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Abstract. Aging is associated with a gradual decline in cellular stability, leading to a decrease in overall health. In the
brain, this process is closely linked with an increased risk of neurodegenerative diseases, including Alzheimer’s disease.
Understanding the mechanisms of brain aging is crucial for developing strategies aimed at enhancing both lifespan and health
span. Recent advancements in geroscience, the study of the relationship between aging and age-related diseases, have begun
to redefine our understanding of Alzheimer’s disease, guiding the development of preventive medical strategies that target
the aging process itself rather than merely addressing the symptomatic manifestations of the disease.
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Over the last fifty years, substantial improvements
in social and health frameworks have significantly
extended the human lifespan. Several factors have
played pivotal roles in enhancing longevity, including
advancements in healthcare, better disease con-
trol, improved nutrition, widespread vaccination
efforts, medical innovations, and increased levels
of education.1 These medical advancements have
enriched the lives of older persons, improving their
healthcare and overall life quality, which in turn has
boosted the average lifespan.2

However, the extension of life expectancy has
also led to a rise in chronic conditions associated
with aging, including dementia, with Alzheimer’s

∗Correspondence to: Virginia Boccardi, MD, PhD, Department
of Medicine and Surgery, Division of Gerontology and Geri-
atrics, University of Perugia, Piazzale Gambuli 1. 06132 Perugia,
Italy. Tel.: +39 075 5783524; E-mail: virginia.boccardi@unipg.it;
ORCID: 0000-0003-2134-1122.

disease (AD) accounting for 60–70%.3 More than
a century ago, Alois Alzheimer first identified
the distinct pathology and symptoms of a young
woman with dementia. Her brain exhibited unique
histopathological markers later associated with AD,
described as “neuritic plaques” and “neurofibrillary
tangles”.4,5 Despite extensive research, the funda-
mental mechanisms behind these neuropathological
changes are still not fully understood, and a cure
for AD is taking longer than expected.5 Promising
new treatments focus on multiple targets, including,
among others, amyloid processes (involving sec-
retases, A�42 production, amyloid deposition, and
immunotherapy), tau proteins (addressing tau phos-
phorylation/aggregation and immunotherapy), and
neuroinflammation.6 Despite significant advance-
ments in understanding AD’s pathophysiology, the
Food and Drug Administration (FDA) has approved,
since the beginning of 2000, only two new treatments,
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proposed as disease-modifying drugs, whose evi-
dence of efficacy in the long run.7 This underscores
the critical need for novel approaches to combat this
longstanding disease.

Undoubtedly, advancing age represents the main
risk factor for AD,8 except in cases of the early-
onset forms, mainly due to genetic factors.9 Aging
is a complex and multifactorial phenomenon charac-
terized by a gradual decline in organ functions and
an elevated risk of age-related diseases.10–13 From a
biological point of view, aging is a heterogeneous
process related to cumulative damage from every
single cell to tissues, organs, and systems, driven
by various mechanisms and pathways in part iden-
tified as the “hallmarks” of aging.11 Accumulation
of damage from environmental, genetic, and lifestyle
factors results in epigenetic changes, telomere short-
ening, DNA damage, and mitochondrial dysfunction,
all leading to the induction and accumulation of
senescent cells.14,15 Senescent cells, in turn, cause
age-related decline by limiting stem cell and tis-
sue regenerative capacity and increasing low-grade
inflammation.15 These represent biomolecular and
time-related alterations that occur during the pro-
cess, facilitating studies aimed at potentially slowing
down aging.11 The hallmarks of aging are character-
istic of every aging cell in the body, the result being
changes at the level of the different organs and sys-
tems. Interestingly, the recognized hallmarks of aging
are closely linked to a heightened risk of develop-
ing neurodegenerative diseases.16 The brain, made
up of both mitotic and postmitotic cells, is partic-
ularly vulnerable to the effects of aging, which are
expressed as structural and cognitive changes. Brain
aging typically begins in the late twenties, with about
a 5% reduction in brain volume per decade after the
age of 40.17 This decline is underpinned by structural
and neurophysiological changes such as reductions in
brain weight, neuron numbers, dendritic fields, cere-
bral blood flow, myelination, and synapse numbers.
Age also impacts neurotransmitter levels, including
those of dopamine and acetylcholine, affecting atten-
tion and memory.16

While some individuals experience healthy brain
aging, many others are affected by age-associated
diseases. ‘Healthy brain aging’ is characterized by
absence (resistance) or abnormal aging hallmarks
that remain within the body’s manageable range
(resilience) and do not induce adverse effects. On the
other hand, ‘pathological brain aging’ occurs when
these abnormal aging markers exceed the body’s
control threshold. Thus, brain aging is a highly indi-

vidualized process influenced by a complex interplay
of genetic, environmental, and lifestyle factors.18

Unlike chronological aging, which measures the pas-
sage of time, the rate and way the brain ages can vary
significantly from one person to another. Biological
aging, rather than chronological aging, is identified as
a primary risk factor for AD.18,19 Recent research has
shown that biological aging in mammals can be mod-
ulated and delayed.20 However, most studies on the
impact of aging on clinical outcomes in humans have
focused solely on chronological age.21 Geroscience
seeks to understand how biological aging contributes
to increased morbidity and to identify new therapeu-
tic targets that could help maintain body function
and delay the onset of age-related diseases. The field
aims to leverage the pillars or hallmarks of aging to
pinpoint molecular targets that could slow the aging
process, thereby potentially preventing multiple dis-
eases simultaneously.

In contrast to traditional medical research that
typically addresses diseases in isolation, the gero-
science approach recognizes that aging supports most
chronic diseases, which often manifest concurrently
in late life. Geroscience supports the concept that
aging is a modifiable process and posits that success-
ful interventions targeting disorders of aging could
significantly extend lifespan, health span, and brain
span. The insights gained from geroscience have pro-
found implications for preventive medicine. Rather
than targeting AD after its onset, preventive strategies
can be implemented at earlier stages of life to mod-
ify risk factors associated with the aging process.22

This includes lifestyle interventions such as diet,
exercise, and cognitive training. In the absence of
a definite cure, patients at high risk could greatly
benefit from early detection of risk factors, poten-
tially reducing the likelihood of developing AD.23

In a few words, we need to move even in clini-
cal practice from Panacea to Hygeia. Hygeia and
Panacea, the two daughters of Asclepius, the godman
of medicine, symbolize the contrast between two con-
cepts of health that are “so close, yet so far apart”:
lifestyle and medication. These concepts represent
two perspectives on health. Hygeia is associated with
the prevention of disease and the continuation of
good health. Hygeia’s approach focuses on lifestyle
choices as integral to maintaining health and pre-
venting disease, reflecting a holistic view that health
is deeply influenced by a person’s environment and
habits. Panacea, on the other hand, is known for
her ability to provide a remedy for every illness
through a single potion or treatment, reflecting the
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idea of a cure-all solution. This aligns with the more
modern, medicine-focused approach to health that
looks to scientific advancements and pharmaceu-
ticals to treat conditions and diseases. These two
contrasting views include a broad debate in health
and medicine: whether emphasis should be placed
more on preventive measures, lifestyle, and environ-
mental factors (the approach of Hygeia), or on the
development and use of drugs and other medical inter-
ventions to cure diseases (the approach of Panacea).
In this context, following the Hygeia track, preventive
medicine is a branch of medical science focused on
avoiding diseases and maintaining health rather than
treating diseases once they have developed.24 This
field emphasizes the overall wellness of individuals,
communities, and defined populations. Its goal is to
protect, promote, and maintain health and well-being
and to prevent morbidity, disability, and death.

While there is currently no evident cure for AD,
research suggests that specific measures might influ-
ence the disease’s progression or mitigate its risk
factors, as reported in Fig. 1. A nutritious diet is cru-
cial for maintaining brain health. The Nutrition for
Dementia Prevention Working Group advises reduc-
ing intake of trans and saturated fats while increasing
consumption of plant-based foods such as whole
grains, seeds, nuts, and leafy green vegetables.25,26

Emphasizing foods rich in antioxidants, vitamins, and
omega-3 fatty acids, like those found in the Mediter-
ranean diet, can help lower the risk of dementia.26

Conversely, high sugar intake and foods rich in sat-
urated and trans fats should be minimized due to
their negative impact on brain health. Engaging in
regular exercise, particularly aerobic activities like
brisk walking for forty minutes three times a week,
has been shown to protect against neurodegener-
ative diseases by supporting brain plasticity and
neurogenesis. Moderate-intensity exercise also pro-
motes healthier glucose metabolism in the brain,
which is crucial for those at risk of AD.27 Maintain-
ing social connections is protective against late-life
dementia. Prolonged social isolation can worsen neu-
rological health and increase the risk of dementia.28

Engaging in social activities can mitigate this risk
and slow cognitive decline in those already affected
by AD. Consistent, high-quality sleep is essential
for brain health. Disruptions in sleep patterns can
increase brain proteins linked to AD.29 Chronic
stress is associated with an increased risk of cog-
nitive impairment. Managing stress and associated
mental health conditions like anxiety and depres-
sion is critical for maintaining cognitive function.30

Indeed, keeping the brain active through activi-
ties such as reading, learning new languages, or
playing musical instruments helps build cognitive
reserves and strengthens neural connections.31 How-
ever, most of the evidence consists of cross-sectional
and correlational studies, which primarily docu-
ment associations rather than establish causation.
While valuable for identifying potential links, this
type of evidence falls short of demonstrating direct
causal relationships. Moreover, few lifestyle stud-
ies successfully eliminate the possibility of reverse
causation, employ experimental designs, or utilize
advanced causal inference methods. Notably, evi-
dence shows that cognitive decline often precedes
and leads to lifestyle changes such as increased social
isolation, reduced physical activity, decreased men-
tal stimulation, and poorer dietary habits, rather than
these lifestyle factors causing dementia.32 This sug-
gests that the relationship between lifestyle factors
and cognitive health may be more complex and bidi-
rectional than previously thought. Therefore, it is
crucial for future research to employ more robust
methodologies, including longitudinal studies that
track changes over time, randomized controlled tri-
als to establish causality, and sophisticated statistical
techniques to better understand the interplay between
lifestyle factors and cognitive decline. This approach
will provide a clearer and more accurate picture of
how lifestyle influences cognitive health and aging,
ultimately leading to more effective prevention strate-
gies. Clinically, employing precision medicine could
yield definitive results in reducing risk and enhancing
patient outcomes. Emphasizing early-stage clinical
trials could spotlight essential risk reduction and tar-
get cognitive decline.

In this context, the success of the FINGER trial33

led to the launch of World-Wide FINGERS (WW-
FINGERS) in 2017, involving now over 64 countries
and encompassing various preventative and risk-
reduction trials.34 With growing evidence supporting
the efficacy of preventive measures, clinicians are
encouraged to educate themselves and advise their
patients on various preventive options. Until a cure is
found, clinicians must utilize all available strategies
to help persons combat AD. Primary care clinicians
need to be motivated to identify AD risk factors and
early signs of cognitive decline; recognize that reduc-
ing AD risk is feasible; and recommend practical
steps toward AD risk reduction, such as adopting
healthy habits. Non-dietary lifestyle changes, such
as increased physical activity and social interaction,
could also sharpen cognitive performances.
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Fig. 1. Six key factors to reduce the risk of Alzheimer’s disease. This figure highlights six key lifestyle factors that contribute to reducing the
risk of Alzheimer’s disease. Illustrated around a central brain image, the factors include healthy diet, regular exercise, social ı̀ engagement,
quality sleep, stress management and mental stimulation. Collectively, these factors emphasize the importance of physical, mental, and social
well-being in maintaining cognitive health. Created with BioRender.com.

However, the effectiveness of lifestyle prevention
for dementia is a topic of considerable debate. While
there is a consensus that lifestyle factors such as
physical activity, a healthy diet, and mental stimula-
tion can contribute to cognitive health, the real-world
application of these preventive measures is fraught
with challenges. Initiating and maintaining signifi-
cant lifestyle changes is extremely difficult. Despite
the best intentions, many individuals struggle to
adopt healthier behaviors. Even when changes are
made, they are rarely sustained over the long term.
This inconsistency in maintaining lifestyle changes
significantly undermines the potential benefits of pre-
vention strategies aimed at reducing dementia risk.
Cultural differences play a substantial role in accept-
ing and implementing lifestyle changes. Cultural
norms and beliefs can influence dietary habits, atti-
tudes toward physical activity, and perceptions of
mental health. Moreover, educational level signifi-
cantly impacts an individual’s ability to understand
and implement health advice. Higher education lev-
els are generally associated with better health literacy,
which is crucial for making informed decisions about

lifestyle changes. Individuals with lower educational
attainment may struggle to understand the impor-
tance of preventive measures or how to effectively
integrate them into their daily lives. This can result
in lower participation rates and reduced effectiveness
of lifestyle interventions in this demographic. Access
to nutritious food is a fundamental component of
lifestyle prevention strategies for dementia. However,
many individuals, particularly those in low-income
or marginalized communities, face significant barri-
ers to accessing healthy foods. Food deserts, areas
with limited availability of affordable and nutritious
food, exacerbate this issue. In these areas, individ-
uals may rely on processed and unhealthy foods
that are more readily available and affordable, con-
tributing to poor dietary habits that increase the
risk of cognitive decline. Another critical issue is
the demographic composition of participants in pre-
vention trials. These studies often recruit healthy,
well-educated individuals who are highly motivated
to improve their health. This selective recruitment can
lead to overly optimistic estimates of the effectiveness
of lifestyle interventions. When these interventions
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are tested at scale, the benefits observed in clinical
trials do not always translate to the general popu-
lation. This discrepancy is particularly pronounced
among those who age most rapidly-individuals who
are unhealthy, have lower levels of education, and are
less inclined to engage in health-promoting behav-
iors. Indeed, the challenges posed by climate change
and its impact on healthy aging should also be
considered.35 The future will be both warmer and
older. Climate change exacerbates environmental
stressors, such as extreme temperatures and pollution,
which disproportionately affect older adults due to
their increased vulnerability and existing health con-
ditions. These stressors can worsen chronic diseases,
reduce mobility, and increase the risk of heat-related
illnesses, complicating efforts to maintain health and
participate in clinical trials. Effective science commu-
nication must address the interconnection between
environmental health and aging, while also dispelling
misconceptions about conflicts between climate sci-
ence and geroscience.35

To address these challenges, it is crucial to develop
and test more effective interventions specifically tai-
lored to the needs and circumstances of high-risk
groups. This includes designing programs that are
accessible, culturally relevant, and capable of engag-
ing individuals who may be less motivated or have
fewer resources. Additionally, these interventions
should be supported by policies that create environ-
ments conducive to healthy living, such as improved
access to nutritious food, safe spaces for physical
activity, and educational resources. Again, it is also
necessary to incorporate climate resilience into trial
designs, ensure adequate infrastructure, and provide
resources to support the health and well-being of
older adults in the face of a changing climate. The
intersection of geroscience and preventive medicine
offers a revolutionary perspective in the fight against
AD. By targeting the aging processes that underlie
many age-related diseases, we can hope to not only
delay the onset of AD but also enhance the overall
quality of life for aging populations. Future research
should focus on translating geroscience discoveries
into practical preventive strategies and implement-
ing them in clinical settings to effectively combat the
looming AD epidemic. In conclusion, while lifestyle
prevention holds promise for reducing the risk of
dementia, the practical challenges of achieving and
sustaining behavior change, especially among high-
risk populations, cannot be overlooked. The known
limitations of current prevention trials highlight the
need for more inclusive research and the develop-

ment of tailored interventions. Acknowledging these
challenges and striving for better, more equitable
solutions will enhance the effectiveness of lifestyle
prevention strategies and ultimately improve cogni-
tive health outcomes for all individuals.
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