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ABSTRACT

Italy currently ranks among the world’s oldest nations, with adults aged 265 years accounting for 24.1% of the
population — the highest proportion in the EU — and a projected median age of 51 years by 2050. While life
expectancy at birth reaches 85.4 years for women and 81.4 for men, Healthy Life Years amount to only 69.6 and
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68.5, respectively, documenting a substantial lifespan—healthspan divide. The prevalence of multimorbidity and
disability exceeds 60% in adults aged 275 years; women bear a disproportionate share of this burden, both as
patients and as caregivers. Meanwhile, the Italian National Health Service (Servizio Sanitario Nazionale, SSN)
remains hospital-centric, regionally fragmented, and predominantly reactive, with prevention accounting for a
historically modest share of total expenditure. Against this background, longevity medicine is an emerging,
prevention-oriented discipline that aims to extend healthspan — defined here as the portion of life lived in
good health, with preserved physical and cognitive function and without significant disability or
multimorbidity. It integrates multi-omic biomarkers, digital monitoring, adaptive trial methodology, and life-
course risk stratification within a translational framework. Although most constituent tools remain at an
exploratory or surrogate stage, and clinical utility has yet to be established, the emphasis on early intervention
and precision prevention offers potential to reduce the accumulation of age-related disease and ease long-term
pressure on the SSN. This position paper analyzes Italy's demographic and epidemiological trajectory, examines
the structural constraints of the SSN, and outlines the scientific foundations of longevity medicine. It advocates
for multidisciplinary translational research and identifies five strategic investment priorities: (i) clinically
validated biomarkers of biological age; (ii) interoperable digital monitoring platforms; (iii) Bayesian adaptive
multimodal trials; (iv) explainable-Al risk stratification tools; and (v) longevity-informed curricula in medical
training. These proposals should be regarded as a staged agenda for evaluation; their relevance will depend on
whether they deliver measurable gains in patient-relevant outcomes, feasibility, and cost-effectiveness within
the SSN.

Italian population contraction is accelerating, with longevity medicine, an emerging discipline focused on
births falling to approximately 370,000 in 2023, early detection, preventive measures, and personalized
marking a record low, and deaths exceeding 660,000, approaches that aim to extend healthspan and promote
raising the proportion of adults aged >65 years to healthy aging [4]. In this paper, we use the term
24.1%, the highest in the EU [1]. By 2050, the ‘longevity medicine’ not to denote a distinct clinical
projected median age is 51 years, with over 6 million specialty, but rather a translational framework that
residents aged >80 years. Still, while aging is integrates geroscience, prevention, and health-system
associated with progressive health deterioration, innovation across the life course.

individuals follow heterogeneous aging trajectories:

some experience early accumulation of deficits and Building on this definition, this position paper aims to
multimorbidity, whereas others maintain functional provide a conceptual framework and strategic policy
capacity well into advanced age. Thus, the life directions, positioning longevity medicine as an
expectancy indicator (LE; life expectancy at evidence-based, prevention-focused approach to healthy
birth, regardless of health status) is insufficient. aging within the Italian SSN. Accordingly, it presents:
Policymakers and stakeholders should consider the (a) an overview of some of the most important factors
healthspan, shifting attention toward extending years contributing to the Italian lifespan-healthspan divide;
lived in good health [2]. Because healthspan is defined (b) structural and systemic constraints of the SSN
inconsistently across the literature, in this paper the (Servizio Sanitario Nazionale - Italian National Health
term is used to refer to the portion of life lived in System); (c) conceptual foundations of longevity
relatively good health, with preserved physical and medicine; (d) strategic investment priorities.

cognitive function, reflecting the dynamic balance

between damage accumulation and the capacity for Lifespan-healthspan divide: an overview of
physiological resilience. Eurostat’s Healthy Life Years determinants

(HLY) indicator at birth, estimates the expected years

lived without long-standing activity limitation due to Socio-economic and regional gradients

health problems. Other summary metrics exist,

including the Healthy Life Expectancy (HALE) of Life expectancy differs by up to 3.8 years between
World Health Organization (WHO), in which years of northern and southern Italy, likely reflecting regional
life are weighted according to health status [2, 3]. In disparities in education, income, and preventive care
Italy, in 2023, HLY at birth were 69.6 years for [5]. More broadly, cohort and meta-analytic evidence
women and 68.5 for men, compared with life suggests that socioeconomic disadvantage is associated
expectancy at birth of 85.4 and 81.4 years, respectively with less favorable aging trajectories and a higher
(Figure 1). In this context, a strategic response is burden of multimorbidity [6-9].
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Lifestyle

Survey data suggest that high adherence to the
Mediterranean diet is uncommon [10]. National survey
data indicate that more than 40% of Italians aged >65
years are sedentary, with even higher proportions
among those >75 years old [11].

Environmental exposure

Fine particulate air pollution (PM2.5) remains an
important public-health concern in Italy. European
assessments indicate that ambient concentrations in
several EU countries, including Italy, remain above the
2021 WHO annual guideline, while long-term exposure
to PM2.5 has been associated with increased mortality
risk [12, 13].

Social integration

Social integration is a modifiable determinant of
healthspan [14]. Experiences in childhood, adolescence,
and midlife shape later-life trajectories of physical,
cognitive, and emotional function: early isolation or
exclusion increases the risk of frailty and premature
mortality, whereas stable, supportive relationships build
reserve and resilience [14—16]. Census data show that

Italy's lifespan-healthspan divide

Life expectancy at birth vs Healthy Life Years, by sex

Men 68.5 years

Women 69.6 years

0 20

Methodological note

almost half of older Italians live alone; although living
alone does not necessarily imply social isolation, it may
identify a subgroup at increased risk of reduced social
support, which is relevant because social isolation has
been associated with excess mortality [14, 17]. Also,
caregivers, most of whom are women, are at risk of social
isolation [16, 18, 19].

Gender differences in aging

Women in Italy live longer than men, but these
additional years are more often lived with functional
limitations and multimorbidity [20-22]. Gender-related
differences in prescribing quality and medication safety
have also been reported in older adults, underscoring
the importance of sex-aware approaches to pharma-
cological management [23]. These differences likely
reflect the interaction of biological, behavioral, and
social determinants, including sex-specific disease
susceptibility, differential exposure to risk factors
across the life course, and gendered patterns of
healthcare utilization and caregiving. From a longevity
medicine perspective, these findings underscore the
need for sex-aware risk stratification and prevention
strategies, as well as the importance of ensuring that
emerging tools—such as biomarkers of biological
aging and digital monitoring platforms—are validated

@ Healthy Life Years LE-HLY gap

Life Expectancy 85.4

Life Expectancy 81.4

e

60 70 80 90 vyears

HLY estimates expected years lived without long-standing activity limitation. The LE-HLY gap is not equivalent to all years lived with diagnosed disease and is used

here as a population-level proxy of healthspan.

Figure 1. Italy’s lifespan—healthspan divide. Life expectancy (LE) at birth substantially exceeds Healthy Life Years (HLY) in both women and
men in Italy. In 2023, women had a life expectancy of 85.4 years and 69.6 HLY, corresponding to a 15.8-year LE-HLY gap; men had a life
expectancy of 81.4 years and 68.5 HLY, corresponding to a 12.9-year gap. HLY is used here as a population-level proxy of healthspan, defined as
expected years lived without long-standing activity limitation. The LE-HLY gap should therefore not be interpreted as all years lived with
diagnosed disease, but as an indicator of the mismatch between longevity and years lived without substantial health-related activity limitation.
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across both sexes and do not exacerbate existing
disparities.

Digital divide

Evidence from remote areas of Italy highlights a
substantial digital health gap among older adults, where
limited digital health literacy constrains the adoption of
telemonitoring platforms [24].

Medication burden and gender medicine

More than a quarter of community-dwelling older adults
report polypharmacy, with prevalence rising with age
[25]. Evidence from Italian and European studies shows
that polypharmacy is associated with frailty progression
and increased mortality [26, 27]. Recent studies
highlight gender-specific patterns in prescribing and
adverse drug reactions, underscoring the complexity of
safe medication management in older adults [28, 29].

Structural and systemic constraints of the SSN

The lifespan—healthspan divide also highlights the
limitations of a reactive care model, rather than a P4
model of care (predictive, preventive, personalized and
participatory) [30]. Indeed, a large share of healthcare
spending is devoted to individuals with chronic diseases
and disabilities [31]. Without a shift toward evidence-
based prevention and healthier aging across the life
course, improvements in treatment pathways may be
insufficient to substantially reduce the accumulation of
multimorbidity. This pattern could increase pressure on
healthcare systems in Italy and elsewhere, underscoring
the need for timely policy attention [30, 32]. We outline
here some of the major constraints of the SSN.

Fragmented and hospital-centric pathways

The regionalized organization of the SSN has contributed
to substantial heterogeneity in funding, staffing, service
delivery, and performance across regions and
autonomous  provinces [33]. Moreover, digital
fragmentation persists, with incomplete interoperability
of electronic health records across regions and care
settings [34]. Home-care coverage for older adults has
wide regional variability and often low care intensity [35,
36]. These structural features have direct implications
for the feasibility of a longevity-oriented approach.
Fragmentation limits the ability to construct longitudinal,
life-course health trajectories, which are essential for
assessing biological aging and preventive interventions.
Incomplete interoperability constrains the integration of
clinical, behavioral, and sensor-derived data, thereby
limiting the development of robust risk stratification
tools. At the same time, hospital-centric organization and

low-intensity home care reduce opportunities for
continuous monitoring and early intervention, which are
central to prevention-oriented models of care.

Reactive financing

Diagnosis-related group reimbursement mechanisms
prioritize reactive over preventive services [36, 37].
Prevention has historically accounted for a modest share
of spending relative to national planning. Although
modelling evidence cannot replace country-specific
evaluation, some studies suggest that evidence-based
preventive allocation could improve long-term health
outcomes and the sustainability of the system [38].

Under-resourced multidisciplinary teams

In Italy, geriatricians represent a relatively small
proportion of the specialist workforce, and com-
prehensive training in evidence-based geriatric care,
encompassing deprescribing, functional assessment
and rehabilitation planning, and data-driven decision-
making, remains limited [39]. Although national
specialization schools provide structured curricula in
geriatrics, the modest number of trained professionals
and the scarcity of widespread educational programs
constrain the capacity of the health system to fully
integrate geriatric principles into routine practice [40].

Digital and participatory inertia

Digital adoption remains uneven, especially among older
adults in remote areas, where limited digital skills and
infrastructural barriers continue to constrain uptake [41].
International pilot studies provide proof-of-concept. In
Catalonia, the ProPCC program (Program to People with
Complex Chronic Conditions) was associated with fewer
emergency department visits and hospital stays [42],
while ProACT (ProACTive Patient Centered Care) [43],
tested in Ireland and Belgium, showed sustained
engagement over 12 months. While these findings should
be interpreted cautiously, they suggest that wider
implementation may be feasible, particularly if
interoperability improves and reimbursement evolves to
better support digital care [44, 45].

Conceptual foundations of longevity medicine

Collectively, these environmental, demographic, socio-
economic, behavioral, and healthcare-related factors
converge to accelerate functional decline and increase
demand for healthcare services [46]. As mentioned, a
potential strategic response is the development of
longevity medicine, conceived as a life-course,
prevention-oriented framework aimed at extending
healthspan. It combines person-centered care with an
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explicit focus on preserving functional capacity, rather
than solely preventing individual diseases, while
integrating upstream prevention targeting modifiable
exposures across the lifespan. In this sense, longevity
medicine may provide a framework for assessing
biological aging and for testing interventions aimed at
modifying aging-related risk trajectories, with particular
emphasis on preserving the capacity to respond to
internal and external stressors [4]. It should be
conceived not merely as a discipline dedicated to
the care of older adults, but as a life-course approach
that also targets middle-aged populations and is
complemented by preventive policies addressing the
long-term impact of early-life exposures and behaviors
on aging trajectories. Moreover, it should be built on the
SSN, extending geriatric principles of person-centered,
function-oriented care across the life course. Crucially,
it should be held to the same evidence principles as any
medical field: prioritizing hard outcomes (e.g., incident
multimorbidity, hospitalizations and mortality) and
quantifying benefits and harms (e.g., overdiagnosis,
overtreatment, and inequitable access) [47, 48]. In the
longevity field, as chronological age is insufficient to
capture the complexity of aging, tools that quantify
biological age and aging clocks become attractive [49].
At present, biological age metrics should be regarded as
research tools and should not guide clinical decision-
making or reimbursement policies until their
reproducibility, responsiveness to intervention, and
impact on patient-relevant outcomes are clearly
demonstrated Two complementary frameworks are
under development by several stakeholders: multi-omics
and exposome [50, 51]. Multi-omics approaches use
molecular layers (e.g., epigenomics, transcriptomics,
proteomics, metabolomics, microbiome) to summarize the
biological state and potentially predict risk beyond
chronological age [52]. Conversely, the exposome aims
to characterize non-genetic exposures across the life
course (e.g., environmental, behavioral, and
occupational) acting as upstream drivers of aging
trajectories [53, 54]. Critical windows (e.g., prenatal,
early childhood, mid-life) link risk and protective
factors with inflammatory and epigenetic signatures,
associated with multimorbidity and disability [54-56].
When considered together, these frameworks may
support a more comprehensive assessment of aging-
related risk, integrating modifiable exposures with
molecular profiles [57]. Conversely, considering the
quality of evidence informing these tools, biological-
age metrics and aging clocks should be carefully treated
as exploratory or surrogate tools until they demonstrate
reproducibility across heterogeneous settings and
responsiveness to interventions that translate into
meaningful gains in healthspan extension [58]. Indeed,
despite progress in the development of these tools, they
are rarely used in clinical practice [59].

The following are proposed, still speculative, pillars of
longevity medicine (Figure 2). It should be pointed out
that the translation of longevity medicine into health
systems raises important risks that should be explicitly
acknowledged. Many of the proposed tools, particularly
biological age metrics, multi-omic profiling, and Al-
based risk stratification, remain supported primarily by
associative or surrogate evidence. Premature clinical
implementation may lead to overdiagnosis, over-
treatment, and inefficient allocation of healthcare
resources, particularly in publicly funded systems such
as the SSN. Therefore, any integration into routine care
should be contingent on rigorous demonstration of
clinical utility, cost-effectiveness, and equity, with
priority given to interventions that improve hard
outcomes rather than surrogate markers.

Longitudinal measurement of biological aging

The longitudinal assessment of biological age can be
informed by the combination of multi-omics aging
clocks (e.g., proteomic and DNA-methylation clocks)
and continuous sensor-derived metrics from consumer
wearables (e.g., smartwatches) [60]. The integration of
longitudinal molecular and functional data can inform
the design of preventive interventions and risk
prediction algorithms [61]. Such tools may predict
mortality, multimorbidity, and physical function beyond
chronological age [62, 63]. Indeed, composite
biomarkers such as the Pace of Aging can explain a
proportion of the variance in functional decline. Still, as
these innovations are supported by limited human
evidence, policymakers should carefully analyze the
emerging evidence informing such innovations, taking
into account failed trials, methodological bias, and null
results [64]. This would avoid the over-extension of
poor evidence to policy prescription [65].

Hallmarks of aging and lifestyle interventions

The hallmarks of aging are best viewed as a conceptual
map of conserved molecular processes that drive loss of
physiological integrity with age; still none have yet
been clinically validated [66]. In other words, they are
more a mechanistic framework than clinically validated
diagnostic tools [66]. Moving from mechanistic
plausibility to clinical utility will require robust
biomarkers, reliable measures, and meaningful
endpoints. Lifestyle interventions currently provide a
stronger evidence background. Mediterranean-style
diets, regular physical activity, restorative sleep, and
stress reduction appear to modulate several aging-
related  pathways, including nutrient sensing,
inflammation, mitochondrial function, and epigenetic
regulation, although these effects should not be
interpreted as direct readouts of any single hallmark
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[67-69]. By contrast, pharmacological geroprotectors,
such as metformin, and emerging senolytics, remain
exploratory, with uncertain human clinical endpoints
[70, 71]. Experimental strategies, including hetero-
chronic plasma exchange, are at an early stage and
remain limited by major technical and translational
constraints [72]. Progress in geroscience will therefore
depend on developing robust measures of biological
aging that can support the next generation of clinical
trials [73].

Data-driven personalization and participatory
implementation

Biological aging measures such as DNA-methylation
clocks and DunedinPACE have shown associations with
morbidity and functional decline beyond chronological
age, although their clinical application remains
unproven [63, 65]. Combined with multi-omic,
exposomic, and sensor-derived data, these tools may
help refine risk stratification and support more tailored
prevention strategies, but only if they prove inter-
pretable, feasible, and useful in routine care [60, 65].
Participatory platforms such as ProACT provide a
possible implementation model by supporting self-
management among older adults with multimorbidity
[43]. At present, the case for personalization remains
contingent on whether such data can improve decisions
and outcomes in real-world settings [65].

Conceptual foundations of longevity medicine

Re-architecting health-system infrastructure for
precision longevity

Moving from predominantly reactive disease care
toward a more prevention-oriented approach to healthy
aging may require targeted organizational adaptations
within the SSN. In particular, progress relies on stronger
interoperability, integration across care settings,
multidisciplinary capacity, and prevention-oriented
financing [35, 38]. Regional primary-care hubs can
provide a pragmatic setting for remote monitoring, data
integration, and referral to multidisciplinary services
[44, 45]. Secure biobanks, privacy-preserving analytics,
and Al-based risk stratification could contribute to this
agenda, provided that their role is established through
routine-care evaluation focused on clinical utility,
feasibility, equity, and data governance [74—76]. Their
adoption should be guided by measurable effects on
hard outcomes, cost-effectiveness, and equity [45, 73,
77]. Legislative and reimbursement reforms that favor
preventive, rather than reactive, interventions could
support this agenda by enabling rigorous implementa-
tion and comparative evaluation [35].

Overall, these proposals should be interpreted as an
agenda for staged evaluation. Their policy relevance
will depend on whether stronger evidence emerges on
patient-relevant outcomes, feasibility, cost-effective-
ness, and equity [48].

A life-course, prevention-oriented translational framework
X O- () &Z @
NA
Longitudinal Mechanistic Lifestyle-first Data-driven Health-system
measurement framework prevention personalization implementation
> > > >
* Multi-omic clocks * Hallmarks of aging * Physical activity * Risk stratification * Interoperability
* Functional metrics * Exposome * Mediterranean-style diet * Explainable Al * Multidisciplinary teams

* Wearables and sensors * Resilience and damage

Exploratory to promising Mechanistic - not diagnostic

Evidence maturity

Established population prevention

Interpretive boundary

* Sleep and stress reduction

Strongest current evidence

Promising translational tools

* Participatory platforms * Prevention-oriented financing

Clinical utility under evaluation Routine-care evaluation

Exploratory clinical implementation

Biological-age biomarkers, digital twins and Al-based stratification should remain within staged evaluation until they demonstrate reproducibility, clinical utility, cost-effectiveness, equity and

improvements in patient-relevant outcomes.

Figure 2. Conceptual foundations of longevity medicine. Longevity medicine is presented as a life-course, prevention-oriented
translational framework aimed at preserving functional capacity and extending healthspan. The framework integrates longitudinal
assessment of biological aging, mechanistic geroscience, evidence-based lifestyle prevention, data-driven personalization, participatory care,
and health-system implementation. While lifestyle interventions currently represent the strongest evidence base, several emerging tools—
including biological-age biomarkers, multi-omic profiling, wearable-derived metrics, and Al-based risk stratification—remain exploratory or
surrogate and require validation against patient-relevant outcomes before routine clinical implementation.
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The case for multidisciplinary translational
research

Geroscience provides the translational foundation for
longevity medicine by testing interventions that
may extend healthspan. Progress will depend on
methodological rigor, including the use of reproducible
biomarkers, pragmatic trial designs, and, critically, the
identification of clinically meaningful endpoints. In the
context of geroscience, these should extend beyond
traditional ~ disease-specific  outcomes to include
trajectories of physical and cognitive function, resilience
to stressors, incident multimorbidity, and other
integrative measures of healthspan [78]. Within this
framework, multidisciplinary translational research may
help align clinical medicine, trial methodology,
behavioral research, and health policy around a common
task: identifying which interventions can generate
measurable gains in healthspan within routine clinical
care. Existing infrastructures already offer some
components for this agenda. The NIH Translational
Geroscience Network, European biobank infrastructures
(BBMRI-ERIC), and the Italian Age-It program provide

harmonized protocols and distributed cohorts that can
support more comparable early-phase geroscience studies
[79, 80]. Early dialogue with regulators (AIFA, EMA)
can help clarify evidentiary standards for biomarker-
informed endpoints and adaptive designs, while
embedding health economists in trial design can generate
early estimates of costs and QALYs (Quality-Adjusted
Life Years) relevant to scalability, reimbursement, and
policy uptake [81]. Behavioral science can strengthen this
translational pathway: simple digital nudges, brief peer
coaching, and integrated platforms such as ProACT may
improve adherence to preventive interventions [43, 82].
Within this framework, Italy could build on existing
national assets to develop a coordinated platform for
translational aging research, linking biobanking,
molecular profiling, clinical data, and territorial care
infrastructures.

Strategic investment priorities (Figure 3)
Biomarkers of biological age. Develop and validate

biomarkers of biological age for potential use in routine
care, including sex- and ethnicity-specific tools. Priority

Validated biomarkers

Workforce and citizen literacy

fese)
YN

National

Interoperable digital platforms

Healthspan Agenda
for the SSN

Bayesian adaptive trials

@ Explainable Al risk stratification

Decision criteria for scale-up

clinical utility

feasibility equity

Figure 3. Strategic investment priorities for the Italian National Health Service. Five medium-term investment priorities are
proposed to support a national healthspan agenda within the Italian National Health Service: clinically validated biomarkers of biological age,
interoperable digital monitoring platforms, Bayesian adaptive multimodal trials, explainable Al-based risk stratification, and longevity-
informed workforce and citizen literacy. These priorities should be interpreted as a staged evaluation agenda rather than as already validated
clinical solutions. Their relevance for health-system policy will depend on demonstrated clinical utility, feasibility, equity, cost-effectiveness,

and measurable improvements in patient-relevant outcomes.
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should be given to standardizing and externally
validating integrated multi-omic clocks [77, 83].

Interoperable digital platforms. Adopt national standards
so that data from wearables and home sensors can be
integrated into SSN records, enabling scalable tele-
monitoring, with evaluation focused on hospitalizations,
feasibility, and equity, while age-friendly design helps
limit a widening digital divide [35, 36].

Bayesian adaptive multimodal trials. Use platform trials
with shared control arms and Bayesian adaptive designs
to potentially test nutritional, pharmacological, physical,
and cognitive interventions in parallel, with the aim of
improving efficiency and accelerating the evaluation of
gerotherapeutics [84].

Explainable Al risk stratification. Develop privacy-
preserving, explainable Al models to predict risks, with
mandatory bias audits and documentation standards
aligned with international best practice [75].

Age-proof workforce and citizen literacy. Introduce a
longevity curriculum in medical and specialist training
to build skills in multimorbidity and healthy aging and
combine this with population-level communication
strategies to improve health literacy [85].

Together, these priorities should be viewed as a staged
agenda for evaluation; their relevance will depend on
whether they deliver measurable gains in patient-
relevant outcomes, feasibility, cost-effectiveness, and
equity within the SSN. These proposals should be
interpreted as medium-term translational priorities.

Outlook: from pilots to a national healthspan
agenda

Italy’s demographic trajectory is fixed, and the COVID-
19 pandemic showed its frailty, yet its repercussions for
the SSN are potentially modifiable. As discussed, many
scientific, digital, and organizational assets are already in
place. Still, the main challenge is evidence-based
implementation [86]. Scalable tools (e.g., wearable
sensors, Al-assisted support, and digital exercise
interventions) have shown encouraging effects on
outcomes such as frailty-related measures [87-89]. If
integrated into primary care with rigorous evaluation,
these tools may help reduce the burden of chronic disease
and disability, thereby easing pressure on the SSN [90].
One of the next steps is to move from pilots to scalable
programs. Initiatives such as AGE-IT may strengthen the
evidence base on aging trajectories and candidate
biomarkers, while living labs could provide comparative
data on effectiveness [74, 91]. If supported by stronger
evidence and feasible implementation pathways, Italy

could serve as a natural testbed for the development and
evaluation of healthspan-oriented models of care. Given
its advanced demographic aging, regional heterogeneity,
and universal healthcare system, the SSN offers a unique
setting to assess whether geroscience-informed inter-
ventions can deliver measurable gains in function,
resilience, and multimorbidity prevention. The challenge
is not only scientific, but organizational: moving from
promising pilots to scalable, evidence-based programs
that preserve functional capacity and resilience, and that
can be rigorously evaluated and equitably implemented
within the SSN.
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