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Abstract 

Neurodegenerative diseases such as Alzheimer's disease (AD) and Parkinson's disease (PD) are 
increasingly understood as systemic disorders driven by chronic neuroinflammation, metabolic 
dysregulation, and barrier dysfunction, which interact dynamically along the gut–immune–brain 
axis. The Mediterranean diet rich in plant-based foods, olive oil, and fish, is consistently associated 
with reduced cognitive decline and neurodegeneration risk. This review synthesizes recent advances 
to present a comprehensive framework illustrating how the Mediterranean diet functions as a 
systems-level modulator. Mechanistically, the Mediterranean diet remodels the gut microbiota, 
enhancing the production of bioactive metabolites like SCFA-producing bacteria (SCFAs). These 
metabolites serve as key signaling mediators that reinforce intestinal barrier integrity, reduce 
systemic inflammation, and subsequently modulate central processes. Within the central nervous 
system, diet-derived cues influence neuroinflammation by reprogramming microglial and astrocytic 
states, support mitochondrial function and proteostasis, and help maintain blood–brain barrier (BBB) 
stability. Disease-specific insights for AD and PD highlight the diet's role in modulating hallmark 
pathologies such as Amyloid Beta (Aβ), tau, and α-synuclein aggregation. Emerging multi-omics 
technologies—including single-cell/spatial transcriptomics and microbiome profiling—are reshaping 
the field, offering unprecedented resolution to dissect these pleiotropic effects. Ultimately, while the 
Mediterranean diet presents a promising neuroprotective strategy, individual responses vary based 
on genetics, microbiome, and metabolic context. The integration of these technologies is pivotal for 
transitioning from generalized dietary advice to precision nutrition approaches tailored to individual 
patient profiles, positioning the Mediterranean diet not merely as a diet but as a programmable 
intervention for neuro-immune and metabolic network modulation. Key challenges remain, 
including the need for more randomized controlled trials (RCTs) and standardized frameworks for 
multi-omics integration. 

Keywords: neurodegenerative diseases; Mediterranean diet; neuroinflammation; gut–immune–brain 
axis; gut microbiota; precision nutrition; multi-omics; systems biology 
 

1. Introduction 

Neurodegenerative diseases, such as Alzheimer's disease (AD) and Parkinson's disease (PD), 
have complex pathogenesis and are closely associated with chronic inflammation and oxidative stress 
[1]. Represented by AD, neurodegenerative diseases have become a major global public health 
challenge. According to the 2025 Alzheimer’s Disease Facts and Figures, approximately 7.2 million 
individuals aged 65 years and older in the United States are currently living with AD, and this 
number is projected to increase to 13.8 million by 2060. Between 2000 and 2022, the reported mortality 
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rate from AD increased by more than 142%, whereas mortality rates from heart disease, stroke, and 
AIDS declined during the same period [2]. 

Notably, neurodegenerative diseases represented by AD are not determined solely by genetic 
factors, but rather arise from the interplay between genetic predisposition and multiple modifiable 
factors. Epidemiological studies have demonstrated that nutrition, environmental exposures, and 
lifestyle can significantly influence the onset, progression, and treatment response of these disorders. 
These modifiable factors affect central nervous system homeostasis through shared pathways, 
including oxidative stress, neuroinflammation, mitochondrial dysfunction, and dysregulation of the 
gut–brain axis, thereby providing a theoretical basis for multitarget dietary interventions [3]. 

As a modifiable dietary paĴern, the Mediterranean diet is of particular importance for brain 
health in middle-aged and older adults. Both the Dietary Approaches to Stop Hypertension (DASH) 
diet and the Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet have been 
shown to benefit cognitive function; however, the neuroprotective effects of the Mediterranean diet 
appear to be the most consistent, whereas the Western diet is associated with an increased risk of 
cognitive decline. Given the shared mechanisms underlying stroke, dementia, and related 
disorders—including inflammation, oxidative stress, and vascular injury—the Mediterranean diet 
may exert neuroprotective effects through multiple targets, thus providing a nutritional basis for 
disease prevention [4]. 

Although the Mediterranean diet harbors well-recognized direct neuroprotective properties, 
including polyphenols and unsaturated faĴy acids, this review focuses on synthesizing recent 
breakthroughs centered on gut microbiota as a key mediator within the gut–immune–brain axis, 
providing a novel framework for its systemic neuroprotection. 

The Mediterranean diet should therefore be viewed not merely as a nutritional paĴern but as a 
modifiable systems-level intervention. This review aims to synthesize recent epidemiological and 
mechanistic evidence to evaluate its impact on neurodegenerative diseases, summarize its bioactive 
components and protective mechanisms, and propose future research directions. 

2. Mediterranean diet: A Systems-Level Regulation Approach Through the  
Gut–Immune–Brain Axis 

2.1. Gut Microbiota Remodeling: From Compositional Shifts to Functional Reprogramming 

Dietary fiber, polyphenols, and omega-3 faĴy acids in the Mediterranean diet can optimize the 
structure of the gut microbiota [5]. A recent systematic review showed that the Mediterranean diet 
increases the abundance of beneficial bacteria such as Faecalibacterium prausniĵii and Bifidobacterium, 
while reducing pro-inflammatory taxa, promoting butyrate production, and improving verbal 
memory. A 6-year cohort study further confirmed that individuals with high adherence to the 
Mediterranean diet exhibited an increased abundance of SCFA-producing bacteria (SCFAs) and a 
reduced abundance of pro-inflammatory microorganisms; both dietary adherence and microbial 
features were associated with slower cognitive decline [6]. 

Importantly, butyrate not only serves as a microbial metabolite but also functions as a histone 
deacetylase inhibitor, thereby influencing gene expression in the gut, associated immune tissues, and 
even the nervous system. In animal models of PD, sodium butyrate treatment has been shown to 
prevent neuronal cell death; in models of AD and traumatic brain injury, it has also been associated 
with improvements in learning and memory [7]. It should be emphasized that the microbiota changes 
promoted by the Mediterranean diet fundamentally represent a shift in the microbial metabolic 
network from a pro-inflammatory profile toward an SCFA-producing profile. This form of functional 
reprogramming is biologically more meaningful than changes in the abundance of individual genera 
alone. 

In addition, specific genera such as Bacteroides possess anti-inflammatory properties and have 
been identified as protective factors against cognitive impairment. Reduced abundance of Bacteroides 
has been observed in the gut microbiota of patients with AD, whereas the fiber and polyphenols 
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characteristic of the Mediterranean diet can promote its growth [8]. Collectively, these microbiota 
alterations provide the microbial foundation for regulation along the gut–brain axis. 

2.2. Microbiota-Derived Metabolites: Key Messengers Linking Diet and the Host 

By modulating both the composition and function of the gut microbiota, the Mediterranean diet 
induces the production of distinct secondary metabolites, which in turn regulate three major 
metabolic networks. 

2.2.1. SCFAs 

SCFAs are composed predominantly of butyrate, propionate, and acetate. They enhance 
intestinal barrier function, suppress systemic inflammation, and exert neuroprotective effects 
through the vagus nerve-mediated gut–brain axis [6]. In addition to their local actions within the gut, 
SCFAs—particularly butyrate—can directly cross the blood–brain barrier (BBB) and participate in 
central epigenetic regulation by inhibiting histone deacetylase activity, thereby promoting synaptic 
plasticity and neurogenesis [9]. 

2.2.2. Bile Acids and Trimethylamine N-Oxide (TMAO) 

However, the effects of gut microbiota-derived metabolites on AD are complex. Under specific 
conditions, such as in the germ-free state, SCFAs may promote Amyloid Beta (Aβ) deposition. In 
contrast, TMAO exacerbates AD pathology by promoting Aβ aggregation and disrupting the BBB. 
Meanwhile, indole-3-propionic acid (IPA) exerts neuroprotective effects through activation of the 
aryl hydrocarbon receptor (AhR) pathway. Clinical studies have shown that patients with AD exhibit 
reduced levels of SCFAs and indole-derived metabolites, along with elevated TMAO levels. These 
alterations are significantly correlated with cognitive test scores [10]. 

2.2.3. Tryptophan Metabolites 

Tryptophan metabolism proceeds through three principal pathways: the kynurenine pathway, 
the serotonin pathway, and the microbiota-derived indole pathway. Metabolites generated via the 
microbial indole pathway, such as IPA and indole-3-acetic acid, can regulate intestinal barrier 
integrity, immune signaling, and host–microbiota interactions. The Mediterranean diet, which is rich 
in dietary fiber and polyphenols, may promote the production of beneficial indole metabolites and, 
through anti-inflammatory mechanisms, suppress excessive activation of the kynurenine pathway, 
thereby increasing tryptophan bioavailability and enhancing serotonin synthesis. In particular, the 
Mediterranean diet—especially when supplemented with extra virgin olive oil (EVOO)—contains 
polyphenols and other bioactive components that may directly increase plasma tryptophan levels; 
meanwhile, the anti-inflammatory effects mediated by diet-induced microbial metabolites, such as 
SCFAs, may indirectly modulate the kynurenine metabolic pathway [11]. 

2.3. Intestinal Barrier and Systemic Inflammatory Response 

The Mediterranean diet may also exert neuroprotective effects through modulation of the gut–
brain axis. Its high content of dietary fiber, polyphenols, and omega-3 faĴy acids can optimize gut 
microbial composition, stimulate microbial production of SCFAs, enhance the integrity of both the 
intestinal barrier and the BBB, and reduce lipopolysaccharide-induced systemic inflammation, 
thereby suppressing neuroinflammation, promoting Aβ clearance, and regulating neurotransmiĴer 
synthesis, thus delaying the progression of neurodegenerative changes through multiple pathways 
[6]. In addition, phytosterols may indirectly reduce the risk of vascular dementia by lowering 
cholesterol levels [8]. This aĴenuation of peripheral inflammation further suppresses central 
neuroinflammation. 

Recent studies have identified microglia as key effector cells linking gut microbiota alterations 
to cognitive function. Human intervention studies and fecal microbiota transplantation studies have 
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demonstrated that exosomes derived from obesity-associated gut microbiota can transiently activate 
microglia after 1 hour of acute stimulation; however, chronic exposure for 24 hours leads to functional 
exhaustion, characterized by downregulation of triggering receptor expressed on myeloid cells 2 
(TREM2), release of inflammatory cytokines including tumor necrosis factor-α (TNF-α), interleukin-
6 (IL-6), and interleukin-1β (IL-1β), and impaired phagocytic and reparative capacity. By contrast, 
microbiota transplantation following an alternate-day fasting intervention induces a healthy 
“ramified, small-soma” phenotype in hippocampal microglia in mice, accompanied by enhanced 
cluster of differentiation 68-mediated phagocytosis, increased cellular renewal (Ki67⁺), reduced levels 
of the senescence marker p16 and the glycolysis overactivation marker PFKFB3, decreased IL-6 and 
IL-1β levels, and improved cognitive performance. These findings position microglia as a critical 
relay node within the gut–immune–brain axis and provide cellular-level evidence for the 
neuroprotective effects of dietary interventions such as the Mediterranean diet [12] (Figure 1). 

In addition to the microbiota-mediated effects described above, polyphenols and other bioactive 
components inherent to the Mediterranean diet may also act directly on the central nervous system. 
In vitro and animal studies have shown that polyphenols may promote the proliferation of neural 
stem cells. 

 

Figure 1. Mediterranean diet-mediated gut–immune–brain axis remodeling in neurodegenerative disorders. 
Dietary bioactive compounds reshape gut microbiota composition by increasing beneficial microbial 
populations and suppressing pathobionts, thereby enhancing microbial diversity and metabolic homeostasis. 
These alterations promote the production of neuroprotective microbial metabolites, including SCFAs, 
polyphenol-derived metabolites, bile acid intermediates, and tryptophan metabolites. Subsequently, improved 
intestinal barrier integrity and immune regulation reduce systemic inflammation and metabolic dysregulation, 
leading to decreased neuroinflammatory signaling and enhanced brain protection. Downstream pathological 
processes influenced by these mechanisms include oxidative stress, protein aggregation, mitochondrial 
dysfunction, synaptic degeneration, and vascular/metabolic impairment. Collectively, these coordinated effects 
contribute to cognitive protection, delayed neurodegeneration, and improved quality of life. 

2.4. Neuroinflammation and Glial Cell State Reprogramming 

Neuroinflammation, particularly chronic microglia-mediated neuroinflammation, is one of the 
central pathological mechanisms driving the progression of neurodegenerative diseases. In disorders 
such as AD, microglia undergo phenotypic transformation and functional reprogramming in 
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response to pathological proteins, including Aβ and tau. Single-cell transcriptomic studies have 
revealed that disease-associated microglial subpopulations are driven by the TREM2 signaling 
pathway and exhibit a protective phenotype; however, chronic stimulation may lead to functional 
exhaustion, characterized by impaired phagocytosis and increased release of pro-inflammatory 
cytokines. Evidence indicates that the fine balance between anti-inflammatory and pro-inflammatory 
activation states of microglia, regulated by shared upstream modulators, represents a critical node in 
determining the course of chronic neuroinflammation in AD [13,14]. 

In addition, astrocytes also undergo phenotypic transformation in AD pathology and may 
exhibit either the neurotoxic A1 phenotype or the neuroprotective A2 phenotype [15]. The A1 
phenotype is induced by interleukin-1α, tumor necrosis factor (TNF), and complement component 
1q secreted by activated microglia [16]. In terms of adaptive immunity, Aβ-specific Th1 cells can 
infiltrate the brain parenchyma, where they secrete interferon-gamma, thereby enhancing microglial 
activation and Aβ deposition, and ultimately leading to impaired cognitive function [17]. This 
framework of “glial reprogramming” provides a cellular-level theoretical basis for understanding the 
systemic neuroprotective effects of dietary interventions such as the Mediterranean diet. In vitro and 
animal studies have shown that polyphenols can promote neural stem cell proliferation and increase 
the expression of brain-derived neurotrophic factor, thereby enhancing neuroplasticity. Olive 
polyphenols may also suppress neuroinflammation by modulating the silent information regulator 
1/AMP-activated protein kinase and phosphoinositide 3-kinase/protein kinase B (Akt)/mammalian 
target of rapamycin signaling pathways, while also chelating metal ions and reducing oxidative 
damage caused by iron deposition in the brain [18]. 

Other studies have shown that docosahexaenoic acid (DHA) may inhibit amyloidogenic 
processing by suppressing β-secretase 1 (BACE1) and presenilin 1, directly inhibit fibril aggregation 
by binding to the Aβ16-21 amino acid fragment of Aβ, and reduce tau phosphorylation through the 
c-Jun N-terminal kinase/glycogen synthase kinase-3β (GSK-3β) pathway. In addition, its metabolites, 
specialized pro-resolving mediators, can promote Aβ clearance and exert anti-inflammatory effects. 
Clinical subgroup analyses suggest that the benefits may be more pronounced in carriers of the 
apolipoprotein E ε4 allele (APOE ε4) and in individuals receiving long-term supplementation at 
doses of ≥500 mg/day [19]. 

2.5. Mitochondrial Function, Oxidative Stress, and Protein Homeostasis 

Olive oil polyphenols in the Mediterranean diet, such as hydroxytyrosol (HT) and oleuropein, 
may exert indirect neuroprotective effects through improvement of metabolic syndrome. These 
compounds can regulate glucose and lipid metabolism, alleviate insulin resistance and chronic low-
grade inflammation, and thereby reduce cerebral oxidative stress and neuroinflammation, helping to 
maintain a stable internal environment for neurons [20]. Collectively, these actions contribute to the 
suppression of neuroinflammation and the delay of neurodegenerative progression. 

Computational biology studies further suggest that polyphenols in EVOO can activate the 
Nuclear factor erythroid 2-related factor 2 (NRF2) pathway, thereby reducing BACE1 and Aβ 
deposition, whereas β-sitosterol may stabilize mitochondrial function through binding to Aβ and 
downregulating GSK-3β, among other targets. Population-based studies have also confirmed the 
benefits of β-carotene and lycopene for brain health. Taken together, oleuropein, HT, and oleocanthal 
appear to act through complementary mechanisms to preserve proteostasis and mitochondrial 
function [14]. 

Molecular simulation has further confirmed that oleuropein aglycone (OA) can disaggregate Aβ 
fibrils, HT can promote the formation of non-toxic Aβ conformations, and oleocanthal (OC) can 
facilitate Aβ clearance while also inhibiting tau fibrillization [21]. In addition, polyphenols such as 
oleuropein can upregulate hepatic expression of low-density lipoprotein receptor-related protein 1, 
a key mediator of circulating Aβ uptake and clearance, suggesting that polyphenols in the 
Mediterranean diet may indirectly reduce cerebral Aβ deposition by enhancing peripheral hepatic 
clearance of Aβ [22]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 May 2026 doi:10.20944/preprints202605.1399.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202605.1399.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 21 

 

Computational biology studies have identified the NRF2 pathway as a major target of EVOO 
polyphenols. Apigenin and luteolin may activate NRF2, reduce BACE1, β-carboxyl-terminal 
fragment, and Aβ deposition, and improve cognitive function. Luteolin may also suppress Aβ 
production through peroxisome proliferator-activated receptor-γ, while caffeic acid may reduce 
amyloid precursor protein (APP) and BACE1 expression, thereby lowering amyloid-β1-42 levels. 
These compounds exhibit high structural similarity to clinically relevant NRF2 activators (Tanimoto 
coefficient > 0.9) and are enriched in pathways related to neuroimmune reprogramming, indicating 
that NRF2 is a key target mediating the diet-induced, system-level neuroprotective effects of these 
bioactive compounds [23]. 

Molecular docking studies have shown that β-sitosterol exhibits strong binding affinity for Aβ 
aggregates, with a binding free energy of −8.4 kcal/mol. In animal models of AD, dietary 
supplementation with wheat germ oil enriched in β-sitosterol was found to downregulate GSK-3β 
and amyloid APP expression, upregulate Akt, reduce levels of the neuroimmune reprogramming-
related inflammatory cytokine TNF-α and the oxidative stress marker malondialdehyde, and 
stabilize mitochondrial–metabolic coupling efficiency [24]. 

A cross-sectional neuroimaging study including 132 participants aged 30 to 50 years reported 
that higher plasma β-carotene levels were associated with a “younger” brain age as predicted by 
magnetic resonance imaging, with a standardized regression coefficient of −0.23. This corresponded 
to a 1.46-year reduction in brain age for each 1-log-unit increase in β-carotene, suggesting that the 
neuroprotective effects of β-carotene may be related to a healthy gut microbiota and may help 
stabilize mitochondrial–metabolic coupling and delay biological brain aging [25]. In addition, a 
Japanese longitudinal study including 199 participants aged 39 to 90 years with 5 years of follow-up 
found that low serum lycopene levels were significantly associated with accelerated decline in 
aĴention, with a slope coefficient of −3.17 (p = 0.002) on the Digit Cancellation Test, version 3. By 
contrast, β-carotene was not significantly associated with aĴention decline. These findings suggest 
that lycopene may specifically protect aĴentional function by modulating microglial state transitions 
and aĴenuating aberrant neuroimmune reprogramming [26]. 

Phospholipids and omega-3 phospholipids also represent sustainable sources of long-term 
omega-3 faĴy acid supplementation within the Mediterranean dietary paĴern. After cooking, 
mussels (Mytilus edulis) contain a mean eicosapentaenoic acid (EPA) + DHA content of 518.9 ± 155.7 
mg/100g. Consumption of mussels three times per week for two weeks has been shown to 
significantly increase the Omega-3 Index and whole-blood EPA levels in humans. The omega-3 faĴy 
acids they provide may exert direct anti-inflammatory and antioxidant effects, while also indirectly 
reinforcing the homeostatic foundation of the gut–immune–brain axis through modulation of the gut 
microbiota. Moreover, farmed mussels generate substantially lower carbon emissions than 
conventional meats and marine fish and do not exacerbate pressure on fishery resources, making 
them consistent with the green and sustainable nutrition intervention principles embodied in the 
Mediterranean diet [27]. 

Taken together, current preclinical evidence indicates that EVOO polyphenols counteract AD 
pathology through multiple targets. HT and oleuropein inhibit Aβ and tau aggregation, whereas 
oleocanthal promotes Aβ clearance across the BBB. Verbascoside and oleocanthal suppress 
neuroinflammation through the nuclear factor-κB (NF-κB) and NOD-like receptor family pyrin 
domain-containing protein 3 (NLRP3) pathways. HT and related compounds help restore 
mitochondrial homeostasis and reduce oxidative stress. Multiple polyphenols also enhance 
neuroplasticity and synaptic function [28]. Collectively, these mechanisms preserve mitochondrial–
metabolic coupling, mitigate oxidative stress, and regulate proteostasis. According to evidence from 
systematic reviews, oleuropein/OA, HT, and oleocanthal exhibit complementary mechanisms of 
action: oleuropein primarily targets protein aggregation, mitochondrial protection, and autophagy; 
HT mainly modulates oxidative stress, neuroinflammation, and mitochondrial bioenergetics; and 
oleocanthal displays the strongest anti-amyloid and anti-tau activities, including promotion of Aβ 
clearance across the BBB [29]. 
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2.6. BBB and Neurovascular Unit 

The tryptophan–aryl hydrocarbon receptor (Trp–AhR) pathway is a major signaling axis within 
the gut–immune–brain network. AhR expression is significantly upregulated in the hippocampus of 
patients with AD, and uremic toxins such as indoxyl sulfate, generated in the context of gut 
microbiota dysbiosis, can activate AhR, disrupt the BBB, and induce cognitive impairment. The 
Mediterranean diet, which is rich in tryptophan and dietary fiber, may optimize microbial 
metabolism and reduce the generation of harmful AhR agonists; moreover, its polyphenolic 
constituents, such as resveratrol, possess AhR antagonistic activity. Therefore, modulation of the 
Trp–AhR pathway may represent a novel mechanism through which the Mediterranean diet exerts 
neuroprotective effects via the gut–brain axis [30]. The Mediterranean diet may also enhance BBB 
integrity [5]. 

In addition, its diet-induced, system-level regulatory effects arise from the coordinated 
modulation of multiple pathways. Polyphenols, unsaturated faĴy acids, and other bioactive 
components abundant in the Mediterranean diet can reduce pro-inflammatory cytokines, thereby 
alleviating aberrant activation of neuroimmune reprogramming. At the same time, the 
Mediterranean diet can optimize remodeling of the gut microbial ecosystem and, through the gut–
immune–brain axis, mitigate dysregulated neuroimmune reprogramming and protect BBB integrity. 
It may also improve metabolic status and reduce vascular risk factors, thereby indirectly lowering 
the risk of neurodegenerative diseases [31]. 

Beyond these core pathways, the Mediterranean diet may also suppress BACE1 activity through 
the Wnt/β-catenin/TCIM pathway, thereby reducing Aβ production and tau hyperphosphorylation. 
It may further promote Aβ clearance by improving insulin resistance and enhancing the efficiency of 
insulin-degrading enzyme. In parallel, it may regulate the expression of cognition-related genes in 
the brain, enhance cognitive resilience, and delay the progression of dementia [32]. These 
mechanisms do not operate independently; rather, they constitute a cascading network extending 
from the gut to the central nervous system, collectively mediating the multitarget neuroprotective 
effects of the Mediterranean diet (Figure 2). 

 

Figure 2. Synergistic neuroprotective mechanisms of Mediterranean diet-derived bioactive components in 
neurodegenerative disorders. Distinct dietary factors, including EVOO-derived polyphenols, omega-3 faĴy 
acids, dietary fiber, plant sterols, and mixed polyphenolic compounds, modulate complementary biological 
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pathways associated with oxidative stress reduction, neuroinflammation suppression, gut–brain axis regulation, 
Aβ clearance, and direct neuronal protection. These interconnected mechanisms converge to promote synergistic 
neuroprotection through aĴenuation of reactive oxygen species, suppression of microglial activation and pro-
inflammatory cytokine production, enhancement of SCFA generation and BBB integrity, facilitation of Aβ 
clearance pathways, and improvement of autophagic and mitochondrial homeostasis. Collectively, these 
integrated effects contribute to preserved cognitive function, delayed cognitive decline, maintenance of BBB 
integrity, reduced Aβ/tau pathology, and improved mitochondrial function during neurodegenerative disease 
progression. 

3. Disease-Specific Research Advances Within a Shared Mechanistic Framework 

3.1. AD and All-Cause Dementia 

Evidence has demonstrated that sustained adherence to the Mediterranean diet is associated 
with a significantly reduced risk of AD, with greater adherence conferring lower risk. Intake of olive 
oil, fish, and vegetables has been positively associated with cognitive function. The MIND diet, which 
integrates key features of the Mediterranean and DASH dietary paĴerns and was specifically 
designed for neurodegenerative disease prevention, has also been associated with reduced risks of 
dementia and AD among individuals with high adherence, as well as with preservation of cognition 
and memory. However, its effects appear to exhibit population heterogeneity, with more consistent 
evidence reported in North American populations [33]. In addition, a systematic review including 
five studies found that high adherence to the MIND diet was significantly associated with lower 
degrees of cognitive impairment, accompanied by improvements in both brain biomarkers and 
cognitive measures, suggesting that this dietary paĴern may improve cognitive function in older 
adults [34]. Evidence from the UK Biobank cohort has shown that high adherence to the 
Mediterranean diet is associated with a lower risk of all-cause dementia, with more pronounced 
effects observed among older individuals, women, and non-carriers of the APOE ε4. By contrast, pro-
inflammatory dietary paĴerns were associated with an increased risk of dementia, underscoring the 
importance of high-quality anti-inflammatory diets for cognitive health [35]. 

Further quantitative analyses based on the same UK Biobank cohort confirmed that high 
adherence to the Mediterranean diet was associated with a 23% reduction in the risk of all-cause 
dementia (hazard ratio = 0.77), and that this protective association was independent of polygenic risk, 
including APOE ε4 genotype. Moreover, a continuous Mediterranean diet adherence score appeared 
to be more sensitive than the traditional binary scoring approach [36]. Nevertheless, pooled evidence 
from multiple large prospective cohorts indicates that the protective effect of the Mediterranean diet 
on dementia risk shows a degree of heterogeneity, which may be aĴributable to differences in study 
populations, duration of follow-up, and methods of dietary assessment [37]. In addition, the Nordic 
diet, as another healthy dietary paĴern, has likewise shown potential to delay cognitive decline and 
prolong dementia-free survival. It appears to share anti-inflammatory and neuroprotective 
mechanisms similar to those of the Mediterranean diet, although the available evidence remains 
relatively limited [38]. 

3.2. Parkinson’s Disease 

Studies on the association between the Mediterranean diet and PD remain relatively limited; 
however, the available evidence suggests a protective effect. A meta-analysis published in 2025, 
which included seven observational studies involving 195,065 participants and 1,508 PD cases, 
showed that high adherence to the Mediterranean diet was associated with a significant 13% 
reduction in PD risk, with a pooled relative risk of 0.87 and a 95% confidence interval of 0.78 to 0.97 
[39]. In addition, high adherence to a healthy plant-based diet, characterized by abundant intake of 
vegetables, nuts, and tea, was associated with a 22% lower risk of PD, and this protective association 
was modified by the polygenic risk score for PD; in contrast, the opposite effect was observed for an 
unhealthy plant-based diet [40]. 
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At the mechanistic level, patients with PD exhibit characteristic alterations in the gut microbiota. 
SCFAs, including Faecalibacterium, Roseburia, and members of the Lachnospiraceae family, are 
significantly reduced, leading to insufficient production of SCFAs such as butyrate, which in turn 
compromises intestinal barrier function and exacerbates both systemic and central inflammation. By 
contrast, pro-inflammatory taxa, such as members of the Enterococcaceae and Christensenellaceae 
families, are relatively increased, and the endotoxins they produce may damage the intestinal 
epithelium. A reduction in Prevotella has been associated with PD severity, suggesting its potential as 
a disease biomarker. These microbiota alterations provide a mechanistic bridge by which dietary 
interventions, such as the Mediterranean diet, may influence PD progression through remodeling of 
the gut microbial structure [41]. 

A systematic review covering studies published up to June 2023 included one randomized 
controlled trial involving 70 participants, one case–control study involving 8 participants, and one 
cohort study involving 1,205 participants. The review found that high adherence to the 
Mediterranean diet significantly improved non-motor symptoms in patients with PD, including 
executive function, language ability, aĴention and working memory, overall cognitive function, as 
well as gastrointestinal symptoms such as constipation and dyspepsia. However, no significant 
improvement was observed in motor symptoms, including tremor, bradykinesia, and postural 
instability [42]. A neuroimaging meta-analysis including 13 cross-sectional studies and a total of 
42,955 participants found that high adherence to the Mediterranean diet was significantly associated 
with lower white maĴer hyperintensity volume, but showed no clear association with total brain 
volume, gray maĴer volume, or hippocampal volume. These findings suggest that the Mediterranean 
diet may reduce dementia risk, at least in part, by protecting the cerebral small vessels [43]. 

3.3. Other Neurodegenerative Diseases 

Beyond AD and PD, the potential protective effects of the Mediterranean diet on other 
neurodegenerative disorders, including amyotrophic lateral sclerosis (ALS) and multiple sclerosis 
(MS), are also beginning to be explored. 

With respect to ALS, a 12-month prospective interventional study showed that Mediterranean 
diet intervention in patients with ALS led to significant changes in the plasma profile of SCFAs, 
including acetate and propionate. The study further found that alterations in the SCFA profile were 
longitudinally associated with ALS disease progression; however, the direct impact of dietary 
intervention on clinical outcomes still requires validation in larger studies [44]. 

Regarding MS, a mechanistic review has suggested that the Mediterranean diet may influence 
the inflammatory and neurodegenerative processes of MS by modulating the network of 
immunometabolites, including citrate, itaconate, and glutamate, which participate in immune cell 
reprogramming [45]. Animal studies have provided further causal evidence. In a mouse model of 
experimental autoimmune encephalomyelitis, a combined intervention consisting of the 
Mediterranean diet and lycopene modestly delayed disease onset and significantly reduced clinical 
scores. Myelin staining demonstrated that the myelination score in the combined intervention group 
(MD-Lyc) was significantly higher than that in both the Western diet group (WD) and the Western 
diet plus lycopene group (WD-Lyc). Mechanistic analyses further showed that this dietary 
intervention altered gut microbiota composition: mice in the MD-Lyc group exhibited increased 
abundance of beneficial bacteria, including Akkermansia and Bifidobacterium, and decreased 
abundance of potentially pathogenic bacteria, such as Helicobacter and Pseudomonas. These findings 
suggest that the gut–brain axis may mediate the neuroprotective effects of the Mediterranean diet in 
MS [46]. 

Taken together, although the clinical evidence for the Mediterranean diet in ALS and MS 
remains less substantial than that for AD and PD, existing mechanistic studies and animal 
experiments have shown encouraging promise. These preliminary findings support the possibility 
that the neuroprotective effects of the Mediterranean diet may be broadly applicable across 
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neurodegenerative diseases, with core mechanisms likely closely linked to the gut microbiota–
immune–metabolic regulatory network (Table 1). 

3.4. Cross-Disease Protective Effects 

From a cross-disease perspective, the protective effects of the Mediterranean diet are not limited 
to neurodegenerative disorders. Research has confirmed that the Mediterranean diet, the MIND diet, 
and the DASH diet confer consistent protective effects against cardiovascular disease, colorectal 
cancer, type 2 diabetes, and metabolic dysfunction-associated steatotic liver disease — conditions all 
closely linked to chronic inflammation and metabolic dysregulation — whereas ultra-processed foods 
increase the risk of these conditions. These observations support the hypothesis that 
neurodegenerative and metabolic diseases share a common pathological substrate. Accordingly, the 
cross-disease protective effects of the Mediterranean diet are fundamentally aĴributable to its 
systemic regulation of chronic inflammation, oxidative stress, and metabolic dysregulation, which 
also provides a mechanistic rationale for its neuroprotective properties [47]. 

Table 1. Summary of epidemiological evidence regarding the Mediterranean diet across different 
neurodegenerative diseases. 

Disease Key Findings Study Design 

AD Lower risk of AD onset; improved cognitive 
scores [31]. 

Cohort studies, meta-analysis 

All-cause dementia 
23% lower risk; greater benefit in ≥60 years, 

females, non-carriers of APOE ε4[36]. Prospective cohort (n=131,209) 

PD 13% lower risk; plant-based diet also 
protective[39,40]. 

Meta-analysis of cohort studies 

Other Neurodegenerative 
diseases 

Anti-inflammatory diet may alleviate 
neuroinflammation[44,46]. Observational studies 

4. Emerging Technologies Reshaping the Field 

4.1. Multi-Omics Technologies: From Single-Cell to Spatially Resolved In Situ Analysis 

Multi-omics refers to a research strategy that integrates and analyzes high-throughput biological 
data from the genome, transcriptome, proteome, metabolome, microbiome, and related layers. In the 
fields of nutrition and neuroscience, the core value of multi-omics lies in advancing research on the 
Mediterranean diet from population-level descriptions of “whether it works” to mechanistic 
elucidation of “how it works” and “in which cell types and at which anatomical sites it exerts its 
effects.” In other words, it enables the transition from macroscopic associations with dietary paĴerns 
to systematic regulation at the microscopic levels of molecular pathways, cellular subpopulations, 
and spatial microenvironments. The applications of single-cell transcriptomics, spatial 
transcriptomics, and microbiome multi-omics in this field are outlined below. 

4.1.1. Single-Cell Transcriptomics: Precise Analysis of Cell Subpopulations 

Single-cell transcriptomics refers to a high-throughput sequencing approach that analyzes the 
complete transcriptome of individual cells at single-cell resolution. Unlike conventional bulk RNA 
sequencing (bulk RNA-seq), which measures average gene expression across pooled cell populations, 
this technique reveals the gene expression profile of each individual cell, thereby enabling the 
identification and characterization of distinct cellular subtypes and functional states within 
heterogeneous populations. In research on neurodegenerative diseases, single-cell transcriptomics 
can be used to dissect the cell type-specific mechanisms through which the Mediterranean diet exerts 
its regulatory effects. Its core value lies in separating critical responsive cellular subpopulations from 
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population-averaged signals. Specifically, this approach enables subtype-resolved analysis and the 
direct identification of key glial cell types and functional state transitions regulated by the 
Mediterranean diet [48]. 

4.1.2. Spatial Transcriptomics: From Spatial Localization to Functional Dissection 

Spatial transcriptomics is a technique that enables high-throughput measurement of gene 
expression while preserving the spatial localization of cells within intact tissue. Unlike conventional 
transcriptomic sequencing, which requires tissue homogenization and thereby results in the loss of 
spatial information, spatial transcriptomics can directly visualize the spatial expression paĴerns of 
specific genes on tissue sections, allowing simultaneous determination of both “where genes are 
expressed” and “to what extent they are expressed.” In the study of neurodegenerative diseases, this 
technology can identify inflammatory niches surrounding Aβ plaques in situ, demonstrate that 
pathological injury is concentrated in the upper cortical layers, and directly assess whether dietary 
interventions improve the pathological microenvironment by quantitatively evaluating changes in 
the expression of inflammatory genes in plaque-adjacent regions. Thus, it provides spatially resolved 
evidence for the neuroprotective effects of dietary interventions [49]. 

The SpaHDmap framework integrates spatial transcriptomic data with histological images and 
upgrades spot-level expression data to pixel-level high-resolution embeddings. This approach 
enables precise localization of mouse brain hippocampal subregions, including CA1 to CA3 and the 
dentate gyrus, as well as cortical layers L1 to L6b, and allows reconstruction of gene expression 
profiles at pixel resolution for quantitative evaluation of gene expression in specific 
microenvironments, such as tumor boundaries. This method provides critical technical support for 
elucidating the effects of dietary interventions on the pathological microenvironment in AD [50]. 

4.1.3. Microbiome Multi-Omics: Multi-Layer In-Depth Interrogation of Gut Microbiota 

Microbiome multi-omics refers to a research strategy that systematically integrates multiple 
high-throughput approaches, including metagenomics, metatranscriptomics, metaproteomics, and 
metabolomics, to characterize the composition, functional activity, and metabolic products of 
microbial communities. Unlike traditional 16S rRNA gene sequencing, which is primarily limited to 
taxonomic identification and thus addresses the question of “who is there,” microbiome multi-omics 
advances investigation to the level of functional interpretation, namely, “what the microbiota are 
doing.” This approach can directly identify key functional metabolites, such as SCFAs, produced by 
diet-driven gut microbial activity, and can further integrate multi-omics data to establish associations 
between these metabolites and host health protection [51]. 

4.1.4. Validation and Application of Multi-omics Integration Strategies 

Multi-omics integration strategy refers to a research approach in which multidimensional high-
throughput data—such as genomics, transcriptomics, proteomics, metabolomics, and 
microbiomics—are jointly analyzed to elucidate interactive regulatory networks across molecular 
layers from a systems biology perspective, rather than interpreting any single omics dataset in 
isolation. In the fields of nutrition and neuroscience, the core value of this strategy lies in its ability to 
clarify how dietary interventions influence central nervous system function through coordinated 
actions on multiple targets and pathways. 

The value of this multi-omics approach is underscored by the genetic resources generated from 
the MIND trial. A genetic substudy performed genome-wide genotyping on MIND trial participants 
and refined the quality-control procedures. After stringent quality control, high-quality genetic data 
were retained for 494 participants of European ancestry and 58 participants of African ancestry. 
Critically, by comparing DNA extracted from serum and whole blood from the same individuals, the 
study demonstrated a concordance rate exceeding 99.2%, validating serum as a reliable alternative 
DNA source when whole blood is unavailable. These resources provide an important foundation for 
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constructing genome-wide polygenic risk scores, conducting gene–diet interaction analyses, and 
performing multi-omics integration studies [52]. 

Interestingly, data from the same MIND trial challenge the simplistic view of stratifying 
individuals solely by APOE ε4 carrier status. A genome-wide analysis of 604 participants found that 
APOE ε4 itself did not show a significant effect-modifying role on the MIND diet's cognitive benefits, 
suggesting that stratification based exclusively on APOE ε4 may be overly simplistic. The study 
therefore called for more comprehensive gene–diet interaction analyses using genome-wide data and 
advocated a shift from "single-gene stratification" toward "genome-wide polygenic risk score-based 
stratification"[53]. 

Beyond optimization of front-end data collection, back-end data correction also warrants 
aĴention. The METRIC model serves as an illustrative example. As a microbiome-based correction 
tool, METRIC utilizes gut metagenomic profiles—a form of multi-omics data—to reduce random 
errors inherent in self-reported dietary assessments, such as 24-hour recalls or food records. 
Importantly, this correction does not rely on any external gold-standard measures of true dietary 
intake. The model employs a skip-connection architecture, wherein the input "noisy" nutrient profile 
is directly added to the network output, a design that prevents the corrected estimates from deviating 
excessively from the original observations. Validation studies have demonstrated that this approach 
is particularly effective for correcting nutrients metabolizable by the gut microbiota. Moreover, even 
when microbiome data are not included as input, the model retains robust correction performance. 
Collectively, these features offer a scalable solution for improving dietary data quality in large cohort 
studies, illustrating how multi-omics data can enhance nutritional assessment reliability by 
anchoring self-reports to microbial functional profiles[54]. 

4.2. Precision Nutrition and Artificial Intelligence (AI): From Population Stratification to Personalized 
Intervention 

In recent years, the integration of precision nutrition and nutritional neuroscience has formed a 
novel research framework. Its core purpose is to formulate tailored dietary intervention schemes 
according to individual multi-omic profiles and daily living habits, so as to improve neural resilience, 
which refers to the brain’s ability to preserve physiological function and cognitive flexibility under 
stress, tissue damage and pathological stimulation [55]. Centered on multi-omics technology, this 
research mode breaks away from simple population-based efficacy verification of the Mediterranean 
diet. For example, relevant studies have further explored its specific action mechanisms and 
applicable populations at the individual level. By combining genomics, microbiomics and 
metabolomics data, researchers can achieve precise population classification and targeted 
intervention, which provides solid theoretical and technical support for the development and clinical 
application of precision nutritional neuroscience [51]. 

4.2.1. Multi-omics Based Individual Stratification Strategies 

Notably, the neuroprotective effects of dietary polyphenols, such as ellagic acid and 
ellagitannins, depend on the capacity of the gut microbiota to metabolize them into urolithins. Based 
on microbial metabolic capacity, individuals can be classified into distinct metabotypes, including 
urolithin A producers, urolithin B producers, and non-producers. The urolithin A–producing 
metabotype is associated with a healthier and more youthful microbiota profile, whereas the urolithin 
B–producing metabotype becomes more prevalent with aging and is associated with dysbiosis. 
Urolithin A has been shown to improve muscle strength, modulate neuroinflammation, and enhance 
cognitive function. Similarly, the ability to metabolize soy isoflavones into equol also varies across 
individuals; only those harboring specific gut microbial communities are able to produce equol and 
thereby derive its cognitive protective effects. These findings suggest that interindividual differences 
in response to polyphenolic components of the Mediterranean diet fundamentally depend on the 
metabolic capacity of the gut microbiota, providing a novel basis for stratification in precision 
nutrition [56]. 
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4.2.2. Computational Nutrition and AI -Assisted Technologies 

AI and computational nutrition integrate multi-omics data, including genomics, microbiomics, 
and metabolomics, to construct predictive models that assess interindividual variability in responses 
to the Mediterranean diet. Population stratification and personalized precision interventions can then 
be implemented on the basis of APOE ε4 genotype, gut microbial enterotype, and baseline metabolic 
status, thereby providing core support for precision nutritional strategies in neurodegenerative 
diseases [57]. This integrated analytical framework has also been methodologically validated in 
functional food research. 

In one study, network pharmacology was used to identify 45 AD-related targets of Pueraria lobata 
(kudzu root), which were enriched in synaptic plasticity pathways; Mendelian randomization further 
confirmed a significant association between PFKFB3 and AD, and molecular docking verified strong 
binding affinity of the active compounds, illustrating a complete “food–target–disease” research 
pipeline [58]. AI can integrate multi-source data within computational nutrition to identify high-risk 
phenotypes. Image recognition enables real-time assessment of dietary intake, wearable devices 
facilitate the acquisition of digital phenotypes, and machine learning is capable of analyzing 
neuroimaging biomarkers. AI also presents application potential in food classification and cognitive 
modeling. Nevertheless, it is necessary to address challenges including algorithmic bias, data privacy 
and model interpretability, so as to ensure equitable calibration across diverse populations [59]. 

5. Limitations and Future Directions 

5.1. Current Status and Future Perspectives of Randomized Controlled Trials (RCTs) 

Current research is predominantly observational, while large-scale, long-term RCTs remain 
relatively scarce. As a result, causal evidence regarding the effects of the Mediterranean diet on the 
progression of neurodegenerative diseases is still insufficient. The synergistic neuroprotective 
mechanisms among different bioactive components—such as polyphenols, omega-3 faĴy acids, and 
dietary fiber—as well as their optimal intake levels, proportions, and interactive effects, remain to be 
clarified through large-scale prospective studies [60]. Notably, a 6-month RCT has provided 
preliminary evidence that daily consumption of 30 mL of EVOO can significantly improve cognitive 
function in patients with mild cognitive impairment, while also reducing the plasma Aβ42/Aβ40 ratio 
and the p-tau/tau ratio, and improving BBB permeability as well as brain functional connectivity [61]. 
These findings provide both a rationale and a basis of feasibility for conducting larger-scale, long-
term RCTs. 

5.2. Genetic Polymorphisms and Individual Heterogeneity 

Large-scale prospective cohort studies have confirmed that carriers of the APOE ε4 allele differ 
in their neuroprotective response to the Mediterranean diet, suggesting that future dietary strategies 
should be tailored according to genotype [62]. Beyond APOE ε4, the catechol-O-methyltransferase () 
Val158Met polymorphism (rs4680) also influences individual cognitive responses to the MIND diet, 
showing a significant interaction with dietary intervention (p = 0.002). Individuals with the Met/Met 
genotype, characterized by lower enzymatic activity, exhibited greater improvement in perceptual 
speed under the MIND diet, whereas no significant dietary differences were observed among Val 
carriers. This gene is involved in the metabolism of both dopamine and dietary polyphenols, such as 
HT and anthocyanins. Enzymatic activity in the Met/Met genotype is reduced by approximately 40%, 
which may decrease methylation-mediated inactivation of polyphenols and thereby enhance their 
bioavailability. These findings suggest that future precision nutrition approaches may benefit from 
stratification according to COMT genotype, with enhanced polyphenol intake being particularly 
advantageous for Met/Met carriers [53]. 
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5.3. Complementary Mechanisms of Functional Components: A Case Study of Olive Oil Polyphenols 

The various functional components of the Mediterranean diet exhibit intrinsic mechanistic 
complementarity. For example, oleuropein/OA, HT, and oleocanthal target distinct neuroprotective 
pathways. Oleuropein primarily acts on protein aggregation, mitochondrial protection, and 
autophagy. HT mainly regulates oxidative stress, neuroinflammation, and mitochondrial 
bioenergetics. Oleocanthal, in contrast, demonstrates the strongest anti-Aβ and anti-tau activities, 
including promotion of Aβ clearance across the BBB [63]. In addition, neuroimaging studies have 
shown that diet may exert complementary structural effects by modulating white maĴer connectivity, 
hippocampal volume, and cortical thickness, although the underlying mechanisms remain to be 
further elucidated [64]. Therefore, in-depth investigation of the complementary mechanisms among 
different dietary components may help enhance neuroprotective efficacy at the level of precision 
nutrition in the future. 

5.4. Precision Nutrition Strategies: From Multi-omics to Chrononutrition 

Precision nutrition is an emerging discipline that formulates personalized dietary intervention 
strategies based on individual differences in genetic background, gut microbiota, metabolic 
characteristics, lifestyle and environmental exposures. It emphasizes the integration of characteristics 
of nutrigenomics, metabolomics and microbiomics, enabling individualized dietary interventions 
according to genotypes and microbial profiles. Chrononutrition strategies, represented by time-
restricted eating, can regulate gut microbiota, increase the abundance of beneficial bacteria such as 
Bifidobacterium pseudolongum, and promote propionate production, thereby activating free faĴy acid 
receptor 3 and improving cognitive function. These findings indicate that dietary rhythm plays a key 
regulatory role in neuroprotection [57]. 

5.5. The "Double-Edged Sword" Effect: Caveats Regarding "One-Size-Fits-All" Intervention Strategies 

Precision nutrition interventions require careful vigilance against the risks of a “one-size-fits-all” 
approach. The same microbial taxa or metabolite targets may exert entirely opposite effects under 
different disease contexts. For example, gut microbiota–derived SCFAs may paradoxically promote 
Aβ deposition under germ-free conditions. TMAO produced through microbial metabolism of 
substrates such as red meat, can exacerbate AD pathology, whereas IPA, a tryptophan-derived 
microbial metabolite, exerts protective effects. In addition, Akkermansia appears to be protective in 
AD but is positively associated with disease risk in PD. These “double-edged sword” effects 
underscore that future precision nutrition research should establish differential microbial or 
metabolite intervention targets according to specific neurodegenerative diseases, genetic 
backgrounds, and baseline physiological states, rather than pursuing a supposedly universal optimal 
solution [65]. 

5.6. International Expert Consensus and Future Research Priorities 

A recent international expert consensus systematically summarized research priorities in the 
field of nutrition and brain health. These priorities include establishing standardized cognitive 
assessments and core outcome sets; conducting long-term follow-up studies to determine the optimal 
timing for early intervention; integrating multidomain strategies—such as the FINGER model—that 
combine diet, physical activity, cognitive training, and vascular risk monitoring; focusing on 
vulnerable populations, including rural residents, malnourished older adults, women, and ethnic 
minorities; and leveraging AI and digital technologies to develop novel dietary assessment tools and 
early biomarkers. The consensus further emphasized the importance of incorporating the lived 
experiences of patients and caregivers into study design to ensure the cultural adaptability and 
sustainability of interventions. Together, these recommendations provide an overarching framework 
for transitioning from “single-component, short-term” approaches toward “multidomain, life-course” 
precision nutrition strategies [66] (Figure 3). 
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Figure 3. Precision nutrition framework integrating multi-omics profiling and personalized Mediterranean 
diet intervention for neurodegenerative disease management. Comprehensive patient characterization 
incorporates genetic background, lifestyle factors, clinical phenotypes, gut microbiome composition, 
metabolomic signatures, and immune status to establish multidimensional disease-associated profiles. Patients 
are subsequently stratified into distinct pathological or risk-associated subgroups, including low-risk, 
inflammatory-dominant, metabolic-risk, and advanced-stage phenotypes. Based on these classifications, 
personalized Mediterranean diet intervention strategies are designed through optimization of dietary quality, 
targeted nutrient supplementation, precision dietary adjustment, and synergistic lifestyle interventions. 
Longitudinal monitoring is achieved through clinical assessment, biomarker evaluation, digital health tracking, 
and adaptive feedback-based optimization to dynamically refine intervention efficacy. Collectively, this 
integrated framework aims to reduce neuroinflammation, improve metabolic homeostasis, preserve cognitive 
function, and delay neurodegenerative disease progression through individualized dietary modulation and 
systems-level precision medicine approaches. 

6. Conclusions 

Current epidemiological and mechanistic studies consistently indicate that the Mediterranean 
diet exerts clear neuroprotective effects against neurodegenerative diseases such as AD and PD 
through anti-inflammatory, antioxidant, gut–brain axis modulation, and multitarget synergistic 
mechanisms. Among its components, olive oil polyphenols, omega-3 faĴy acids, and dietary fiber 
appear to be the most critical bioactive constituents. Their effects involve molecular mechanisms such 
as inhibition of the NF-κB/NLRP3 inflammatory pathway, activation of the NRF2 antioxidant system, 
promotion of SCFA production, and regulation of the tryptophan–AhR axis. 

However, the current body of evidence remains dominated by observational studies, while 
large-scale, long-term RCTs are still lacking. Protective effects are significantly influenced by factors 
such as genetic background (including APOE ε4 status), gut microbiota characteristics, and food 
processing methods, which limit both the standardization and personalization of intervention 
strategies. Future research should integrate nutrigenomics, metabolomics, and microbiomics to 
advance precision nutrition strategies and the development of functional foods, while also paying 
close aĴention to the impact of cooking and processing on bioactive compounds. Such efforts will 
help move the Mediterranean diet from a broad “dietary paĴern” toward an evidence-based 
neuroprotective intervention. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

AD Alzheimer's disease 
AhR Aryl hydrocarbon receptor 
Akt Protein kinase B 
ALS Amyotrophic lateral sclerosis 
APOE ε4 Apolipoprotein E ε4 allele 
APP Amyloid precursor protein 
Aβ Amyloid beta 
BACE1 Beta-secretase 1 
BBB Blood-brain barrier 
COMT Catechol-O-methyltransferase 
DASH Dietary Approaches to Stop Hypertension 
DHA Docosahexaenoic acid 
EPA Eicosapentaenoic acid 
EVOO Extra virgin olive oil 
GSK-3β Glycogen synthase kinase-3β 
HT Hydroxytyrosol 
IL-1β Interleukin-1β 
IL-6 Interleukin-6 
IPA Indole-3-propionic acid 
MIND Mediterranean-DASH Intervention for Neurodegenerative Delay 
MS Multiple sclerosis 
NF-κB Nuclear factor-κB 
NLRP3 NOD-like receptor family pyrin domain-containing protein 3 
NRF2 Nuclear factor erythroid 2-related factor 2 
OA Oleuropein aglycone 
OC Oleocanthal 
PD Parkinson's disease 
RCT Randomized controlled trial 
SCFAs Short-chain fatty acids 
TMAO Trimethylamine N-oxide 
TNF Tumor necrosis factor 
TNF-α Tumor necrosis factor-α 
TREM2 Triggering receptor expressed on myeloid cells 2 
Trp–AhR Trp–AhR Tryptophan–Aryl Hydrocarbon Receptor 
RCTs Randomized Controlled Trials 
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