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Senotherapeutic potential of Mediterranean diet-derived bioac-
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Abstract
Population aging is accompanied by an increasing burden of frailty, sarcopenia, metabolic dysfunction, neu-
rodegeneration, and other age-related conditions. Growing evidence suggests that nutrition may influence 
biological aging through pathways related to cellular senescence, chronic low-grade inflammation, oxidative 
stress, mitochondrial function, and gut microbiota composition. The Mediterranean diet is one of the most ex-
tensively studied dietary patterns for healthy aging and provides a complex matrix of plant foods, extra-virgin 
olive oil, fiber, unsaturated fatty acids, and diverse bioactive compounds. This review discusses the potential 
relevance of Mediterranean diet-derived bioactives to senescence-related mechanisms and frailty-related 
outcomes. Mechanistic links involving inflammatory signaling, redox balance, nutrient-sensing pathways, mi-
tochondrial homeostasis, gut microbiota-mediated immune regulation, and functional decline are considered. 
Although preclinical evidence supports the biological plausibility of these effects, human evidence remains het-
erogeneous, and direct clinical proof of senolytic or senomorphic activity from habitual Mediterranean diet ex-
posure is still limited. Therefore, Mediterranean diet-derived bioactives should be interpreted as components 
of a multi-target nutritional strategy rather than as isolated anti-aging agents. Future studies should integrate 
dietary assessment, biomarkers of cellular senescence, microbiome and metabolome profiling, inflammatory 
markers, and standardized functional outcomes to clarify whether Mediterranean diet-based approaches can 
delay frailty and promote healthy longevity through senescence-related mechanisms.
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Introduction

Population aging is reshaping the global burden of dis-
ease by increasing the prevalence of frailty, sarcopenia, 
cognitive decline, cardiometabolic disorders, neurode-
generative diseases, and multimorbidity. Aging is no 
longer regarded simply as a chronological process, but as 
a complex biological phenomenon characterized by in-
terconnected molecular and cellular alterations, including 
genomic instability, epigenetic remodeling, mitochondrial 
dysfunction, altered nutrient sensing, chronic inflamma-

tion, dysregulated intercellular communication, stem cell 
exhaustion, and cellular senescence [1]. Among these 
mechanisms, cellular senescence has gained particular at-
tention because senescent cells can accumulate in tissues 
with age and secrete pro-inflammatory, pro-fibrotic, and 
tissue-remodeling mediators collectively known as the 
senescence-associated secretory phenotype (SASP). This 
phenotype may contribute to impaired tissue repair, low-
grade inflammation, metabolic dysfunction, and functional 
decline, thereby linking biological aging with age-related 
diseases and geriatric syndromes [1, 2].
Frailty represents one of the most clinically relevant 
manifestations of biological aging. It is commonly con-
ceptualized as a state of reduced physiological reserve 
and increased vulnerability to stressors, leading to adverse 
outcomes such as falls, hospitalization, disability, depen-
dency, and mortality [3]. Although frailty is multifactorial, 
nutrition is among the most modifiable determinants of its 
onset and progression. Inadequate energy and protein in-
take, micronutrient insufficiency, poor diet quality, chronic 
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inflammation, oxidative stress, dysbiosis, and reduced 
muscle anabolism may interact to accelerate physical de-
cline in older adults. Conversely, dietary patterns rich in 
anti-inflammatory and antioxidant components may sup-
port muscle function, immune regulation, metabolic resil-
ience, and healthy aging trajectories [4, 5].
The Mediterranean diet is one of the most extensively in-
vestigated dietary patterns in relation to aging and chronic 
disease prevention. Characterized by high consumption 
of vegetables, fruits, legumes, whole grains, nuts, olive 
oil, herbs, and moderate intake of fish and other sources 
of unsaturated fatty acids, this pattern provides a complex 
matrix of bioactive compounds, including polyphenols, 
carotenoids, phytosterols, dietary fiber, monounsaturated 
fatty acids, omega-3 fatty acids, and micronutrients. 
Recent evidence suggests that adherence to the Mediter-
ranean diet is associated with lower frailty risk and may 
contribute to the prevention of sarcopenia and functional 
decline in older adults [4, 5]. However, the biological 
plausibility of these effects extends beyond conventional 
nutrient adequacy. Mediterranean diet-derived bioactives 
may influence cellular senescence, inflammaging, redox 
homeostasis, mitochondrial function, gut barrier integrity, 
and microbiota-derived metabolites, which are increas-
ingly recognized as interconnected mechanisms of healthy 
aging [6, 7].
The concept of nutritional senotherapeutics has emerged 
from the broader field of geroscience, in which interven-
tions are evaluated according to their capacity to target 
fundamental mechanisms of aging rather than single 
diseases alone. Senotherapeutic strategies are commonly 
divided into senolytics, which aim to selectively eliminate 
senescent cells, and senomorphics, which aim to suppress 
harmful senescence-associated phenotypes without neces-
sarily removing senescent cells [8]. Several plant-derived 
compounds found in or compatible with Mediterranean 
dietary patterns, including quercetin, fisetin, resveratrol, 
oleuropein, hydroxytyrosol, curcumin, and epigallocat-
echin gallate, have been investigated for their potential 
to modulate senescence-related pathways in preclinical 
models [7, 8]. Nevertheless, translating these findings 
into dietary recommendations requires caution, because 
the concentrations, formulations, bioavailability, target 
tissues, and clinical endpoints used in experimental se-
nescence research may differ substantially from habitual 
dietary exposure in humans.
Therefore, Mediterranean diet-derived bioactives should 
not be presented as isolated anti-aging agents or substi-
tutes for established clinical care. Rather, they may be 
better understood as components of a multi-target nutri-
tional strategy that acts through overlapping mechanisms, 
including attenuation of chronic low-grade inflammation, 
improvement of oxidative stress responses, modulation of 
nutrient-sensing pathways, preservation of gut microbiota 
diversity, and support of muscle and immune function. 
This review aims to discuss the senotherapeutic potential 
of Mediterranean diet-derived bioactives in healthy aging, 
with particular emphasis on their links with inflammag-
ing, gut microbiota, and frailty. By integrating mechanis-

tic and clinical evidence, this review seeks to clarify both 
the promise and the current limitations of nutrition-based 
senotherapeutic approaches for delaying functional de-
cline and promoting healthy longevity.

Methodology

This narrative review was informed by targeted literature 
searches conducted in PubMed/MEDLINE, Scopus, Web 
of Science, and Google Scholar from database inception 
to May 2026. The search strategy combined terms related 
to the Mediterranean diet and its bioactive components, 
including “Mediterranean diet,” “bioactive compounds,” 
“polyphenols,” “olive oil phenolics,” “hydroxytyro-
sol,” “oleuropein,” “resveratrol,” “quercetin,” “fisetin,” 
“curcumin,” “epigallocatechin gallate,” “omega-3 fatty 
acids,” and “dietary fiber,” with terms related to ag-
ing biology and geriatric outcomes, including “cellular 
senescence,” “senotherapeutics,” “senolytics,” “seno-
morphics,” “SASP,” “inflammaging,” “oxidative stress,” 
“mitochondrial dysfunction,” “gut microbiota,” “frailty,” 
“sarcopenia,” and “healthy aging.” Priority was given to 
mechanistic studies, preclinical evidence, observational 
studies, human dietary intervention trials, and reviews 
that directly addressed Mediterranean diet-related bioac-
tives, senescence-related pathways, microbiota-mediated 
mechanisms, frailty, or sarcopenia. Because the aim was 
to provide a conceptual and mechanistic synthesis rather 
than a systematic review, no formal risk-of-bias assess-
ment or meta-analysis was performed. The evidence was 
interpreted cautiously, with particular attention to distin-
guishing experimental or supplement-based findings from 
evidence derived from habitual Mediterranean diet expo-
sure in humans.

Biological aging, cellular senescence, and nu-
tritional senotherapeutics

Cellular senescence is a key mechanism linking biological 
aging with chronic inflammation, impaired tissue repair, 
metabolic dysfunction, and functional decline. Senescent 
cells are characterized by stable cell-cycle arrest, resis-
tance to apoptosis, altered metabolic activity, mitochon-
drial dysfunction, and secretion of pro-inflammatory and 
tissue-remodeling mediators collectively known as the 
senescence-associated secretory phenotype (SASP) [1, 2]. 
Although senescence has beneficial roles in tumor sup-
pression, wound healing, and tissue remodeling, the per-
sistent accumulation of senescent cells during aging may 
contribute to inflammaging, impaired regeneration, and 
age-related clinical phenotypes such as frailty and sarco-
penia [1, 2, 9].
Senotherapeutic interventions are generally classified into 
two main categories. Senolytics aim to selectively elimi-
nate senescent cells by targeting their survival pathways, 
whereas senomorphics suppress or modify harmful senes-
cence-associated phenotypes, particularly SASP activity, 
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without necessarily removing senescent cells [8, 10]. A 
broader and more cautious category may be described as 
senescence-modulating interventions, which influence 
pathways associated with cellular stress, redox balance, 
mitochondrial function, nutrient sensing, autophagy, apop-
tosis resistance, and inflammatory signaling, but do not 
provide direct evidence of senescent cell clearance. This 
distinction is important when interpreting diet-derived 
compounds, because most nutritional exposures are not 
equivalent to pharmacological senolytic interventions.
Within this framework, the term “nutritional senothera-
peutics” should be used cautiously. Several plant-derived 
compounds found in or compatible with Mediterranean-
style dietary patterns, including quercetin, fisetin, resve-
ratrol, hydroxytyrosol, oleuropein, curcumin, and epigal-
locatechin gallate, have been investigated in relation to 
senescence-related pathways [7, 11, 12]. However, much 
of this evidence comes from cell culture, animal models, 
or studies using purified compounds or supplements at 
doses that may not reflect habitual dietary intake. There-
fore, Mediterranean diet-derived bioactives should not be 
presented as established clinical senolytics. A more appro-
priate interpretation is that they may exert senomorphic, 
senolytic-like, or senescence-modulating effects under 
specific experimental conditions, while habitual Medi-
terranean dietary patterns may influence aging biology 
through cumulative and indirect mechanisms.
The main pathways through which Mediterranean diet-
derived bioactives may intersect with senescence biology 
include nuclear factor-κB (NF-κB)-mediated inflamma-
tory signaling, nuclear factor erythroid 2-related factor 
2 (Nrf2)-related antioxidant responses, AMP-activated 
protein kinase (AMPK) and sirtuin 1 (SIRT1)-related 
nutrient-sensing pathways, mitochondrial quality control, 
autophagy, gut barrier integrity, and microbiota-derived 
short-chain fatty acids (SCFAs). These pathways are rel-
evant to biological aging, but they are not unique to the 
Mediterranean diet. Rather, the distinctive feature of the 
Mediterranean dietary pattern is that it combines multiple 
food-derived bioactives, fiber, unsaturated fatty acids, mi-
cronutrients, and nutrient-dense foods within a whole-diet 
matrix.
Accordingly, this review uses the term “senotherapeutic 
potential” as a hypothesis-generating concept rather than 
as evidence of proven clinical senolytic activity. The 
strongest current interpretation is that Mediterranean diet-
derived bioactives may help create a biological environ-
ment less permissive to chronic inflammation, oxidative 
stress, mitochondrial dysfunction, dysbiosis, and senes-
cence-associated tissue dysfunction. Whether these effects 
translate into measurable reductions in senescent cell 
burden or clinically meaningful improvements in frailty 
trajectories in humans remains an important question for 
future research.

Mediterranean diet as a multi-target nutrition-
al model for healthy aging

The Mediterranean diet provides a useful model for 

healthy aging because it is not defined by a single nutri-
ent, compound, or isolated mechanism. Rather, it repre-
sents a whole-diet pattern characterized by high intake 
of vegetables, fruits, legumes, whole grains, nuts, seeds, 
herbs, and extra-virgin olive oil; moderate intake of fish, 
seafood, and fermented dairy products; and relatively low 
intake of red meat, processed meat, refined grains, and 
ultra-processed foods [13, 14]. This dietary structure pro-
vides a complex matrix of fiber, unsaturated fatty acids, 
polyphenols, carotenoids, phytosterols, vitamins, miner-
als, and other bioactive compounds that may act through 
complementary inflammatory, oxidative, metabolic, vas-
cular, microbial, and immune-related pathways.
From a geroscience perspective, the Mediterranean diet is 
relevant not because any single component can be regard-
ed as a proven anti-aging agent, but because the overall 
dietary pattern may influence several biological processes 
that contribute to functional decline. These processes in-
clude chronic low-grade inflammation, redox imbalance, 
mitochondrial dysfunction, impaired nutrient sensing, en-
dothelial dysfunction, gut barrier impairment, dysbiosis, 
and altered immune-metabolic regulation [1, 6, 13]. These 
mechanisms are not unique to the Mediterranean diet, and 
similar pathways may be influenced by other high-quality 
dietary patterns. However, the Mediterranean diet is a 
clinically and epidemiologically important model because 
it combines multiple food groups and bioactive constitu-
ents within a pattern that has been extensively studied in 
relation to cardiometabolic health, frailty, sarcopenia, and 
healthy aging [4, 5, 15, 16].
The evidence linking the Mediterranean diet with frailty 
and functional outcomes is stronger at the level of dietary 
patterns than at the level of isolated senotherapeutic mech-
anisms. Observational and interventional studies suggest 
that higher adherence to the Mediterranean diet may be 
associated with lower frailty risk, better physical func-
tion, and more favorable aging-related health profiles [4, 
5, 16]. The NU-AGE intervention further suggested that 
a Mediterranean-style dietary intervention may alter the 
gut microbiome in older adults in a direction associated 
with reduced frailty and improved health status [17]. Nev-
ertheless, these findings should be interpreted cautiously 
because Mediterranean diet adherence is also related to 
broader lifestyle, socioeconomic, physical activity, and 
health-related factors, and because most human studies do 
not directly measure cellular senescence biomarkers.
Accordingly, the Mediterranean diet should be positioned 
as a multi-target nutritional model rather than as a direct 
senotherapeutic intervention. Its potential relevance to 
senescence-related biology lies in the convergence of 
several indirect and overlapping pathways: attenuation of 
inflammaging, improvement of redox balance, support of 
mitochondrial and metabolic homeostasis, modulation of 
gut microbiota-derived metabolites, and preservation of 
nutrient adequacy. This framework helps distinguish three 
levels of evidence: mechanistic plausibility from cell and 
animal models, human evidence on Mediterranean diet 
adherence and functional outcomes, and the still limited 
evidence directly linking habitual Mediterranean diet ex-
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posure with validated senescence biomarkers in humans.
This distinction guides the structure of the following 
sections. Section 4 focuses on selected Mediterranean 
diet-derived or Mediterranean-compatible bioactive com-
pounds and classifies their potential senescence-related 
actions according to the strength and type of evidence. 
Section 5 then synthesizes the major shared pathways, 
particularly inflammaging, oxidative stress, and mito-
chondrial function, while Section 6 focuses specifically on 
the gut microbiota as a mediator between Mediterranean 
diet-derived bioactives and healthy aging. This organiza-
tion avoids the interpretation that these mechanisms are 
specific to the Mediterranean diet or that they prove direct 
senolytic activity in humans.

Mediterranean diet-derived bioactive com-
pounds and senescence-related pathways

Mediterranean diet-derived bioactives may intersect with 
senescence-related biology through inflammatory, oxida-
tive, mitochondrial, metabolic, endothelial, and microbi-
ota-mediated pathways. However, the strength and type 
of evidence differ substantially across compounds and 

outcomes. For this reason, it is important to distinguish 
between three levels of interpretation: experimental evi-
dence from cell culture and animal models, human studies 
using isolated compounds or supplements, and evidence 
derived from habitual Mediterranean diet adherence in 
free-living populations. These levels should not be treated 
as equivalent (Table 1).
In experimental models, several plant-derived compounds 
found in or compatible with Mediterranean-style dietary 
patterns have been shown to influence pathways involved 
in cellular stress responses, apoptosis resistance, SASP 
activity, mitochondrial quality control, autophagy, and 
inflammatory signaling [7, 11, 12]. These findings sup-
port biological plausibility, but they do not establish that 
ordinary dietary exposure produces clinically meaningful 
senolytic effects in humans. Therefore, the compounds 
discussed in this section are best interpreted as potential 
senescence-modulating bioactives rather than as estab-
lished clinical senolytics. The proposed relationships 
between Mediterranean diet-derived bioactives, shared 
mechanistic pathways, and frailty-related outcomes are 
summarized in Figure 1.
Extra-virgin olive oil is a defining component of the Med-
iterranean diet and provides monounsaturated fatty acids 
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Figure 1. Proposed mechanisms linking Mediterranean diet-derived bioactives with inflammaging, gut microbiota, cellular senescence, and 
frailty. Mediterranean diet-derived bioactives, including polyphenols, carotenoids, omega-3 fatty acids, and microbiota-accessible carbohydrates, 
may support healthy aging through multi-target effects on oxidative stress, inflammatory signaling, gut microbiota composition, short-chain fatty acid 
production, mitochondrial function, nutrient-sensing pathways, and senescence-related mechanisms. These pathways may collectively contribute to 
reduced frailty risk, delayed sarcopenia and functional decline, improved muscle and physical function, and greater resilience in older adults. Arrows 
indicate proposed biological relationships rather than definitive causal proof in humans. This figure is an original figure created by the author and 
was not adapted from a previously published source. AMPK: AMP-activated protein kinase; SIRT1: sirtuin 1; Nrf2: nuclear factor erythroid 2-related 
factor 2; NF-κB: nuclear factor-κB; SASP: senescence-associated secretory phenotype; SCFAs: short-chain fatty acids.
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together with phenolic compounds such as hydroxytyro-
sol, tyrosol, oleuropein, and oleocanthal. Hydroxytyrosol 
and oleuropein have been investigated for antioxidant, 
anti-inflammatory, neuroprotective, myoprotective, and 
microbiota-related effects relevant to aging [18, 19]. 
Mechanistically, these compounds may influence redox 
balance, inflammatory signaling, mitochondrial function, 
and proteostasis. However, direct human evidence show-
ing that olive oil phenolics reduce senescent cell burden 
or validated senescence biomarkers remains limited. Their 
relevance is therefore strongest as part of a whole Medi-
terranean dietary pattern rather than as isolated senothera-
peutic agents.
The compounds listed should be interpreted as potential 
senescence-modulating dietary bioactives rather than 
established clinical senolytics. The proposed senothera-
peutic classification is intended to distinguish compounds 
with direct preclinical senolytic-like evidence from 
those that may act primarily through senomorphic, anti-
inflammatory, antioxidant, metabolic, mitochondrial, 
or microbiota-mediated pathways. Evidence levels are 
qualitative and were assigned according to the balance of 
available data as follows: “strong preclinical and mecha-
nistic evidence” indicates repeated support from cell 
culture, animal, or molecular studies, but not necessarily 
direct clinical confirmation; “moderate clinical evidence” 
indicates the presence of human observational or interven-
tion studies supporting related inflammatory, metabolic, 
muscle, microbiota, or functional outcomes, although not 
necessarily direct senescence endpoints; “limited human 
evidence” indicates that human studies are scarce, indi-
rect, supplement-based, heterogeneous, or do not include 
validated senescence biomarkers; and “senescence-specific 
evidence” refers only to studies that directly assess senes-
cence-related markers such as p16INK4a, p21, SASP mark-
ers, DNA damage response markers, or related cellular 
senescence signatures. These classifications are therefore 
intended to guide cautious interpretation rather than to 
provide a formal grading of evidence. 
Resveratrol is among the most widely studied dietary 
polyphenols in aging research. It has been linked to sirtuin 
1, AMPK, mitochondrial biogenesis, autophagy, endothe-
lial function, and inflammatory pathways in experimental 
and supplement-based studies [20]. Nevertheless, many 
reported effects occur at doses or formulations that may 
not be achievable through ordinary dietary intake. Human 
trial evidence is heterogeneous and often focuses on car-
diometabolic or inflammatory outcomes rather than direct 
senescence biomarkers. Thus, resveratrol should be inter-
preted as a mechanistically relevant compound, but not 
as proof that Mediterranean diet exposure has established 
senolytic activity in humans.
Quercetin and fisetin require particularly careful inter-
pretation because they are frequently discussed in the 
senolytic literature. Quercetin is present in onions, apples, 
berries, capers, and several vegetables, while fisetin is 
found in strawberries, apples, persimmons, grapes, and 
cucumbers. In preclinical and pharmacological contexts, 
these compounds may influence senescent cell survival 

All Rights Reserved

pathways, apoptosis-related signaling, oxidative stress re-
sponses, and senescence-associated inflammatory media-
tors [11, 12]. However, evidence from purified compounds 
or supplement-based protocols cannot be directly extrapo-
lated to habitual dietary intake. Within a Mediterranean-
style diet, quercetin and fisetin are more appropriately 
described as contributors to a broader polyphenol-rich 
pattern with potential senescence-modulating effects.
Curcumin and epigallocatechin gallate are not core tradi-
tional Mediterranean diet components, but they are often 
discussed in relation to plant-derived compounds with se-
nescence-modulating potential. Curcumin has been stud-
ied for effects on inflammatory signaling, oxidative stress, 
autophagy, and cellular stress responses, whereas epigal-
locatechin gallate has been linked to redox regulation, mi-
tochondrial function, inflammatory modulation, and meta-
bolic pathways [7]. Their inclusion in this review should 
therefore be understood as Mediterranean-compatible or 
comparative examples of plant-derived bioactives rather 
than as defining components of the traditional Mediter-
ranean dietary pattern. In both cases, clinical translation 
depends on dose, formulation, bioavailability, safety, and 
the use of relevant human endpoints.
Carotenoids, dietary fiber, microbiota-accessible carbo-
hydrates, omega-3 fatty acids, nuts, seeds, and legumes 
may also contribute to healthy aging, but their relation-
ship with senescence is largely indirect. Carotenoids may 
support redox balance, immune function, vascular health, 
and visual function [21]. Dietary fiber and microbiota-ac-
cessible carbohydrates may promote short-chain fatty acid 
production, gut barrier integrity, and immune-metabolic 
regulation [17]. Long-chain omega-3 fatty acids may sup-
port inflammation resolution, membrane function, vascu-
lar health, and muscle-related outcomes [22]. Nuts, seeds, 
and legumes provide unsaturated fatty acids, plant protein, 
minerals, fiber, and polyphenols that may support cardio-
metabolic and functional resilience. These components are 
clinically relevant to aging and frailty, but they should not 
be described as direct senolytic interventions.
Overall, Mediterranean diet-derived bioactives provide a 
biologically plausible framework for linking diet quality 
with cellular stress responses, inflammaging, mitochon-
drial function, gut microbiota, and functional aging. The 
strongest evidence currently supports anti-inflammatory, 
antioxidant, metabolic, microbiota-related, and functional 
pathways. The weakest area remains direct evidence that 
habitual Mediterranean diet exposure reduces senescent 
cell burden or improves validated senescence biomark-
ers in humans. Future studies should therefore combine 
detailed dietary assessment with senescence-associated 
biomarkers, inflammatory profiles, microbiome data, me-
tabolomics, and functional outcomes such as grip strength, 
gait speed, exhaustion, falls, and frailty status.

Inflammaging, oxidative stress, and mitochon-
drial function

Inflammaging, oxidative stress, and mitochondrial dys-
function are shared biological pathways that may connect 
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diet quality with frailty, sarcopenia, and functional de-
cline. These mechanisms are not specific to the Mediter-
ranean diet, nor do they provide direct evidence of seno-
lytic activity. However, they offer a biologically plausible 
framework for understanding how Mediterranean diet-
derived bioactives may support healthier aging trajectories 
when consumed as part of a nutrient-dense whole-diet 
pattern.
Inflammaging refers to chronic low-grade inflammation 
that develops with aging and may contribute to muscle 
catabolism, impaired anabolic responses, fatigue, im-
mune dysregulation, and reduced resilience to stressors 
[1, 2]. The SASP is one contributor to this inflammatory 
environment, but it is not the only source of age-related 
inflammation. Visceral adiposity, metabolic dysfunction, 
gut barrier impairment, infections, comorbidities, and 
physical inactivity may also contribute. Mediterranean di-
et-derived polyphenols, unsaturated fatty acids, fiber-rich 
foods, nuts, legumes, fruits, vegetables, and extra-virgin 
olive oil may help reduce inflammatory burden through 
effects on inflammatory signaling, lipid mediators, gut-
derived metabolites, and cardiometabolic health [13, 23, 
24]. Nevertheless, most human studies measure general 
inflammatory markers rather than direct senescence-relat-
ed endpoints.
Oxidative stress is another pathway through which Medi-
terranean diet-derived bioactives may influence aging 
biology. Excessive or poorly regulated reactive oxygen 
species can promote lipid, protein, and DNA damage, 
reinforce inflammatory signaling, impair mitochondrial 
function, and contribute to senescence-associated tissue 
dysfunction [25]. Polyphenols, carotenoids, vitamin E, 
vitamin C, selenium, zinc, and other components of plant-
rich Mediterranean diets may support redox balance by 
enhancing endogenous antioxidant defenses, modulating 
nuclear factor erythroid 2-related factor 2 (Nrf2)-related 
responses, reducing oxidative damage, and improving the 
inflammatory environment [23, 26]. These effects should 
be interpreted as redox-modulating and cytoprotective 
rather than as proof of direct senescent cell clearance.
Mitochondrial function is closely linked to muscle per-
formance, energy metabolism, redox signaling, apopto-
sis, immune activation, and recovery from physiological 
stress. Age-related mitochondrial dysfunction may con-
tribute to impaired endurance, reduced muscle strength, 
metabolic inflexibility, and frailty-related vulnerability 
[25, 27]. Several Mediterranean diet-derived or Medi-
terranean-compatible bioactives, including resveratrol, 
hydroxytyrosol, oleuropein, quercetin, fisetin, curcumin, 
epigallocatechin gallate, and omega-3 fatty acids, have 
been linked in experimental studies to pathways involv-
ing sirtuin 1 (SIRT1), AMPK, mitochondrial biogenesis, 
autophagy, mitophagy, redox regulation, and inflamma-
tion resolution [20, 23, 28, 29]. However, the clinical rel-
evance of these findings depends on dose, bioavailability, 
dietary matrix, baseline health status, physical activity, 
and whether human studies include functional and senes-
cence-related outcomes.
Nutrient-sensing pathways also require careful interpreta-
tion in older adults. AMPK, mammalian target of rapamy-

cin, insulin/insulin-like growth factor-1 signaling, and 
sirtuins are relevant to autophagy, protein homeostasis, 
mitochondrial function, and cellular stress responses [1, 
28]. Although modulation of these pathways is often dis-
cussed as geroprotective, older adults at risk of frailty or 
sarcopenia also require adequate energy, protein, micro-
nutrients, and anabolic support. Therefore, Mediterranean 
diet-based strategies should not prioritize theoretical gero-
protective pathway modulation at the expense of muscle 
preservation, protein adequacy, and functional capacity.
Overall, the most defensible interpretation is that Mediter-
ranean diet-derived bioactives may attenuate biological 
conditions that favor senescence-associated tissue dys-
function, including chronic inflammation, redox imbal-
ance, mitochondrial stress, and impaired nutrient sensing. 
These effects may contribute to healthier aging and lower 
frailty risk, but they should be understood as indirect and 
multi-target actions rather than as demonstrated clinical 
senolytic effects in humans. Future studies should test this 
model using integrated endpoints that include inflamma-
tory markers, oxidative stress indicators, mitochondrial 
function measures, senescence-associated biomarkers, 
dietary metabolites, and clinically meaningful outcomes 
such as grip strength, gait speed, fatigue, falls, hospitaliza-
tion, disability, and frailty status.

Gut microbiota as a mediator between Medi-
terranean bioactives and healthy aging

The gut microbiota has become a central component of 
healthy aging research because it connects diet, immune 
regulation, metabolism, inflammation, and functional 
decline. Aging is often accompanied by reduced micro-
bial diversity, lower abundance of beneficial short-chain 
fatty acid-producing bacteria, greater inter-individual 
variability, increased pathobiont expansion, impaired gut 
barrier function, and higher susceptibility to inflammation 
[30, 31]. These changes are not uniform across all older 
adults, and they are strongly influenced by habitual diet, 
medication exposure, physical activity, comorbidities, 
hospitalization, socioeconomic factors, and living envi-
ronment. Nevertheless, microbiota-related alterations may 
contribute to inflammaging, anabolic resistance, immune 
dysregulation, and frailty progression.
The Mediterranean diet is particularly relevant to the gut 
microbiota because it provides multiple substrates and 
modulators for microbial metabolism. Dietary fiber from 
legumes, vegetables, fruits, nuts, and whole grains sup-
ports microbial fermentation and short-chain fatty acid 
production. Polyphenols from olive oil, fruits, herbs, nuts, 
and vegetables can be transformed by gut microbes into 
smaller phenolic metabolites with systemic biological 
activity. Unsaturated fatty acids, plant proteins, micronu-
trients, and fermented foods may also influence microbial 
ecology, gut barrier integrity, bile acid metabolism, and 
immune signaling [6, 32]. Therefore, the microbiota-
related effects of the Mediterranean diet are likely to arise 
from the combined influence of food structure, nutrient 
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density, bioactive compounds, and long-term dietary pat-
tern adherence rather than from any single compound.
The NU-AGE dietary intervention provides one of the 
most important human datasets connecting Mediterranean 
diet, gut microbiota, frailty, and healthy aging. In this 
1-year intervention across five European countries, adher-
ence to a Mediterranean-style diet altered the gut micro-
biome in older adults and was associated with changes 
linked to reduced frailty and improved health status [17]. 
The intervention enriched taxa associated with short-chain 
fatty acid production and reduced taxa associated with 
inflammatory profiles. These findings support the idea that 
diet-induced microbiome modulation may contribute to 
healthier aging trajectories. However, the study also high-
lights the complexity of translating microbiome shifts into 
clinical recommendations, because individual responses 
varied and were influenced by baseline microbiota com-
position, habitual diet, and host characteristics.
Short-chain fatty acids are among the most biologically 
plausible mediators linking Mediterranean diet adherence 
with inflammaging and frailty-related outcomes. Acetate, 
propionate, and butyrate are produced through microbial 
fermentation of dietary fiber and resistant starch. These 
metabolites can influence epithelial barrier integrity, mu-
cin production, regulatory T-cell differentiation, histone 
deacetylase activity, inflammatory signaling, glucose and 
lipid metabolism, appetite regulation, and mitochondrial 
function [33, 34]. Butyrate is particularly relevant for 
gut barrier maintenance and anti-inflammatory signaling, 
while propionate and acetate may contribute to systemic 
metabolic regulation. Through these mechanisms, short-
chain fatty acids may reduce gut-derived inflammatory 
stimuli and support immune-metabolic homeostasis in 
older adults.
Polyphenol–microbiota interactions provide another 
important link between Mediterranean bioactives and se-
nescence-related biology. Many polyphenols have limited 
absorption in the upper gastrointestinal tract and reach 
the colon, where they are metabolized by gut bacteria 
into smaller phenolic acids and other metabolites. These 
microbial transformations may increase or modify bio-
logical activity, while polyphenols themselves can shape 
microbial composition by inhibiting some taxa and sup-
porting others [6, 35]. For example, olive oil phenolics, 
flavonoids, and other plant-derived compounds may influ-
ence microbial metabolites involved in oxidative stress 
responses, inflammation, endothelial function, and energy 
metabolism. This bidirectional relationship means that the 
health effects of Mediterranean polyphenols may partly 
depend on the metabolic capacity of an individual’s gut 
microbiota.
The gut–muscle axis is especially relevant to frailty. Skel-
etal muscle function is affected not only by protein intake 
and physical activity but also by systemic inflammation, 
insulin sensitivity, mitochondrial function, amino acid 
availability, and microbial metabolites. Dysbiosis may 
contribute to muscle decline through increased intestinal 
permeability, endotoxin-related inflammation, impaired 
nutrient utilization, and altered bile acid or short-chain fat-
ty acid signaling [36]. Conversely, Mediterranean dietary 

patterns may support muscle function by combining ad-
equate nutrient density with fiber-driven microbial metab-
olites, anti-inflammatory bioactives, and cardiometabolic 
benefits. Emerging evidence also suggests that specific 
gut microbes may be associated with muscle strength, 
although causal evidence in humans remains preliminary 
and should not yet be translated into probiotic claims.
Gut microbiota may also mediate interactions between 
Mediterranean diet adherence and cognitive or metabolic 
aging. Microbial metabolites can influence the gut–brain 
axis through immune, endocrine, neural, and metabolic 
pathways, including vagal signaling, tryptophan me-
tabolism, bile acid transformation, and short-chain fatty 
acid production [37]. These pathways may be relevant to 
neuroinflammation, blood–brain barrier function, mood, 
cognition, and neurodegenerative risk. At the same time, 
the microbiota contributes to cardiometabolic regulation 
through effects on insulin sensitivity, lipid metabolism, 
blood pressure, and systemic inflammation. Because frail-
ty frequently coexists with cognitive decline, metabolic 
dysfunction, and multimorbidity, microbiota-mediated ef-
fects may have broad relevance for geriatric health.
Despite this promise, the microbiota should not be pre-
sented as a simple causal explanation for the benefits of 
the Mediterranean diet. Microbiome studies are affected 
by methodological heterogeneity, including differences 
in sequencing techniques, taxonomic resolution, statisti-
cal analysis, dietary assessment, geographic background, 
medication exposure, and definitions of frailty. Moreover, 
microbiota composition is highly individualized, and the 
same dietary intervention may produce different microbial 
and clinical responses across older adults. Antibiotics, 
proton pump inhibitors, metformin, laxatives, polyphar-
macy, oral health, chewing ability, constipation, and insti-
tutionalization may also modify diet–microbiota relation-
ships in aging populations.
Therefore, the most appropriate interpretation is that gut 
microbiota represents a major mediator and modifier 
of the relationship between Mediterranean diet-derived 
bioactives and healthy aging. It may help explain why 
plant-rich, fiber-rich, polyphenol-rich dietary patterns are 
associated with lower inflammation and better functional 
outcomes, but it is unlikely to act independently of broad-
er host and lifestyle factors. Future studies should com-
bine Mediterranean diet interventions with metagenomics, 
metabolomics, inflammatory biomarkers, intestinal per-
meability markers, senescence-associated biomarkers, and 
standardized frailty outcomes. Such integrated designs are 
needed to clarify whether microbiota-targeted nutritional 
strategies can meaningfully delay frailty progression and 
improve resilience in older adults.

Frailty, sarcopenia, and functional decline

Frailty and sarcopenia are closely related but distinct age-
associated conditions that reflect reduced physiological 
reserve and impaired functional capacity. Frailty is gener-
ally characterized by increased vulnerability to stressors, 
while sarcopenia is defined by progressive loss of skeletal 
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muscle strength, muscle mass, and physical performance 
[3, 38]. These conditions frequently overlap in older adults 
and share several biological drivers, including chronic 
inflammation, oxidative stress, mitochondrial dysfunction, 
anabolic resistance, malnutrition, physical inactivity, hor-
monal changes, multimorbidity, and gut microbiota altera-
tions. Because frailty and sarcopenia are associated with 
falls, disability, hospitalization, institutionalization, and 
mortality, they represent clinically meaningful endpoints 
for evaluating nutritional strategies in healthy aging.
Nutrition is central to the prevention and management of 
frailty because older adults are vulnerable to both under-
nutrition and poor diet quality. Reduced appetite, chewing 
and swallowing difficulties, sensory changes, social isola-
tion, depression, polypharmacy, gastrointestinal disorders, 
financial constraints, and chronic diseases may reduce 
energy and nutrient intake. Inadequate protein intake 
is particularly important because older skeletal muscle 
shows anabolic resistance, meaning that a higher or more 
strategically distributed protein intake may be required to 
stimulate muscle protein synthesis compared with young-
er adults [39, 40]. European Society for Clinical Nutrition 
and Metabolism (ESPEN) guidance emphasizes that older 
adults should receive adequate energy, protein, micronu-
trients, and fluid to maintain or improve nutritional status, 
with higher protein needs in those who are malnourished, 
at risk of malnutrition, or affected by acute or chronic dis-
ease [39]. 
The Mediterranean diet may contribute to frailty preven-
tion through several complementary pathways. First, it 
provides high-quality dietary patterns rich in vegetables, 
fruits, legumes, whole grains, nuts, fish, olive oil, and 
other nutrient-dense foods. Second, it supplies anti-
inflammatory and antioxidant bioactive compounds that 
may reduce the biological burden of inflammaging. Third, 
it supports gut microbiota diversity and short-chain fatty 
acid production through fiber-rich plant foods. Fourth, it 
may improve cardiometabolic and vascular health, thereby 
preserving mobility, endurance, and tissue perfusion. Re-
cent review evidence suggests that higher adherence to the 
Mediterranean diet may delay sarcopenia onset and im-
prove muscle-related outcomes in older adults, although 
the strength of evidence varies by study design, popula-
tion, and outcome definition [5]. 
Frailty is not simply a consequence of low muscle mass; 
it reflects multi-system dysregulation. The inflammatory 
phenotype of frailty often includes elevated C-reactive 
protein, interleukin-6, tumor necrosis factor-α, and other 
mediators that may impair muscle protein synthesis, in-
crease proteolysis, reduce appetite, alter endocrine signal-
ing, and contribute to fatigue [41]. Oxidative stress and 
mitochondrial dysfunction may further reduce muscle 
endurance and repair capacity. Mediterranean diet-derived 
polyphenols, carotenoids, omega-3 fatty acids, and mi-
cronutrients may theoretically reduce these stressors, but 
their clinical effect depends on the total dietary pattern, 
baseline nutritional status, physical activity, comorbidi-
ties, and adherence. Therefore, a Mediterranean-style diet 
should be framed as a supportive nutritional pattern for 
functional resilience rather than as a direct treatment for 

frailty.
Sarcopenia provides a particularly important bridge 
between Mediterranean dietary patterns and functional 
aging. Skeletal muscle is metabolically active and respon-
sive to protein intake, resistance exercise, inflammatory 
status, insulin sensitivity, mitochondrial function, and hor-
monal regulation. Mediterranean diets are often discussed 
for their anti-inflammatory and cardiometabolic benefits, 
but for sarcopenia prevention, they must also be evalu-
ated for protein adequacy and meal distribution. A plant-
forward Mediterranean diet may be nutritionally excellent 
but still insufficient for muscle preservation if total energy 
intake, protein quantity, indispensable amino acid content, 
vitamin D, calcium, and physical activity are inadequate. 
For this reason, Mediterranean diet-based recommenda-
tions for older adults should include practical attention 
to protein-rich foods such as fish, eggs, dairy products, 
legumes, and, where appropriate, lean poultry, alongside 
resistance or multicomponent exercise.
The gut–muscle axis may also help explain the relation-
ship between Mediterranean diet adherence and functional 
outcomes. Microbial metabolites such as short-chain 
fatty acids can influence inflammation, insulin sensitiv-
ity, mitochondrial function, and immune regulation, all 
of which may affect muscle performance. Dysbiosis, 
reduced microbial diversity, and increased intestinal per-
meability may contribute to systemic inflammation and 
anabolic resistance in older adults [36]. Mediterranean 
dietary patterns may counter some of these processes by 
increasing fiber intake, improving microbiota-accessible 
carbohydrate availability, and providing polyphenols that 
are metabolized by gut bacteria into bioactive compounds. 
However, causality remains difficult to establish because 
physical activity, medication use, comorbidities, and base-
line diet also shape the microbiome and muscle health.
The relationship between Mediterranean diet-derived bio-
actives and frailty should therefore be interpreted through 
a systems biology framework. Bioactive compounds may 
influence cellular senescence, inflammaging, oxidative 
stress, mitochondrial function, and gut microbiota, while 
the overall dietary pattern may support nutrient adequacy 
and cardiometabolic health. These effects may converge 
on clinically observable outcomes such as grip strength, 
gait speed, exhaustion, unintentional weight loss, physical 
activity, falls, and disability. Nevertheless, current evi-
dence is stronger for associations between Mediterranean 
diet adherence and frailty-related outcomes than for direct 
proof that Mediterranean bioactives reduce senescent cell 
burden in humans.
Several methodological limitations must be addressed 
in future research. Frailty definitions vary widely across 
studies, including phenotype-based, deficit accumulation, 
and multidimensional models. Sarcopenia definitions also 
differ according to criteria, cut-off points, muscle mass 
measurement techniques, and performance tests. Dietary 
adherence scores may not capture specific bioactive com-
pound intake, food processing level, protein distribution, 
or long-term dietary changes. In addition, few studies 
integrate frailty outcomes with biomarkers of senescence, 
microbiome composition, inflammatory profiles, and ob-
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jective physical function measures. These gaps limit the 
ability to determine whether Mediterranean diet-derived 
bioactives act through senescence-related mechanisms or 
through broader nutritional and lifestyle pathways.
In clinical practice, the most defensible approach is to use 
the Mediterranean diet as a flexible dietary pattern that can 
be adapted to the needs of older adults at risk of frailty or 
sarcopenia. This means preserving the core features of the 
diet while ensuring adequate energy, protein, vitamin D, 
calcium, hydration, and meal feasibility. For older adults 
with poor appetite, chronic obstructive pulmonary disease, 
cancer, heart failure, cognitive impairment, or multimor-
bidity, strict plant-forward recommendations may need to 
be modified to avoid unintended weight loss or inadequate 
protein intake. Thus, Mediterranean diet-based strategies 
for frailty prevention should be individualized, function-
oriented, and combined with resistance exercise, fall pre-
vention, social support, and management of underlying 
disease.
Overall, frailty and sarcopenia are the clinical outcomes 
that make the senotherapeutic potential of Mediterranean 
diet-derived bioactives meaningful for geriatric nutrition. 
The biological rationale is strong: Mediterranean dietary 
patterns may reduce inflammatory and oxidative stress, 
support mitochondrial and microbial homeostasis, and 
provide nutrient-dense foods that preserve physical func-
tion. However, the evidence remains insufficient to claim 
that these effects are mediated primarily by senolytic 
mechanisms. Future trials should evaluate Mediterranean 
diet interventions using standardized frailty and sarco-
penia criteria, dietary biomarkers, senescence-associated 
markers, microbiome profiles, and functional outcomes 
over sufficiently long follow-up periods.

Clinical implications and limitations of the evi-
dence

The clinical relevance of Mediterranean diet-derived 
bioactives should be interpreted within the broader frame-
work of evidence-based geriatric nutrition. Their main 
practical value is not as isolated senotherapeutic agents, 
but as components of a nutrient-dense dietary pattern that 
may support inflammatory balance, redox homeostasis, 
cardiometabolic health, gut microbiota composition, and 
functional resilience. Therefore, clinical translation should 
focus on the Mediterranean diet as a flexible whole-diet 
model rather than on high-dose supplementation with in-
dividual compounds.
For generally healthy older adults, the Mediterranean diet 
may be recommended as a preventive dietary pattern that 
supports overall diet quality and healthy aging. In this 
group, the emphasis should be on regular intake of veg-
etables, fruits, legumes, whole grains, nuts, seeds, extra-
virgin olive oil, fish, and other nutrient-dense foods, while 
reducing excessive intake of red meat, processed meat, 
refined grains, and ultra-processed foods. The potential 
benefit of this approach is likely to arise from the cumula-
tive effects of fiber, unsaturated fatty acids, polyphenols, 
carotenoids, micronutrients, and microbial substrates 

rather than from a single bioactive compound.
For older adults at risk of frailty, Mediterranean diet-based 
strategies should be more function-oriented. In addition to 
improving diet quality, clinical attention should be given 
to adequate energy intake, sufficient protein, vitamin D, 
calcium, hydration, appetite, chewing ability, meal ac-
cessibility, physical activity, and resistance or multicom-
ponent exercise [39]. A plant-rich Mediterranean dietary 
pattern may support lower inflammatory and oxidative 
burden, but it should not unintentionally reduce energy 
intake or protein adequacy in individuals with reduced ap-
petite, unintentional weight loss, or functional decline.
For older adults with malnutrition, sarcopenia, chronic 
disease burden, or polypharmacy, Mediterranean diet rec-
ommendations require further individualization. In these 
individuals, strict plant-forward advice may need to be 
adapted to prevent inadequate protein intake, poor energy 
density, or excessive dietary restriction. Practical strate-
gies may include combining vegetables, fruits, legumes, 
whole grains, nuts, and olive oil with adequate protein 
sources such as fish, dairy products, eggs, legumes, and, 
where appropriate, lean poultry. Nutritional care should 
also consider medication–nutrient interactions, anticoagu-
lant use, kidney or liver disease, cancer treatment, gastro-
intestinal tolerance, oral health, and the feasibility of meal 
preparation.
A clear distinction should also be made between Medi-
terranean-style foods and concentrated bioactive supple-
ments. Compounds such as resveratrol, quercetin, fisetin, 
hydroxytyrosol, oleuropein, curcumin, and epigallocat-
echin gallate may be useful in mechanistic or supplement-
based research, but this does not justify presenting them 
as established anti-aging therapies for older adults. For 
example, early human senolytic research using pharma-
cological dasatinib plus quercetin protocols has provided 
preliminary clinical evidence in disease-specific contexts, 
but such findings should not be directly extrapolated to 
habitual Mediterranean dietary exposure or food-based 
bioactive intake [42].
The evidence base has several limitations. Much of the lit-
erature linking Mediterranean diet adherence with frailty 
and healthy aging is observational, making residual con-
founding difficult to exclude. Individuals with higher ad-
herence may also differ in physical activity, socioeconom-
ic status, health literacy, smoking exposure, medication 
use, and access to health care. Intervention trials provide 
stronger evidence, but many focus on cardiometabolic 
or inflammatory outcomes rather than frailty, sarcopenia, 
physical function, or cellular senescence biomarkers. In 
addition, dietary adherence scores may not capture bioac-
tive compound intake, extra-virgin olive oil quality, food 
processing level, cooking methods, meal timing, protein 
distribution, or long-term adherence.
Another important limitation is the lack of direct senes-
cence-related endpoints in most human nutrition studies. 
Many studies measure inflammatory markers, oxidative 
stress indicators, metabolic variables, microbiota profiles, 
or physical function, but these are not specific markers 
of cellular senescence. Biomarkers such as p16INK4a, p21, 
senescence-associated β-galactosidase, SASP proteins, 
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DNA damage response markers, and circulating senes-
cence-related signatures are increasingly discussed in ag-
ing research, but they are not yet routinely integrated into 
dietary intervention trials [43, 44]. Without such markers, 
it remains difficult to determine whether Mediterranean 
diet-derived bioactives influence frailty through senes-
cence modulation or through broader anti-inflammatory, 
metabolic, vascular, microbial, and nutritional pathways.
Overall, the most defensible clinical position is that 
Mediterranean diet-derived bioactives may contribute 
to healthy aging as part of a multi-component lifestyle 
strategy that includes adequate nutrition, resistance exer-
cise, chronic disease management, sleep, social support, 
and reduction of sedentary behavior. The language of 
nutritional senotherapeutics should remain cautious and 
hypothesis-generating until randomized human studies 
demonstrate that Mediterranean diet-based interventions 
can modify validated senescence biomarkers and translate 
these changes into clinically meaningful improvements in 
frailty, sarcopenia, disability, or quality of life.

Future directions

Future research on Mediterranean diet-derived bioactives 
and healthy aging should move from broad associations 
toward mechanism-informed, clinically meaningful, and 
methodologically integrated study designs. The current 
evidence supports biological plausibility, particularly 
through anti-inflammatory, antioxidant, mitochondrial, 
metabolic, and microbiota-mediated pathways. However, 
the field still requires human studies that can determine 
whether Mediterranean dietary patterns or their bioactive 
components modify senescence-associated biology and 
whether such changes translate into improvements in frail-
ty, sarcopenia, disability, or other age-related outcomes.
First, future studies should incorporate validated panels 
of cellular senescence biomarkers rather than relying only 
on general inflammatory or oxidative stress markers. Po-
tential indicators may include p16INK4a, p21, senescence-
associated β-galactosidase activity, DNA damage response 
markers, SASP proteins, circulating extracellular vesicles, 
and transcriptomic or proteomic signatures of senescence 
[43, 45]. Because no single biomarker is sufficient to de-
fine senescence in humans, these markers should be inter-
preted together with clinical and functional outcomes.
Second, clinical endpoints should be standardized and 
function-oriented. Frailty and sarcopenia are highly rel-
evant outcomes, but their definitions vary across studies. 
Future trials should use validated frailty tools and consen-
sus-based sarcopenia criteria, together with objective mea-
sures such as grip strength, gait speed, chair-rise perfor-
mance, short physical performance battery, appendicular 
lean mass, falls, hospitalization, disability, and quality of 
life [3, 38]. This would help determine whether changes 
in biological aging pathways are clinically meaningful.
Third, dietary exposure should be measured with greater 
precision. Mediterranean diet adherence scores are useful, 
but they may not capture bioactive compound exposure, 
extra-virgin olive oil quality, food processing level, cook-

ing methods, meal timing, protein distribution, or long-
term adherence. Future studies should combine dietary 
assessment with biomarkers of intake, such as plasma ca-
rotenoids, fatty acid profiles, urinary polyphenol metabo-
lites, and metabolomic signatures of Mediterranean diet 
adherence [46]. This would reduce measurement error and 
clarify which components of the dietary pattern are most 
strongly linked with senescence-related and frailty-related 
outcomes.
Fourth, microbiome and metabolome profiling should be 
integrated into clinical nutrition trials. The gut microbiota 
may mediate or modify the effects of Mediterranean diet-
derived fiber, polyphenols, unsaturated fatty acids, and 
fermented foods. Future studies should include metage-
nomics, microbial functional profiling, short-chain fatty 
acid measurement, bile acid profiles, tryptophan metabo-
lites, intestinal permeability markers, and inflammatory 
mediators [17]. These data would help clarify whether 
microbiota changes are causal mediators, correlates, or 
consequences of improved diet quality and health status.
Finally, future trials should be longer, pragmatic, and 
clinically adaptable. Aging and frailty develop over years, 
whereas many dietary interventions last only weeks or 
months. Longer trials with realistic dietary counseling, 
adherence support, culturally adaptable Mediterranean 
diet models, and stratified analyses according to age, sex, 
baseline nutritional status, body composition, frailty risk, 
sarcopenia, chronic disease burden, medication use, and 
physical activity are needed. Such studies should also dis-
tinguish food-based Mediterranean diet interventions from 
supplement-based senotherapeutic approaches, because 
these strategies answer different research questions and 
should not be interpreted interchangeably.

Conclusions

Mediterranean diet-derived bioactives provide a biologi-
cally plausible framework for connecting nutrition with 
healthy aging and geroscience. As part of a whole-diet 
pattern, polyphenols, unsaturated fatty acids, dietary fiber, 
carotenoids, micronutrients, and microbiota-accessible 
substrates may support healthy aging through multi-target 
anti-inflammatory, antioxidant, microbiota-related, meta-
bolic, mitochondrial, and possibly senescence-modulating 
mechanisms. These effects may be relevant to frailty and 
sarcopenia because they intersect with pathways involved 
in inflammatory burden, redox balance, gut–immune 
regulation, muscle function, cardiometabolic health, and 
functional resilience.
However, Mediterranean diet-derived bioactives should 
not be interpreted as established clinical senolytics in hu-
mans. Current evidence is strongest for mechanistic plau-
sibility and broader diet-related benefits, whereas direct 
clinical evidence showing that habitual Mediterranean diet 
exposure reduces senescent cell burden or modifies vali-
dated senescence biomarkers remains limited. Therefore, 
the concept of nutritional senotherapeutic potential should 
remain cautious and hypothesis-generating. Future studies 
integrating dietary assessment, bioactive compound bio-
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markers, senescence-associated markers, microbiome and 
metabolome profiling, and standardized frailty and sarco-
penia outcomes are needed to determine whether Mediter-
ranean diet-based interventions can meaningfully delay 
functional decline and promote healthy longevity through 
senescence-related mechanisms.
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