights to inform dietary recommendations
and public health policies aimed at reducing the impact of neuro-
logical diseases and promoting healthy aging.
Materials and methods

This systematic review and meta-analysis were conducted in accordance with
the methodological framework outlined by the Cochrane Collaboration [13] and
reported following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 (PRISMA 2020) and the Meta-analysis of Observational Stud-
ies in Epidemiology (MOOSE) guidelines [14]. The study protocol was defined a
priori and agreed upon by all members of the research team. It was subsequently
published in the website of the Italian National System of Guidelines (Sistema
Nazionale Linee Guida—SNLG) [15�17].

Literature search strategy

A comprehensive literature search was performed concurrently in Cochrane
Library, PubMed/Medline, Scopus, and Embase on February 28, 2024, without any
temporal filtering. The search was guided by the question: “Is greater adherence
to the MD associated with a reduced risk of neurological disease and their compli-
cations?” The strategy incorporated two conceptual domains: MD adherence
(exposure), and neurological diseases (outcome). Both Medical Subject Headings
(MeSH) and free-text terms were utilized and combined using Boolean operators
(AND/OR). The initial query was developed for PubMed/MEDLINE and then
adapted for the other databases. The complete search strategies are provided in
Supplementary Table 1. Two independent reviewers conducted the search in a
blinded fashion, retrieving the same number of records. To identify additional rele-
vant studies, reference lists of included articles were manually screened, and
domain experts were consulted.
Eligibility criteria

Studies were selected based on the PECOS framework (Population, Exposure,
Comparison, Outcome, Study design). Studies were considered eligible for inclu-
sion if they investigated whether adherence to the MD is associated with a reduc-
tion in neurological diseases and their complications. The population of interest
encompassed individuals of all age groups, with or without neurological diseases.
The exposure was defined as adherence to the MD, assessed using any method or
dietary index, whether validated or not. In interventional studies, the comparator
was represented by any other type of dietary pattern, whereas in observational
studies, comparisons were made between individuals with high versus low adher-
ence to the MD. The primary outcomes of interest were risk of dementia (total,
specific: Alzheimer’s disease, vascular dementia, other forms), mild cognitive
impairment (MCI), Parkinson’s disease and Parkinsonisms, multiple sclerosis, epi-
lepsy, headache, peripheral neuropathies, anxiety, and depression. However, we
were also interested in assessing the association between MD and risk of compli-
cation among patients with neurological diseases; therefore, secondary outcomes
were: mortality (total and disease-specific for neurological conditions), quality of
life, disease-specific severity scales, inflammatory profile (serum C-reactive pro-
tein levels), body composition (lean mass and fat mass), and microbiota composi-
tion. Eligible study designs included randomized controlled trials (RCTs), pre-post
intervention studies, prospective and retrospective cohort studies, case-control
studies, and cross-sectional studies. Only articles published in English and Italian,
in peer-reviewed scientific journals, were included. Exclusion criteria encom-
passed non-original studies, studies assessing other dietary patterns or outcomes
unrelated to neurological diseases or their complications, non-English or non-Ital-
ian publications, and non-peer-reviewed sources. A detailed list of inclusion and
exclusion criteria is available in Supplementary Table 2.
Study selection and data extraction

Study selection followed a two-step process. Initially, couples of two indepen-
dent reviewers screened titles and abstracts based on the predefined criteria.
Study selection was conducted using Covidence (Veritas Health Innovation, Mel-
bourne, Australia), a web-based platform designed to streamline the systematic
review process. Full-text articles were retrieved for all potentially relevant records.
Eligibility was reassessed through full-text review, and disagreements were
resolved through discussion or, if needed, adjudicated by a third senior researcher.
Covidence automatically recorded decisions and facilitated the removal of dupli-
cates and documentation of reasons for exclusion at the full-text stage.

Data extraction was performed independently by couples of two reviewers
using a standardized and pilot-tested Excel spreadsheet (Microsoft Excel for
Microsoft 365 MSO, 2019). The spreadsheet was pretested on a random sample of
five studies to ensure consistency. Extracted information included: first author,
publication year, study design, country of study, participants’ demographics, sam-
ple size, age, percentage of women, follow-up duration, MD adherence scoring
system, control/comparison diet, number of adjustment variables, and outcomes.
Discrepancies were resolved through consensus.

http://creativecommons.org/licenses/by/4.0/
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Data synthesis

Following PRISMA 2020 recommendations, the study selection process was
visualized using a flow diagram that recorded the number of studies excluded at
each stage and reasons for exclusion at the full-text review level. Extracted data
were synthesized both narratively and in tabular form. Moreover, the contents of
this systematic review were reported in accordance with established methodolog-
ical standards. Given the potential biases inherent in nutritional epidemiology—
such as recall bias in dietary assessment [18]—the quality of evidence was assessed
using the NUTRIGRADE approach, which is specifically designed to evaluate the
certainty of evidence in nutrition research. Statistical results are presented using
both tables and graphical formats.

Quality assessment

The methodological quality of the included studies was assessed using tools
appropriate to their study design. For observational studies (cohort, case-control,
and cross-sectional), the Newcastle�Ottawa Scale (NOS) was applied to evaluate
the risk of bias across three domains: selection of study groups, comparability of
groups, and outcome or exposure assessment [19]. For RCTs and other interven-
tional studies, the Cochrane Risk of Bias tool (RoB 2.0) was employed, which
assesses potential sources of bias across domains such as randomization process,
deviations from intended interventions, missing outcome data, measurement of
the outcome, and selection of the reported result [13]. Quality assessment was
conducted independently by two reviewers, and any discrepancies were resolved
through discussion or consultation with a third reviewer.

Statistical analysis

A meta-analysis was conducted to estimate the overall association between
higher MD adherence and risk of neurological diseases and their complications. To
reduce the heterogeneity about the adherence to MD, pooled risks of the endpoint
were computed for an increase in one point in the scale originally reported in the
works included. If these estimates were not reported in the original studies, they
were calculated as the inverse variance-weighted mean of the logarithm of risk
ratio (RR) [20]. Pooled effect size was reported as RR if reported in different nature
(e.g., RRs, hazard ratios [HRs], odds ratios [ORs]). Random-effect models were
employed. Heterogeneity was assessed using the I2 statistic, with thresholds
defined as follows: �75% (high), 50% to 74% (moderate), 25% to 49% (low), and
<25% (none). Potential publication bias was evaluated through funnel plot inspec-
tion and Egger’s regression test (significance level: P < 0.10). All analyses were
performed using STATA 16.0.

Sensitivity analysis

Sensitivity analysis was conducted stratifying by study design (trials, cohort,
and case-control, cross-sectional).

Assessment of the level of evidence

For observational studies, we reported associations between higher adherence
to the MD and the outcome of interest based on multivariate analyses, whilst for
RCTs, original data were extracted. To evaluate the quality of the body of evidence,
the NUTRIGRADE system was employed as an alternative to the traditional GRADE
approach. NUTRIGRADE was specifically developed to address the methodological
challenges inherent in nutritional and diet-related research, such as the limited
feasibility of long-term RCTs, the heterogeneity of dietary exposures, and the com-
plex interplay between diet, lifestyle, and health outcomes [21].

This approach was chosen to provide a more context-appropriate and rigorous
appraisal of evidence in the field of nutrition science. NUTRIGRADE allows for the
incorporation of nutrition-specific variables, such as exposure assessment quality,
residual confounding, and adherence to dietary interventions, which are often not
adequately addressed using standard evidence grading tools, such as GRADE [22].

The NUTRIGRADE scoring system assigns a score from 0 to 10 to each body of
evidence, which corresponds to four levels of quality: high (8�10), moderate
(6�7), low (4�5), and very low (0�3). Higher scores indicate greater confidence in
the effect estimates and their applicability to real-world settings. A total of eight
domains were evaluated as part of the NUTRIGRADE framework. Six domains can
lead to a downgrading of evidence quality:

(1) Risk of bias, assessed using tools appropriate for study design (e.g., the NOS for
observational studies and the Cochrane Risk of Bias tool for interventional
studies);

(2) Study design, with prospective cohort studies considered more robust than
cross-sectional or retrospective designs;

(3) Consistency of results, evaluating heterogeneity across studies in terms of pop-
ulations, interventions, and outcomes;
(4) Imprecision, particularly in studies with small sample sizes or wide confidence
intervals;

(5) Outcome relevance, assessing the clinical or public health importance of the
measured outcomes;

(6) Publication bias, identified through visual and statistical methods.

Three additional factors were considered for upgrading the quality of
evidence:

(1) Effect size, particularly when large and clinically meaningful;
(2) Dose-response relationship, including linear and non-linear trends in adher-

ence scores, often operationalized through one-point increases in MD scores to
enhance comparability across studies (as previously adopted by Sofi et al.
[23]);

(3) Control of residual confounding, which is especially relevant in nutritional epi-
demiology, where dietary habits may correlate with multiple socio-demo-
graphic and lifestyle variables.

Taken together, the NUTRIGRADE system provided a structured and tailored
approach to assessing the certainty of evidence in support of conclusions drawn
regarding the association between MD adherence and neurological conditions.
Results

Study selection

A total of 6197 records were initially identified through data-
base and registers searches. After the removal of 3118 duplicates,
3079 records remained for title and abstract screening. Of these,
632 studies were excluded for not meeting the inclusion criteria.
The full texts of 2892 studies were assessed for eligibility. Among
these, 181 were excluded for the following reasons: wrong out-
comes (n = 76), wrong study design (n = 85), wrong patient popula-
tion (n = 9), wrong comparator (n = 5), wrong intervention (n = 5),
and language (n = 1). No additional studies were identified through
citation searching or grey literature sources. Ultimately, 45 studies
met the eligibility criteria and were included in the review. Specifi-
cally, 43 studies assessed the association between adherence to
MD and risk of neurological diseases [24�66], whereas 2 studies
assessed the association between adherence to MD and neurologi-
cal diseases complications [28,38]. No studies were excluded due
to unavailability of full text, and no ongoing or awaiting-classifica-
tion studies were identified. The details are illustrated in the flow
diagram (Fig. 1).
Main characteristics of included studies

This systematic review included observational and interven-
tional studies evaluating the association between adherence to
the MD and various neurological and mental health outcomes,
including incidence and prevalence of Alzheimer’s disease,
dementia, Parkinson’s disease, depression, anxiety, and MCI.
The totality of evidence encompassed a broad range of study
designs (cross-sectional, cohort, case-control, and one RCT) and
populations, with follow-up durations ranging from 18 mo to
29 y and sample sizes spanning from a few hundred to over
100 000 individuals.

Participants were mainly adults from the general popula-
tion. Descriptive characteristics of included studies are reported
in Supplementary Table 3. The effect measures explored
included a total of six outcomes: incidence of Alzheimer’s dis-
ease, prevalence of anxiety, prevalence and incidence of MCI,
incidence and prevalence of dementia, incidence and preva-
lence of depression, and incidence and prevalence of Parkin-
son’s disease (as detailed below). The certainty of the evidence,



Fig. 1. Flow diagram depicting the selection process.
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assessed using the NUTRIGRADE approach, is reported in
Table 1.

Incidence of Alzheimer’s disease

Six cohort and case-control studies [24�29], involving a total of
36 140 participants, examined the incidence of Alzheimer’s disease
over follow-up periods ranging from 4 to 20 y. During follow-up,
1928 participants developed the condition. The pooled analysis of
these studies showed a reduced risk of developing Alzheimer’s dis-
ease when comparing high versus low adherence to the MD
(OR = 0.92, 95% CI: 0.87�0.98, per one-point increase in adher-
ence), with a moderate level of evidence according to the NUTRI-
GRADE.

Prevalence of anxiety

Six cross-sectional studies [30�35], involving 5902 partici-
pants, assessed the prevalence of anxiety, with 528 cases recorded.
The pooled analysis showed a reduced risk of anxiety in
participants with higher adherence to the MD (OR = 0.89, 95% CI:
0.82�0.97, per one-point increase in adherence), with a moderate
level of evidence according to the NUTRI-GRADE.

Prevalence and incidence of MCI

One cross-sectional study [36], including 883 participants,
examined the prevalence of MCI. The analysis showed a reduced
risk of MCI in participants with higher adherence to the MD
(OR = 0.89, 95% CI: 0.80�0.99, per one-point increase in adher-
ence), with a moderate level of evidence according to the NUTRI-
GRADE.

Four cohort and case-control studies [25,37�39], involving
9671 participants, assessed the incidence of MCI over follow-up
periods ranging from 18 mo to 9 y. During follow-up, 1072 partici-
pants developed MCI. The combined analysis revealed a reduced
risk of developing Alzheimer’s disease in individuals with higher
adherence to the MD (RR = 0.93, 95% CI: 0.88�0.98, per one-point
increase), with a moderate level of evidence according to the
NUTRI-GRADE.



Table 1
NUTRIGRADE assessment of the outcomes included

Number
of studies

Study
design

Total
sample
size

Number
of events

Measure Effect 95% low
interval

95% high
interval

Risk of
distortion

Precision Lack of
reproducibility

Lack of
generalizability

Publication
bias

Financial
bias

Effect
size

Dose/
response
gradient

Score
NUTRIGRADE

Certainty Relevance

Incidence of Alzheimer’s disease

6 Cohort and case-control 36 140 1928 RR 0.92 0.87 0.98 2 1 0.2 1 0 1 0 1 6.2 ⨁⨁⨁�
MODERATE

CRITICAL

Prevalence of anxiety
6 Cross-sectional 5902 528 OR 0.89 0.82 0.97 2 1 0.2 1 0.5 1 0 1 6.7 ⨁⨁⨁�

MODERATE
CRITICAL

Prevalence of mild cognitive impairment
1 Cross-sectional 883 n.a. OR 0.89 0.8 0.99 2 1 0.2 1 0 1 0 1 6.2 ⨁⨁⨁�

MODERATE
CRITICAL

Incidence of mild cognitive impairment (follow-up: 18 mo to 9 y)
4 Cohort and case-control 9671 1072 RR 0.93 0.88 0.98 2 1 0.5 1 0 1 0 1 6.5 ⨁⨁⨁�

MODERATE
CRITICAL

Incidence of dementia (follow-up: 3�21 y)
11 Cohort and case-control 246 915 1249 RR 0.98 0.95 1.004 2 1 0.2 1 1 1 0 0 6.2 ⨁⨁⨁�

MODERATE
CRITICAL

Prevalence of dementia
2 Cross-sectional 6765 1857 OR 0.98 0.88 1.1 2 0 0.2 1 0 1 0 0 4.2 ⨁⨁��

LOW
CRITICAL

Prevalence of depression
12 Cross-sectional 44 135 5046 OR 0.91 0.87 0.95 2 1 0.2 1 1 1 0 0 6.2 ⨁⨁⨁�

MODERATE
CRITICAL

Incidence of depression (follow-up: 3�20 y)
7 Cohort 84 932 6121 RR 0.96 0.94 0.97 2 1 0.5 1 0.5 1 0 1 7 ⨁⨁⨁�

MODERATE
CRITICAL

Incidence of depression (Med diet vs. low-fat; follow-up: 5.4 y)
1 RCT 3923 59 HR 0.91 0.67 1.24 2 0 0.2 1 0 1 0 0 4.2 ⨁⨁��

LOW
CRITICAL

Incidence of Parkinson’s (follow-up: 3�20 y)
5 Cohort 237 320 637 RR 0.9 0.83 0.97 2 1 0.2 1 0 1 0 1 6.2 ⨁⨁⨁�

MODERATE
CRITICAL

Prevalence of Parkinson’s
3 cross-sectional 6446 468 RR 0.93 0.85 1.03 2 0 0.2 1 0 1 0 0 4.2 ⨁⨁��

LOW
CRITICAL

n.a., not available; RCT, randomized clinical trial; vs., versus.
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Prevalence and incidence of dementia

Two cross-sectional studies [40,41], involving 6765 partici-
pants, assessed dementia prevalence. A total of 1857 events
were recorded. The analysis did not reveal significant differen-
ces in the prevalence of dementia between high and low
adherence to the MD (OR = 0.98, 95% CI: 0.88�1.10, per one-
point increase), with a low level of evidence according to the
NUTRI-GRADE.

Eleven cohort and case-control studies [24,26,37,40�47],
involving 246 915 participants, evaluated the incidence of demen-
tia over follow-up periods ranging from 3 to 12 y. During follow-
up, 1249 participants developed dementia. The pooled analysis
showed a lower risk of dementia in individuals with higher adher-
ence to the MD (RR = 0.98, 95% CI: 0.95�1.005, per one-point
increase), with a moderate level of evidence according to the
NUTRI-GRADE.

Prevalence and incidence of depression

Twelve cross-sectional studies [30�36,48�52], involving 44
135 participants, analyzed the prevalence of depression, with 5046
cases recorded. The analysis showed a reduced risk of depression
in participants with higher MD adherence (OR = 0.91, 95% CI:
0.87�0.95, per one-point increase), with a moderate level of evi-
dence according to the NUTRI-GRADE.

Seven cohort studies [50,52�58], including 84 932 participants,
assessed the incidence of depression over follow-up periods rang-
ing from 3 to 20 y. A total of 6121 participants developed depres-
sion. The pooled analysis showed a reduced risk of depression in
participants with higher adherence to the MD (RR = 0.96, 95% CI:
0.94�0.97, per one-point increase), with a moderate level of evi-
dence according to the NUTRI-GRADE.

Finally, one RCT was identified, conducted in high cardiovascu-
lar risk patients within the PREDIMED study [59]. The study
included 3923 participants. Over 5.4 y of follow-up, 59 participants
were diagnosed with depression. The analysis did not show signifi-
cant differences in depression risk between the MD group (supple-
mented with extra virgin olive oil or nuts) and the low-fat control
group (HR = 0.91, 95% CI: 0.67�1.24), with a low level of evidence
according to the NUTRI-GRADE.

Prevalence and incidence of Parkinson’s disease

Three cross-sectional studies [60�62], involving 6446 partici-
pants, assessed the prevalence of Parkinson’s disease. A total of
468 cases were reported. The pooled analysis did not show signifi-
cant differences in Parkinson’s prevalence between high and low
adherence to the MD (OR = 0.93, 95% CI: 0.85�1.03, per one-point
increase), with a low level of evidence according to the NUTRI-
GRADE.

Five cohort studies [55,63�66], involving 237 310 partici-
pants, analyzed the incidence of Parkinson’s disease. A total of
637 events were reported. The analysis showed a lower risk of
Parkinson’s disease in participants with higher adherence to
the MD (OR = 0.90, 95% CI: 0.83�0.97, per one-point increase),
with a moderate level of evidence according to the NUTRI-
GRADE.

Mortality

A cohort study [28], involving 192 elderly individuals with Alz-
heimer’s disease, assessed mortality over a 4.4-y follow-up period.
A total of 85 deaths were recorded. The analysis showed a
significantly lower risk of mortality in individuals with higher
adherence to the MD (HR = 0.76; 95% CI: 0.65�0.89, per one-point
increase in MD adherence), with a moderate level of evidence
according to the NUTRI-GRADE.

Progression from MCI to dementia

A cohort study [38], involving 482 individuals with MCI, evalu-
ated the progression from MCI to Alzheimer’s disease. The analysis
did not show significant differences in the risk of progression
between high and low adherence to the MD (HR = 0.89; 95% CI:
0.78�1.02, per one-point increase in MD adherence), with a low
level of evidence according to the NUTRI-GRADE.

Risk of bias, study quality, and study limitations (0�2
points): 2 points are awarded if the mean Newcastle�Ottawa score
for a comparison is �7 or if other criteria are met.

Accuracy (0�1 point): 1 point if �500 events and 95% CI
excludes the null value or if �500 events and 95% CI overlaps with
the null value but excludes a major benefit or harm (RR <0.8 or
>1.2).

Heterogeneity (lack of reproducibility of results) (0�1 point):
1 point if �10 studies, measures of heterogeneity adequately
reported, no major heterogeneity found, or otherwise subgroup/
sensitivity analysis conducted.

Lack of generalizability (0�1 point): 1 point if no significant
differences population or intervention; relevant clinical outcome.

Publication bias (0�1 point): One point is awarded if there is
no evidence of publication bias based on statistical tests or visual
inspection of funnel plots (10 or more studies).

Funding bias (0�1 point): 1 point if funded by an academic or
research institution; 0 points if funded by private sponsors such as
pharmaceutical companies.

Effect size (0�2 points): 2 points if RR < 0.5 or > 2.0 and the
corresponding test is statistically significant (highest vs. lowest
category).

Dose-response (0�1 point): 1 point if there is a significant lin-
ear/non-linear dose-response relationship in prospective cohort
studies.

Quality assessment

All included studies were rated as high quality based on the
NOS, with scores ranging from 7 to 9 out of 9. These results support
the methodological robustness of the included literature and pro-
vide a strong basis for further synthesis of the associations
between adherence to the MD and the risk or prevalence of
immune-mediated inflammatory diseases. Results are shown in
Supplementary Table 3.

Discussion

Interpretation of the main results

The present systematic review and meta-analysis provides a
comprehensive and updated synthesis of the association between
adherence to the MD and the risk or progression of neurological
and mental health conditions. Overall, the findings demonstrate
that greater adherence to the MD is consistently associated with a
reduced risk or prevalence of Alzheimer’s disease, MCI, depression,
and, to a lesser extent, Parkinson’s disease. These associations
were generally supported by moderate-quality evidence, reinforc-
ing the robustness of the observed protective effects.

Although the effect sizes appear modest (typically ranging from
7% to 10% RR reduction per one-point increase in adherence), their
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consistency across diverse populations, study designs, and follow-
up durations suggests that the observed associations are unlikely
to be due to chance alone. In the context of public health, even
small reductions in RR can translate into substantial benefits at the
population level, particularly given the high prevalence and grow-
ing burden of neurodegenerative and psychiatric disorders world-
wide. For example, delaying the onset of dementia or depression
by only a few years could significantly reduce healthcare costs and
improve quality of life for millions of individuals.

Importantly, the protective associations were more evident for
Alzheimer’s disease, MCI, depression, and Parkinson’s disease,
while the evidence for dementia prevalence and progression from
MCI to Alzheimer’s disease was less conclusive. These differences
may be attributed to several factors, including heterogeneity in
diagnostic criteria, variability in MD adherence scoring systems,
differences in follow-up duration, and potential reverse causality
in cross-sectional designs. It is also possible that the MD exerts a
stronger influence in the earlier stages of neurodegeneration and
mood disorders, whereas its effects may be attenuated once the
disease process is advanced.

The observed protective role of the MD on depression, sup-
ported by both cross-sectional and prospective studies, highlights
the potential of dietary patterns not only for cognitive but also for
mental health. This aligns with emerging research in nutritional
psychiatry suggesting that diet quality is an important determinant
of psychological well-being. The protective associations for Parkin-
son’s disease, although less extensively studied, are consistent
with the hypothesis that dietary factors modulate neuroinflamma-
tory and neurodegenerative pathways involved in motor
disorders.

Overall, the consistency of results across multiple neurological
outcomes, the moderate level of certainty of evidence, and the bio-
logical plausibility provided by mechanistic studies underscore the
MD as a promising strategy for the prevention of neurological
decline and the promotion of healthy aging. However, the hetero-
geneity in effect sizes and methodological approaches across stud-
ies highlights the need for cautious interpretation and for further
high-quality prospective and interventional research.
Potential biological mechanisms

The inverse association observed between adherence to the MD
and neurological conditions is biologically plausible and supported
by multiple, interrelated mechanisms that influence chronic dis-
ease development and overall health [67�70]. The MD is charac-
terized by a high intake of antioxidant-rich plant foods (e.g., fruits,
vegetables, legumes, nuts, and whole grains), unsaturated fats
from extra virgin olive oil, and moderate consumption of fish.
Together, these components create a synergistic matrix of bioac-
tive compounds, as described below.
Anti-inflammatory and antioxidant effects
The MD is rich in polyphenols, carotenoids, flavonoids, and vita-

mins C and E, which exert potent antioxidant effects [71]. These
compounds reduce oxidative stress, a key contributor to cellular
aging and the pathogenesis of chronic diseases such as neurode-
generative ones. Concurrently, omega-3 fatty acids from fish and
monounsaturated fats from olive oil have been shown to suppress
pro-inflammatory pathways by downregulating cytokines such as
TNF-a, IL-6, and CRP [72]. These anti-inflammatory effects may
contribute to the reduction in systemic inflammation and endothe-
lial dysfunction, both of which are associated with increased mor-
tality risk [73�75].
Cardiometabolic modulation
The MD improves lipid profiles by increasing HDL cholesterol

and reducing LDL cholesterol and triglycerides [76]. It is also asso-
ciated with better glycemic control, improved insulin sensitivity,
and reduced risk of metabolic syndrome and type 2 diabetes
[77,78]. These cardiometabolic benefits translate into a lower inci-
dence of cardiovascular events. This, in turn, benefit for brain
health. Furthermore, the MD’s high fiber content supports weight
management and attenuates postprandial glucose and lipid excur-
sions, thereby reducing cumulative metabolic burden over time
[79].

Gut microbiota modulation
Emerging evidence suggests that the MD positively influences

gut microbiota composition. It promotes the growth of beneficial
bacteria such as Bifidobacterium and Lactobacillus species, while
reducing the abundance of pro-inflammatory microbial taxa [80].
This microbial shift may enhance the production of short-chain
fatty acids (e.g., butyrate), which have anti-inflammatory, immu-
nomodulatory, and metabolic regulatory effects. A healthier gut
microbiome has been linked to improved immune function,
reduced systemic inflammation. It may also protect against various
age-related diseases, including neurodegenerative ones [81].

Hormonal and epigenetic influences
Bioactive components of the MD, including polyphenols, may

influence gene expression through epigenetic modifications such
as DNA methylation and histone acetylation [82]. These effects
have been observed in pathways related to lipid metabolism,
inflammation, and oxidative stress [83]. Additionally, the MD may
influence hormonal axes involved in aging and longevity [84]. One
example is the insulin/IGF-1 signaling pathway, which has been
implicated in the regulation of lifespan and age-related disease
risk [85].

Public health implications

This systematic review and meta-analysis provide robust and
consistent evidence supporting the protective effect of adherence
to the MD. These benefits apply to both the primary and tertiary
prevention of neurological conditions. This has substantial implica-
tions for public health strategies globally.

First, the consistent inverse association observed across diverse
geographic, demographic, and cultural contexts underscores the
generalizability of the MD. This strengthens its role as a model for
population-wide dietary recommendations. The inclusion of stud-
ies from both Mediterranean and non-Mediterranean countries
strengthens the external validity of these findings. It also supports
the feasibility of promoting MD principles in varied sociocultural
settings [86,87]. Second, the preventive potential of the MD is par-
ticularly relevant given the global burden of Noncommunicable
Diseases, which account for more than 70% of worldwide deaths
[88]. As diet is a major modifiable risk factor for Noncommunicable
Diseases [89], integrating MD principles into national dietary
guidelines and health promotion programs may serve as a highly
effective strategy to reduce premature mortality, enhance life
expectancy, and improve population-level health outcomes [90].
Moreover, the MD’s alignment with sustainability principles by
emphasizing plant-based, minimally processed, and locally
sourced foods. This offers the dual advantage: improving health
while reducing environmental impact. It also reinforces the MD as
a holistic model consistent with the objectives of planetary health
and the Sustainable Development Goals (SDGs), particularly those
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related to health (SDG 3), sustainable consumption (SDG 12), and
climate action (SDG 13) [91].

Public health interventions should therefore prioritize educa-
tional campaigns, policy actions (e.g., subsidies for fruits, vegeta-
bles, and olive oil), and structural changes in food environments (e.
g., reformulation of processed products, urban food policies) that
facilitate MD adherence. Particular attention should be given to
reaching vulnerable populations. These include older adults, indi-
viduals with lower socioeconomic status, and those living in food
deserts, to ensure equitable access to healthy dietary patterns
[92�95].

Finally, these results support the continued monitoring and
promotion of the MD within clinical settings, particularly as part of
preventive care for chronic disease risk reduction. Integration of
MD adherence assessment into routine healthcare, nutrition coun-
selling, and digital health tools may enhance early dietary inter-
vention. It could also promote, and long-term adherence, with
positive implications for individual and population health trajecto-
ries [96].
Future directions

Despite the compelling evidence supporting the protective
association between adherence to the MD and reduced risk of neu-
rological conditions, such as Alzheimer’s disease and depression,
several research gaps remain. These warrant further investigation.
First, while this review synthesized findings from a large number
of observational cohort studies. However, there is a pressing need
for long-term RCTs with rigorous dietary assessment and follow-
up to strengthen causal inference. Observational designs have
inherent limitations, including residual confounding, selection
bias, and measurement error in self-reported dietary data. Well-
designed RCTs would provide higher-quality evidence on the effec-
tiveness of the MD in reducing mortality and chronic disease inci-
dence. Moreover, several of these observational studies did not
incorporate the assessment, during the follow-up period, of the
adherence to MD. Second, standardization of MD adherence indi-
ces is critical. The current heterogeneity in scoring systems, cut-off
definitions, and inclusion of dietary components across studies
limits comparability. This also hinders the formulation of uniform
recommendations. Future research should prioritize the develop-
ment and validation of harmonized MD adherence tools. These
tools should be applicable across diverse populations and dietary
cultures, with the potential to be integrated into clinical practice
and public health monitoring systems [69]. Third, studies exploring
the biological pathways through which the MD exerts its protec-
tive effects are needed. Existing literature highlights anti-inflam-
matory [97], antioxidant [98], and cardiometabolic mechanisms
[99]. However, further research should focus on integrative
approaches—including metabolomics, epigenetics, and gut micro-
biome analyses—to elucidate how diet interacts with physiological
systems over time to influence longevity and disease risk.

Moreover, implementation science research is essential to
understand the most effective strategies for promoting MD adher-
ence in real-world settings [100]. This includes evaluating the
impact of food policy interventions, digital health tools, social pre-
scribing, and community-based programs. These initiatives should
aim to increase access to and acceptability of MD components,
especially among underserved or low-income populations.

Lastly, future investigations should consider the synergistic role
of the Mediterranean lifestyle. This includes not only dietary hab-
its, but also physical activity, social interaction, meal conviviality,
and rest. Holistic research frameworks integrating these lifestyle
dimensions may offer a more accurate representation of the MD’s
full impact on health and mortality [101].

Strengths and limitations

This systematic review and meta-analysis have several
strengths. First, it was conducted in accordance with established
methodological standards, including PRISMA 2020 and MOOSE
guidelines, and followed a predefined protocol registered in the
Italian National System of Guidelines (SNLG). Second, it employed
a comprehensive and reproducible search strategy across multiple
databases without temporal restrictions, supported by rigorous
screening and data extraction procedures carried out indepen-
dently by multiple reviewers. Third, the use of one-point incre-
ment pooled estimate allowed for standardized comparisons
across heterogeneous MD scores. The methodological quality of
included studies was assessed using validated tools (NOS and RoB
2.0), and the certainty of evidence was graded with the NUTRI-
GRADE system, which is specifically tailored for nutrition research.

Nonetheless, some limitations should be acknowledged. The
analysis is based mainly on observational studies, which precludes
causal inference and may be subject to residual confounding and
selection bias, despite multivariable adjustments. In this sense, the
results of the only RCT that we were able to find did not support
any significant effect of MD about neurological outcomes. The het-
erogeneity of MD adherence indices and variability in the number
and type of covariates adjusted for across studies may have intro-
duced inconsistency in the pooled estimates. Dietary assessment
methods, typically reliant on self-reported food frequency ques-
tionnaires, are prone to recall and reporting biases. Furthermore,
the presence of publication bias could not be fully excluded,
despite visual and statistical evaluation. Finally, although subgroup
analyses were performed to explore sources of heterogeneity, no
important differences between older and younger people and
between men and women were observed. In this sense, differences
in study design, follow-up duration, population characteristics,
and regional dietary patterns may still limit the comparability of
results.

Conclusions

This systematic review and meta-analysis provide comprehen-
sive and moderately strong evidence that higher adherence to the
MD is associated with a reduced risk or prevalence of several neu-
rological and mental health conditions, including Alzheimer’s dis-
ease, MCI, depression, and Parkinson’s disease. These findings
reinforce the MD as a viable, sustainable, and health-promoting
dietary pattern with significant public health implications. Future
high-quality RCTs and standardized tools for dietary adherence
assessment are essential to validate and expand upon these
results.
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