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Abstract

Background/Objectives: Healthy longevity depends on not only lifespan but also the
maintenance of physiological, metabolic, physical, and cognitive functions throughout
aging. Identifying early determinants of health is crucial for preventing age-related decline.
This narrative review aims to synthesize current evidence on how diet and specific nutrients
relate to these early risk factors and indicators of healthy longevity. Methods: A review was
performed to identify the links between dietary factors, energy balance, and gut microbiota
composition and normal body weight; blood cholesterol, pressure, and glucose; healthy
sleep; an active lifestyle; and normal physical function and cognitive performance. Particu-
lar attention was given to Mediterranean and other plant-based dietary models as sources
of key nutrients. Evidence from observational studies, randomized controlled trials, and
meta-analyses was considered. Results: Across all markers, dietary quality and nutrient
adequacy emerged as consistent determinants of health outcomes. Key nutrients were
associated with favorable cardiometabolic, cognitive, and musculoskeletal functions, such
as omega-3 fatty acids, fiber, vitamins D and B, minerals like magnesium and potassium,
and polyphenols. Common nutrition gaps included insufficient intake of fiber, unsaturated
fats, and micronutrients, which was often linked to a shift toward less plant-based diets.
Gut microbiota diversity may mediate several of these associations, influencing metabolism,
inflammation, sleep quality, and cognitive performance, although inter-individual variabil-
ity and causal pathways remain incompletely understood. Conclusions: An integrated
dietary approach emphasizing the consumption of whole and plant-rich foods, with mod-
erate amounts of animal foods, supports multiple early markers, risk factors, and indi-
cators of healthy longevity. The modulation of the gut microbiota through plant-based
diets and fermented foods represents a promising strategy for maintaining health across
aging trajectories.

Keywords: longevity; aging; health; markers; diet; nutrition

1. Introduction

Longevity is not only the result of genetic inheritance, but it also reflects the complex
interplay between environmental, biological, and behavioral factors accumulated across

Nutrients 2026, 18, 1664

https://doi.org/10.3390/nu18111664


https://crossmark.crossref.org/dialog?doi=10.3390/nu18111664&domain=pdf&date_stamp=2026-05-22
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0001-8298-926X
https://orcid.org/0000-0001-8336-4851
https://orcid.org/0000-0003-0475-2712
https://doi.org/10.3390/nu18111664

Nutrients 2026, 18, 1664

20f19

the life course. Among these, diet arises as a crucial and modifiable determinant of health
lifespan and life expectancy [1]. However, although the association between diet and
healthy aging is widely recognized, the strength and consistency of evidence vary substan-
tially across outcomes, populations, and study designs. Disentangling the contribution
of specific nutrients or foods from that of overall dietary patterns remains challenging.
Recent decades have seen a paradigm shift from focusing only on disease treatment to
identifying early determinants that can predict and promote healthy longevity. These
include risk factors such as normal body weight and composition, healthy lipid and glucose
profiles, and blood pressure control, as well as functional indicators such as adequate
sleep, cognitive and physical performance, and an active lifestyle, which are increasingly
recognized as not only indicators of current health but also predictors of resilience against
age-related decline [2]. At the same time, these determinants are heterogeneous in nature
and are supported by different levels of evidence, ranging from observational associations
to stronger evidence from intervention studies for selected outcomes. While these parame-
ters are not biological biomarkers of aging per se, they represent modifiable clinical and
functional determinants associated with favorable aging trajectories. Notably, each of these
markers can be strongly influenced by nutritional patterns and habits. Nevertheless, the
available literature is not always consistent, and causal relationships are often difficult to
establish because of confounding factors, differences in dietary assessment, and variability
in study populations. In this regard, it is important to highlight that the role of diet goes
beyond simple caloric balance. It determines and regulates the body composition, controls
metabolic and cardiovascular risk factors, and contributes to preserving musculoskeletal
and cognitive function. Finally, diet interacts with the gut microbiota, which acts as an
important mediator increasingly seen as central in the diet-health-longevity axis.

This narrative review aims to synthesize current evidence on how diet and specific
nutrients relate to these early determinants of health. Specifically, this review aims to
(i) examine the associations between dietary patterns (with a focus on the Mediterranean
diet and other plant-based dietary models), the intake of nutrients and bioactive com-
pounds, and key clinical and functional determinants of healthy aging; (ii) discuss the
biological mechanisms that may link dietary exposures to aging trajectories, including
metabolic and microbiota-related pathways; and (iii) critically appraise current evidence
by highlighting its consistency, limitations, and remaining knowledge gaps, thus support-
ing the need for further studies integrating traditional clinical indicators with emerging
biological markers of aging. By linking diet to measurable early clinical and functional
indicators, our goal is to provide an integrated perspective for clinicians, researchers, and
public health professionals to identify actionable strategies that foster healthy longevity.

2. Materials and Methods

This narrative review aims to provide an integrative overview of early biomarkers,
risk factors, and functional indicators associated with healthy longevity and to examine
their potential modulation by dietary exposures.

A literature search was conducted using PubMed /MEDLINE (http://www.ncbinlm.
nih.gov/pubmed, accessed on 18 May 2026), Web of Science (www.webofscience.com),
and Scopus (www.scopus.com) up to November 2025, with a primary focus on studies
published in the past 10-15 years while including earlier studies where relevant. The
search strategy included combinations of keywords and MeSH terms such as “healthy
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longevity”, “healthy aging”, “biological aging”, “early biomarkers”, “epigenetic clocks”,
“inflammation”, “metabolic markers”, “diet”, “nutrition”, and “dietary patterns”.
Studies were selected based on their conceptual relevance to early risk factors and

biological indicators predictive of healthy aging trajectories and their association with di-

https://doi.org/10.3390/nu18111664


http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
www.webofscience.com
www.scopus.com
https://doi.org/10.3390/nu18111664

Nutrients 2026, 18, 1664

30f19

etary factors. Priority was given to evidence from large observational cohorts, randomized
controlled trials, meta-analyses, and key mechanistic studies. Only articles published in
English were included.

The reference lists of the selected papers were also manually screened to identify
additional relevant publications. Evidence was synthesized narratively, with attention to
the consistency of findings across studies, the strength and limitations of different study
designs, and the biological plausibility of the proposed mechanisms.

Given the narrative nature of this review, no formal systematic protocol or quantitative
synthesis was applied.

3. Results

The early risk factors and indicators of healthy longevity identified in this review are
summarized in Figure 1. The following sections examine each biomarker individually,
highlighting its physiological significance and summarizing current evidence regarding
key nutrients and potential nutrient gaps that may influence its regulation.
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Figure 1. The early risk factors and indicators of healthy longevity.

3.1. Normal Body Weight and Other Anthropometric Measures
3.1.1. Background

The prevalence of inadequate body weight significantly varies across different coun-
tries. This variation may depend on several factors, such as socioeconomic status, level of
education, and age. Overall, from 1990 to 2022, the age-standardized prevalence of thinness
for males and females decreased in 22% and 40% of countries, respectively, while that of
obesity increased in 93% and 98% [3].

Maintaining an adequate body weight and body mass index is essential for overall
good health, while inadequacies in these parameters are associated with adverse health
outcomes throughout the life course. In particular, obesity represents a major global health
challenge with important clinical implications, and it is responsible for many deaths and
disability-adjusted life years (DALYs) resulting from chronic diseases such as diabetes
mellitus, ischemic heart disease, hypertensive heart disease, chronic kidney disease, and
stroke [4]. In recent decades, the global deaths and DALYs attributable to high body
mass index (BMI) increased more than 2.5-fold. Thus, to address and mitigate the rise in
diabetes, cancer, and other chronic diseases, it is essential to target the causes of obesity [5,6]
and malnutrition, as indicated by the Sustainable Development Goals [7]. However, it is
important to highlight that most of the available evidence linking body weight to long-term
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health outcomes is derived from observational studies, which may be affected by residual
confounding and reverse causality, particularly in older populations. Moreover, the use
of BMI as a proxy for adiposity has well-recognized limitations, as it does not account
for body composition or fat distribution, which may be more strongly associated with
cardiometabolic risk.

3.1.2. Key Nutrients and Nutrient Gaps

Body weight can be affected by several factors, including genotype, age, sex, level of
education, and family habits. Lifestyle plays a major role, as obesity is caused by a long-term
scenario of energy intake exceeding expenditure. Sustained positive energy balance remains
the primary driver of weight gain, with dietary composition influencing satiety, energy
density, and metabolic responses within this broader energetic framework. Numerous
observational and clinical studies have investigated the role of different dietary patterns
on body weight and shown that the Mediterranean diet is associated with the strongest
and most consistent evidence of a beneficial effect on anthropometric parameters and on
related cardiometabolic risk factors [8]. Nevertheless, much of this evidence originates
from observational studies, and the findings from randomized controlled trials, although
generally supportive, are sometimes heterogeneous in the magnitude and duration of effect.

Besides the Mediterranean diet, several other dietary patterns also share common
features (e.g., plenty of plant-based foods, balance among nutrients) that could be pro-
moted due to their potential role in maintaining or reducing body weight [9]. This means
that rather than the role of a single nutrient, food, or diet, current evidence supports a
common set of principles that promote health, prevent or manage obesity, and improve
overall wellbeing [10]. Among them, a key strategy for weight management that can be
leveraged across dietary patterns is to reduce energy density [11]. In this context, dietary
fiber, unsaturated fats, and minimally processed plant foods contribute to lower energy
density and improved satiety. However, the extent to which these factors independently
influence long-term weight regulation remains debated, as dietary behaviors are strongly
influenced by environmental and behavioral determinants. Moreover, focusing exclusively
on individual nutrients may be misleading if total caloric intake and overall dietary patterns
are not considered.

As mentioned above, it is noteworthy that body weight is only one of the several
anthropometric measures to be considered for healthy longevity. In particular, visceral
adiposity appears to be more strongly associated with cardiometabolic risk than overall
body weight, although its measurement is less standardized in large-scale studies. In
this regard, in addition to adequate energy intake and exercise, an adequate protein and
leucine intake appears to be fundamental for preserving skeletal muscle mass in aging
and preventing sarcopenia, which is associated with a higher risk of falls, disability, and
death [12]. Finally, it is important to highlight that some studies have reported an “obesity
paradox” in older adults, in which higher BMI is not consistently associated with increased
mortality, thus highlighting the complexity of interpreting anthropometric measures across
different age groups and clinical conditions [13].

3.2. Normal Blood Cholesterol
3.2.1. Background

The relationship between diet and longevity is particularly significant for individuals
with hypercholesterolemia, especially familial hypercholesterolemia (FH). Lipid markers,
together with inflammatory markers, are indicative of healthy aging and longevity.

Each 1 mmol/L (38.7 mg/dL) reduction in LDL-C has been associated with a 22%
reduction in major vascular events over a median follow-up of five years when achieved
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through statin therapy and a 25% reduction in cardiovascular event rates when considering
various interventions, including dietary changes [14]. A dietary approach involving a
combination of cholesterol-lowering foods (such as plant sterols, soy protein, viscous fibers,
and nuts) resulted in a reduction of about 29.6% in LDL cholesterol over the same period [15].

3.2.2. Key Nutrients and Nutrient Gaps

High carbohydrate intake, snack dietary patterns, low fiber consumption, low fat
quality, and micronutrient deficiencies are the main nutritional gaps.

Regarding high carbohydrate intake, studies indicate that patients with familial hy-
percholesterolemia (FH) often consume more carbohydrates compared to control groups.
This excessive intake is linked to increased glucose levels and may contribute to lipid
metabolism dysfunctions [16]. Moreover, a prevalent dietary pattern identified in various
studies is the “snack dietary pattern,” which correlates with a higher risk of hypercholes-
terolemia. This pattern includes the frequent consumption of high-calorie snacks, thus
leading to increased total cholesterol and LDL cholesterol levels [17]. An insufficient intake
of dietary fiber is another nutritional gap, particularly that of soluble fibers such as the
B-glucans found in oats and barley. These fibers are known to help lower cholesterol levels
by binding bile acids and promoting their excretion [18].

Regarding low fat quality, diets high in saturated fatty acids (SFAs) are associated
with increased cholesterol levels, while polyunsaturated fatty acids (PUFAs) can lead to
significant reductions in total cholesterol and LDL-C levels [19].

In terms of micronutrient deficiencies, patients with hypercholesterolemia may experi-
ence deficiencies in essential vitamins (including vitamins D, B6, and B12) and minerals
(magnesium, zinc, and selenium) [20]. A significant correlation exists between low levels
of vitamin D and increased total and LDL cholesterol (LDL-C) levels. In one study on
hyperlipidemic patients, vitamin D deficiency was prevalent, thus indicating its potential
role in lipid metabolism regulation [21,22]. Vitamin E has been positively correlated with
total cholesterol and LDL-C levels, suggesting that higher vitamin E levels might be as-
sociated with worse lipid profiles [21,22]. Additionally, vitamins B6 and B12 have shown
inverse correlations with total cholesterol and non-HDL levels in hyperlipidemic patients,
indicating that deficiencies may contribute to dyslipidemia [22].

Inadequate magnesium intake has been linked to higher chances of hypercholes-
terolemia and hypertriglyceridemia, as magnesium appears to be protective against lipid
imbalances [23]. Moreover, deficiencies in zinc and selenium have been associated with lower
HDL cholesterol levels and may contribute to increased cardiovascular risk factors [23].

Finally, certain branched-chain amino acids (BCAAs) like leucine, isoleucine, and
valine have been shown to correlate negatively with HDL levels while being positively
associated with LDL and triglyceride levels. This suggests that amino acid metabolism
may also influence the lipid profile [24]. However, current evidence remains largely obser-
vational, and the mechanistic relationship between BCAA metabolism, cardiometabolic
dysfunction, and lipid homeostasis is still being elucidated [25].

3.3. Normal Glucose
3.3.1. Background

Individuals with type 2 diabetes at age 50 have shown a reduction in life expectancy of
6 years compared to those without diabetes. However, achieving type 2 diabetes treatment
goals may partially mitigate this gap, with the reported increase in life expectancy ranging
from 3 to 10 years [26]. Studies show that individuals who maintain good blood glucose
control from the onset of diabetes experience fewer complications and a longer lifespan
compared to those who do not [27-29].
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3.3.2. Key Nutrients and Nutrient Gaps

Individuals with diabetes often face significant nutritional gaps that can affect their
overall health and management of the condition. These gaps arise from various dietary
deficiencies, lifestyle choices, and the specific nutritional needs associated with diabetes.
Specifically, diabetic subjects may suffer from micronutrient deficiencies and experience
barriers to nutritional adherence due to a lack of information and socioeconomic factors.
In fact, many patients report insufficient knowledge about what constitutes an adequate
diet [29]. Moreover, low-income individuals may struggle to access healthy food options,
thus compounding nutritional gaps [28].

Diabetics are frequently at risk of micronutrient deficiencies due to low food intake
and suboptimal dietary patterns [30]. This can lead to a widening gap between nutrient
intake and requirements, which is particularly concerning given that nutrient needs may
be higher in individuals with diabetes compared to healthy individuals [31]. Common
deficiencies include those in magnesium, zinc, and vitamins B12 and D.

In terms of magnesium, a logistic regression analysis found that higher serum magne-
sium levels significantly reduced the odds of poor glycemic control [32]. A recent study
performing pooled analyses of 24 randomized controlled trials with 1325 T2D individu-
als reported that a daily magnesium supplementation of 250 mg significantly improved
HbAIlc from 8.32% to 7.96% over three months. Dose-response analysis suggested that
a daily intake of 279, 429, and 300 mg for 116, 88, and 120 days may be associated with
improvements in glycemic control, lipid profile, and blood pressure, respectively [33].

Meanwhile, zinc activates pathways that lead to the phosphorylation of proteins, such
as Akt and ERK1/2, which are critical for maintaining glucose homeostasis [34]. One study
found that a significant percentage of type 2 diabetic patients had dietary intakes below
the estimated average requirement for zinc [35]. This inadequacy is exacerbated by dietary
patterns that are often low in meat, fish, and dairy products, which are key sources of
zinc [36].

Another study found that approximately 12.9% of diabetic patients had vitamin
B12 deficiency, with a significant proportion (69.8%) of these patients being treated with
metformin [37]. Metformin is known to interfere with vitamin B12 absorption, leading
to lower serum levels over time, as recently reported in a review by Kibirige [38]. Some
studies have suggested that addressing vitamin B12 deficiency could improve metabolic
health and potentially enhance glucose handling [38,39]. The regular monitoring of vitamin
B12 levels in diabetic patients, especially those on metformin, may be advisable to prevent
deficiency-related complications.

A randomized controlled trial reported that individuals receiving vitamin D had
a significantly lower Homeostatic Model Assessment of Insulin Resistance (HOMA-IR)
score compared to a placebo group, indicating better insulin sensitivity [40]. However,
these findings are derived from specific study populations and may not be generalizable.
Additionally, progression towards diabetes was markedly reduced in the vitamin D group
(3% vs. 28% in the placebo group) [40], although this estimate is based on a single study
and should be interpreted with caution. More broadly, evidence on the role of vitamin D
supplementation in diabetes prevention remains heterogeneous. For example, the D2d trial
did not demonstrate a statistically significant reduction in diabetes incidence with vitamin
D supplementation in the overall population, although potential benefits were observed in
selected subgroups.

Similarly, meta-analyses have suggested a modest reduction of 10% to 13% in dia-
betes risk among individuals with prediabetes, but results vary across studies and are
influenced by differences in study design, baseline vitamin D status, and the use of
supplements [41,42]. Observational studies have consistently reported that higher circulat-
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ing levels of 25-hydroxyvitamin D are associated with a lower incidence of type 2 diabetes;
however, these associations do not establish causality and may be affected by residual
confounding and reverse causation [43].

Finally, we report that the Endocrine Society’s recent Clinical Practice Guidelines on
Vitamin D for the Prevention of Disease suggest empiric vitamin D supplementation for
people with high-risk prediabetes [24,44].

In conclusion, lifestyle modification must be a routine management component for
adults with diabetes, and research highlights several dietary patterns that are associated
with increased life expectancy in diabetic patients. Adhering to recommendations of a
diet rich in whole grains, fruits, vegetables, and nuts and low in processed foods has been
linked to substantial gains in life expectancy in diabetic patients. Moreover, people with
diabetes are frequently at risk of micronutrient deficiencies due to low food intake and
suboptimal dietary patterns. This can lead to a widening gap between nutrient intake and
requirements. Common deficiencies include those in magnesium, zinc, and some vitamins,
such as vitamins B12 and D. These nutrients appear to play a crucial role in modulating
insulin sensitivity and reducing the risk of type 2 diabetes, particularly among those with
prediabetes. Finally, several limitations should be acknowledged. Variability in genetic
background, socioeconomic status, dietary habits, and lifestyle, as well as study design and
sample size, may influence the observed associations.

3.4. Normal Blood Pressure
3.4.1. Background

The interplay between early markers of hypertension and dietary habits under-
scores the importance of lifestyle modifications for promoting healthy aging. The ef-
fective management of blood pressure through dietary interventions can lead to improved
longevity outcomes by mitigating risks associated with cognitive decline and cardiovascular
diseases [45].

3.4.2. Key Nutrients and Nutrient Gaps

Addressing nutritional gaps in hypertensive patients involves a comprehensive ap-
proach that includes promoting diets rich in potassium, calcium, magnesium, and fiber and
low in sodium. The DASH and Mediterranean diets are particularly effective for managing
hypertension [46]. Overcoming barriers related to adherence and cultural preferences is
essential for successful dietary interventions. In terms of essential nutrients, potassium,
calcium, and magnesium are the most important minerals involved, and they play a vital
role in blood pressure regulation [47]. Increased potassium intake, particularly from fruits
and vegetables, helps mitigate sodium’s effects and promotes vasodilation, which can
lower blood pressure [48,49]. Calcium and magnesium also contribute positively, but their
supplementation remains controversial due to inconsistent evidence regarding their direct
impact on hypertension management [49].

A recent meta-analysis of 38 RCTs supports the beneficial effect of magnesium on
reducing BP among populations with hypertension and hypomagnesemia, although effects
should be interpreted with caution due to the high heterogeneity of studies [45].

Limiting sodium intake is fundamental in controlling hypertension. A reduction to
less than 5 g daily can lead to significant decreases in both systolic and diastolic blood
pressure [50].

Considering the adherence issue, patients often struggle with maintaining dietary
changes due to lifestyle habits, preferences, and socioeconomic factors [48]. Regarding
cultural preferences, dietary recommendations may clash with cultural food practices,
thus making it difficult for patients to adopt suggested diets without feeling deprived or
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alienated [48]. Moreover, research indicates that many individuals with hypertension often
have poor nutritional knowledge and unhealthy dietary habits. One study found that
hypertensive patients had a higher body mass index (BMI) and a lower health-promoting
diet index compared to non-hypertensive individuals [51]. This suggests that addressing
nutritional education and dietary choices is crucial in managing hypertension. Thus,
the role of healthcare providers is critical in educating patients about the importance of
nutrition in managing hypertension. Continuous support can improve adherence to dietary
recommendations [48].

In conclusion, the interplay between early markers of hypertension and dietary habits
underscores the importance of lifestyle modifications for promoting healthy aging. The
effective management of blood pressure through dietary interventions can lead to improved
longevity outcomes by mitigating risks associated with cognitive decline and cardiovas-
cular diseases. Moreover, understanding the nutritional gaps in hypertensive patients
is crucial for effective management and prevention strategies. Addressing nutritional
gaps in hypertensive patients involves a comprehensive approach that includes promoting
diets rich in potassium, calcium, magnesium, and fiber and low in sodium, and larger,
well-designed studies assessing the dose-response relationship between nutrient intake
and BP and identifying potential optimal supplementation strategies for subpopulations
may be necessary.

3.5. Healthy Sleep
3.5.1. Background

Adequate sleep is a fundamental biological process required for the survival and devel-
opment of humans. It is an essential condition for ensuring an adequate quality of life [52],
affects both academic and occupational performance and efficiency [53,54], and allows
overall health to be maintained. Multiple dimensions of sleep, including duration, quality,
and timing, have been associated with a broad range of health outcomes. These consist
of cognitive, psychosocial, and cardiometabolic conditions, including type 2 diabetes, car-
diovascular disease, stroke, and obesity [55-57]. For all these reasons, insufficient and/or
low-quality sleep represents a serious challenge in modern societies worldwide, commonly
affecting a large segment of the population, including adolescents [58], shift-workers [59],
and community-dwelling older adults [60].

3.5.2. Key Nutrients and Nutrient Gaps

A healthy diet and adequate sleep are linked in a bidirectional manner. On the one hand,
habitual sleep duration has been associated with higher food and calorie intake [61,62] and
absolute or relative intake of nutrients or foods [63].

On the other hand, there is growing scientific evidence suggesting that the consump-
tion of specific foods may positively or negatively affect sleep. In particular, the consump-
tion of healthy foods, such as fish, was associated with better sleep quality. In contrast, a
higher intake of processed and free-sugar-rich foods, as well as unhealthy dietary habits
such as skipping breakfast, was correlated with worse sleep duration and quality [63,64].

Regarding nutrients, it is hypothesized that carbohydrate intake is associated with
sleep quality. Studies on the quality of carbohydrates have shown mixed results, while
carbohydrate quantity seems to affect sleep quality. Fiber intake has been linked to greater
deep sleep, whereas that of sugar has been associated with lighter sleep [64,65]. Thus, the
low intake of fiber and the high intake of sugar often observed in many populations may
represent risk factors for poor sleep. This further supports the importance of promoting
the consumption of fiber-rich foods, such as legumes and whole grains, but the recommen-
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dations of different dietary guidelines are often not met, particularly those promoting the
Mediterranean diet [66].

Moreover, epidemiological studies have observed that diets higher in protein and
lower in saturated fats are associated with better sleep quality, while diets low in omega-3
PUFAs are linked to disturbed nocturnal sleep. These results further support the importance
of consuming a higher-quality diet for improving this early marker of healthy longevity [65].

Overall, sleep may influence healthy aging through its effects on metabolic regulation,
inflammation, and neurocognitive function. While causal relationships remain incompletely
established, adequate sleep appears to support resilience against age-related decline and
may contribute to more favorable aging trajectories. At the same time, emerging evidence
suggests that dietary factors (e.g., macronutrient composition, micronutrient adequacy, and
overall dietary patterns) may modulate sleep characteristics, although the findings remain
heterogeneous and partly inconsistent across study designs. In this context, the bidirectional
relationship between diet and sleep represents a potentially relevant pathway linking
nutritional exposures to healthy aging, although further longitudinal and interventional
studies are needed to clarify causality and underlying mechanisms.

3.6. Active Lifestyle
3.6.1. Background

Physical activity (PA) programs have beneficial effects on numerous organ systems,
affecting the development and advancement of a variety of chronic conditions, including
cardiovascular disease, type 2 diabetes, osteoporosis, and certain types of cancer [67,68].

Physical activity exerts its beneficial effects through multiple biological mechanisms.
Regular exercise improves mitochondrial function and biogenesis, enhances insulin sen-
sitivity, and reduces chronic low-grade inflammation, which is a key driver of aging
and age-related diseases [69]. Furthermore, exercise stimulates muscle protein synthesis
through the activation of anabolic pathways, including the mTOR signaling pathway, and
helps counteract anabolic resistance commonly observed in older adults. It also promotes
neuromuscular function and coordination, contributing to balance and fall prevention.
Additionally, physical activity supports vascular health by improving endothelial function
and cerebral blood flow, which may partly explain its positive effects on cognitive function
and mental health.

Additionally, regular exercise is a well-established determinant for the prevention of
sarcopenia and frailty development, contributing to the reduction in fall risk and advancing
mobility and independence in older adults [70]. Exercise is also prescribed for the treatment
of various painful conditions and has been shown to exert beneficial effects on mental health.
It can be viewed as an alternative or complementary approach in treatment strategies for
mood disorders and cognitive impairment [71,72].

PA and structured exercise training (ET) differ in intensity and purpose, but both
contribute to improved health outcomes. PA, including daily activities such as walking,
is associated with reduced all-cause mortality and improved functional status, even at
low-to-moderate levels. In contrast, ET, which is planned and structured, may provide
additional benefits in terms of cardiorespiratory fitness, muscle strength, and metabolic
health. Importantly, evidence suggests that both PA and ET are associated with gains in life
expectancy and reductions in disability-adjusted life years (DALYs), with benefits observed
across all age groups. Notably, initiating physical activity even in later life is associated
with significant improvements in survival and functional capacity, although earlier and
sustained engagement yields the greatest benefits.
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Conversely to PA, a sedentary lifestyle is associated with increased all-cause mortality,
indicating the critical need to include physical activity in daily life to promote healthy
aging and increased longevity [73].

3.6.2. Key Nutrients and Nutrient Gaps

Optimal nutrition is essential to support an active lifestyle, especially in older adults,
who may have altered metabolic needs, thus bolstering the hypothesis that multicomponent
interventions are needed to preserve mobility in vulnerable older people [74]. Protein intake
is a key factor in maintaining muscle mass and function [75]. The literature suggests that
high protein intake, particularly that of leucine-rich foods, can activate muscle protein
synthesis and prevent sarcopenia [76]. Despite this significance, many older adults fail to
meet the recommended protein amount, thereby leading to muscle wasting and functional
decline [77].

Carbohydrates play a crucial role in energy metabolism, supplying the necessary
fuel for physical activity. Complex carbohydrates with a low glycemic index, including
whole grains, legumes, and vegetables, are ideal since they can sustain the slow release of
energy and promote metabolic health [78]. Proper hydration is also required to maintain
endurance and prevent fatigue, yet dehydration is a common issue among older adults
due to decreased thirst perception [79].

Micronutrients such as vitamin D, calcium, and magnesium are essential for bone
development and muscle function. Vitamin D deficiency is particularly concerning, as
it has been linked to a reduction in muscle strength, an increased risk of falling, and a
higher rate of bone fractures [80]. Omega-3 fatty acids have also been shown to reduce the
amount of exercise-induced inflammation, ensure recovery, and thus play a beneficial role
in individuals engaging in regular physical activity [81].

3.7. Cognitive Performance
3.7.1. Background

Cognitive performance is a key determinant of healthy longevity, influencing mem-
ory, learning, decision-making, and overall wellbeing. Age-related cognitive decline is
associated with neurodegenerative disorders such as Alzheimer’s disease (AD) and other
dementias, which significantly impact quality of life and independence in older adults [75].
While genetic predisposition is a participant in cognitive aging, lifestyle determinants like
nutrition and diet have emerged as crucial modifiers of brain function [82,83]. Nutritional
deficiencies, oxidative stress, and chronic inflammation are among the leading contributors
of cognitive impairment and highlight the importance of a well-balanced diet as being
essential for preserving cognitive function [84]. However, the strength of evidence support-
ing the role of diet in cognitive aging varies across study designs, and causal relationships
remain difficult to establish.

3.7.2. Key Nutrients and Nutrient Gaps

Several nutrients are essential for maintaining cognitive performance and reducing
neurodegenerative disease risk. Omega-3 fatty acids, in particular docosahexaenoic acid
(DHA), play a role in the integrity of neuronal membranes, synaptic plasticity, and anti-
inflammatory processes [85]. Epidemiologic studies have linked a higher dietary intake
of DHA with a lower risk of cognitive decline and dementia [86]. Nevertheless, evidence
from randomized controlled trials remains inconsistent, with some studies showing modest
benefits and others reporting no significant effects on cognitive outcomes.

B vitamins, including B6, B12, and folate, are crucial for the metabolism of homo-
cysteine, and deficiencies in these vitamins have been associated with higher levels of
homocysteine, which constitute a risk factor for cognitive impairment and brain atro-
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phy [87]. However, intervention studies aimed at lowering homocysteine levels through
B-vitamin supplementation have yielded mixed results, and their impact on cognitive
outcomes remains uncertain.

Vitamins E and C are antioxidants that help to combat oxidative stress, which is impli-
cated in neuronal injury and cognitive decline [88]. Polyphenolic compounds, especially
the flavonoids in green tea, cocoa, and berries, have been found to have the potential to
induce neuroprotection via their anti-inflammatory and antioxidant activities [89]. Despite
promising mechanistic evidence, clinical studies in humans are still limited and often
characterized by short follow-up periods and heterogeneous outcomes.

As a precursor of the neurotransmitter acetylcholine, choline is important for cognitive
performance, particularly memory and attention. Studies have linked dietary choline intake
to better cognitive performance in older adults [90]. Despite the well-documented roles
of these nutrients, most older adults fail to meet the recommended intake levels due to
poor dietary habits, malabsorption, or the loss of appetite, thus highlighting the need for
targeted nutritional interventions [91]. At the same time, differences in study populations,
methods of cognitive assessment, and duration of follow-up limit the comparability of
findings across studies and complicate the interpretation of results.

Overall, cognitive function represents a critical component of healthy aging, and
nutritional factors may contribute to its preservation through multiple biological pathways,
including the modulation of neuroinflammation, oxidative stress, and vascular health.
However, current evidence remains heterogeneous and largely observational, thus limiting
causal inference. Therefore, while dietary strategies may support cognitive health, their
role in promoting healthy longevity requires further confirmation from well-designed
long-term studies.

3.8. Physical Condition
3.8.1. Background

Sustaining optimal physical fitness is crucial in promoting healthy longevity, due to
its significant influence on mobility, independence, and overall quality of life. The loss of
muscle mass, strength, and endurance associated with the aging process contributes to the
development of sarcopenia and frailty, thus increasing the risk of disability and chronic
diseases [70]. Although consistent engagement in physical activity is key in preventing
these adverse effects, adequate nutrition is also essential to optimize muscle function and
physical performance [92]. Malnutrition and inadequate dietary intake can accelerate
muscle deterioration, whereas a well-balanced diet abundant in essential nutrients sustains
musculoskeletal health, metabolic effectiveness, and overall longevity [93,94].

3.8.2. Key Nutrients and Nutrient Gaps

Several key nutrients have a significant influence on the maintenance of physical
condition and on preventing age-related muscle deterioration in older adults. Protein
intake is fundamental for muscle protein synthesis. Research indicates that older adults
require a higher intake to counteract anabolic resistance [77]. Leucine, a branched-chain
amino acid, emerges as a potent stimulator of muscle protein synthesis, underscoring its
critical dietary relevance for aging individuals [95].

Furthermore, vitamin D assumes a crucial role in supporting muscle function and
strength. Deficiencies in this nutrient have been correlated with an increased risk of falls,
muscle weakness, and frailty in older adults [96]. The intake of omega-3 fatty acids, in
particular eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), has demonstrated
beneficial effects on muscle quality and function, which is primarily attributed to their
anti-inflammatory properties [97].
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In addition to macronutrients, micronutrients such as magnesium, potassium, and
calcium are indispensable for neuromuscular function and musculoskeletal integrity.
Magnesium and potassium deficiencies can compromise muscle contraction and energy
metabolism [98,99], while calcium is essential for both muscle contraction and bone health,
which are closely associated in aging individuals [100]. Despite the established significance
of these nutrients, many older adults fail to achieve the recommended intake due to dimin-
ished appetite, compromised nutritional absorption, or dietary restrictions. This highlights
the need for targeted dietary interventions.

Taken together, the current literature suggests that physical condition represents a
key determinant of healthy aging, as it directly influences mobility, independence, and
resilience to age-related decline. Adequate nutrition may support the maintenance of
muscle mass and function, particularly via sufficient protein intake, micronutrient adequacy,
and anti-inflammatory dietary components. However, the strength of evidence varies across
nutrients and outcomes, and much of the available data derives from observational studies
or short-term interventions. In this context, dietary strategies aimed at preserving physical
function may contribute to healthier aging trajectories, although further long-term and
well-controlled studies are needed to clarify their impact on longevity.

3.9. The Role of the Gut Microbiota

In recent years, a growing body of evidence from both in vivo and human studies has
demonstrated that the gut microbiota plays a crucial role in the maintenance of optimal
health and the onset and progression of obesity and related diseases. However, the strength
and consistency of this evidence vary across study designs and populations. This is due
to the complex interactions among the gut microbiota, diet, and host. The composition of
the gut microbiota influences digestion, absorption, and nutrient metabolism, including
lipid and glucose metabolism [101], while gut dysbiosis, which is commonly observed
in pathological conditions, can affect body weight and overall health by altering the pro-
duction of metabolites derived from dietary components [102]. For instance, in type 2
diabetes, gut microbiota diversity and composition are altered, with a decreased abundance
of beneficial bacteria such as Faecalibacterium and Bifidobacterium, but there are antidia-
betic treatments that may partially restore these populations and contribute to improved
glucose control [103]. Dysbiosis also plays a role in hypertension through inflammatory,
metabolic, and neural mechanisms, highlighting the potential of dietary and microbial
interventions in blood pressure management [104]. Nevertheless, most human evidence
remains observational, and causal relationships are often difficult to disentangle from con-
founding dietary and lifestyle factors. Although several mechanisms such as inflammatory,
hormonal, and metabolic pathways have been proposed, a clear understanding of these
interactions remains elusive [105,106].

Emerging evidence also suggests a bidirectional relationship between microbiota
and sleep quality, as disruptions in circadian rhythms can lead to microbial imbalance,
which in turn exacerbates sleep disturbances. Dietary factors such as fiber, unsaturated
fatty acids, and bioactive compounds like polyphenols, along with meal timing, mod-
ulate microbial metabolite production and influence sleep through pathways involving
GABA, serotonin, and melatonin [27,107,108]. The gut microbiota also impacts physical
performance and muscle recovery by modulating energy metabolism, inflammation, and
immune responses, whereas dysbiosis induced by poor diet and inactivity can impair muscle
function [109-111]. Similarly, the gut-brain axis plays a key role in cognitive health, with
microbiota composition influencing neuroinflammation, neurotransmitter synthesis, and
cognitive performance, and dysbiosis has thus been linked to neurodegenerative diseases
such as Alzheimer’s and Parkinson’s [112-115]. However, inter-individual variability,
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methodological heterogeneity, and sparse longitudinal data currently limit the clinical
translation of these findings. Finally, the gut-muscle axis further underscores the role of
microbiota in systemic inflammation and muscle catabolism, with dietary interventions
rich in fiber, probiotics, and fermented foods emerging as promising strategies to support
metabolic, cognitive, and physical health [115,116].

Overall, the gut microbiota may represent an important interface linking dietary ex-
posures to multiple biological processes relevant to aging, including metabolic regulation,
inflammation, and neurocognitive function. However, given the predominance of obser-
vational evidence and the high inter-individual variability, its role in promoting healthy
longevity remains to be fully elucidated. In this context, the dietary modulation of the
microbiota may contribute to healthier aging trajectories, although the extent and clinical
relevance of these effects require further investigation.

Figure 2 synthesizes the main elements discussed in the previous sections, highlighting
the interactions between dietary exposures, biological pathways, and determinants relevant
to healthy aging trajectories.
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4. Conclusions

To promote healthy longevity, a comprehensive approach that combines balanced
nutrition with an active lifestyle is essential. Key dietary recommendations may include
increasing the intake of fiber-rich foods, prebiotics, probiotics, and omega-3 fatty acids from
sources such as fatty fish, nuts, and seeds. The diet should also provide an appropriate
energy intake to support physiological needs and maintain a healthy body weight over
time. Maintaining long-term energy balance is considered a central factor in preventing
excess adiposity and metabolic dysfunction. Besides this aspect, high-quality protein,
ideally distributed throughout the day, and essential micronutrients such as vitamin D,
B-group vitamins (particularly B6 and B12), magnesium, zinc, and selenium may play
an important role, especially for at-risk populations (e.g., individuals with diabetes or
hypercholesterolemia or older adults). Improving fat quality, limiting sodium, and incor-
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porating targeted supplementation may be considered in populations at risk of deficiency.
Fermented foods and plant-based dietary patterns have been associated with the benefi-
cial modulation of the gut microbiota, which, in turn, supports metabolic, cardiovascular,
cognitive, and muscular health, although the magnitude of these effects appears to vary
between individuals. Additionally, the regular consumption of antioxidant-rich foods may
contribute to counteracting oxidative stress and supporting overall resilience. Adequate
hydration is also likely to play an important role, as even mild dehydration can impair
physical and cognitive performance. Regular physical activity, including both aerobic and
resistance training, is important for preserving muscle mass, functional mobility, and brain
function. Finally, behavioral strategies such as minimizing sedentary time, engaging in
social and outdoor activities, ensuring sufficient and restorative sleep, and maintaining
energy balance are all fundamental to achieving healthy longevity. Future research should
better integrate traditional clinical risk factors with emerging molecular biomarkers of bio-
logical aging to clarify the extent to which nutritional and lifestyle interventions may [25]
influence biological aging processes instead of solely improving disease risk profiles.
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