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diseases and disabilities in late life and that health span and longevity can be modu-

studies in model organisms and great potentials for translation, most geriatricians re-

USA main skeptical that geroscience will help them in the day-by-day battle with the con-
sequences of aging in their patients. We believe that a closer collaboration between
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that trajectories of health with aging are rooted in intrinsic and extrinsic exposures

tion with aging, also referred to as the “pace” of biological aging. Tools that measure

the pace of aging currently allow for the identification of individuals experiencing
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accelerated aging and at higher risk of multimorbidity and disability. What we term

with clinical practice, is thus poised to extend the action of geriatric care to a life
course perspective. By targeting core mechanisms of aging, gerotherapeutics should
be effective in treating patients with multimorbidity and disability, phenotypes that
are all too common among geriatric patients nowadays. We call for initiatives that
enhance the flow of ideas between gerontologists and geriatricians to facilitate the
growth of translational geroscience. This approach can widen the scope of geriatric
care, including a new role for geroscience in the promotion and operationalization of

healthy longevity.
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Geroscience poses that core biological mechanisms of aging (i.e.,

hallmarks or pillars of aging) underlie many if not all chronic dis-
eases and disabilities associated with aging. This hypothesis is
supported by multiple lines of evidence, from yeast to humans,
revealing that health span and longevity can be modulated by
pharmacological and behavioral interventions, albeit in a hetero-
geneous manner across individuals (Kennedy et al., 2014). The
growing evidence that aging trajectories can be modified has fu-
eled enthusiasm within the scientific community and the public,
leading to increased interest among pharmaceutical (drug) com-
panies and the emergence of private and public organizations
that focus on regenerative medicine and healthy aging. However,

In

the quest for the “magic pill” that can stop the effects of aging
is relentless, and news about another “natural extract” or com-
pound with miraculous properties are omnipresent in the popular
press. Geroscience can be and has been a scientific and cautious
response to such natural desires.

Not surprisingly, the translation to the clinic of the gerosci-
ence approach has been slow and limited. Nevertheless, we are
optimistic of its potential because the scientific premises of the
geroscience hypothesis are rooted in rigorous studies using model
organisms and humans. We propose that formalizing a bridge be-
tween Gerontology, i.e., the investigations that define how and
why we age, and Geriatrics, a medical specialty that takes care of
age-related diseases and geriatric syndromes through comprehen-
sive geriatric assessment, has the potential to bring forth unprec-
edented benefits to patients and the health care system (Zampino
et al., 2022). This editorial is a call-to-action to promote an expan-
sive “translational geroscience” approach that benefits all individu-
als, including not only those who are healthy and wish to maintain
their healthy status, but also older patients with varying burdens of

chronic morbidity and disability.

1 | GEROSCIENCE HAS SHIFTED FOCUS
TO EARLIER IN LIFE, PRIOR TO CLINICAL
PRESENTATION

A key geroscience paradigm shift is the recognition that biological
damage and pathological events occur throughout the entire life
course, although most medical systems currently intervene only
when one or more diseases become symptomatic. Translational
geroscience asserts that the pace of aging can be measured at any
time over one's lifespan, permitting the identification of individu-
als experiencing discordance between their chronological and bio-
logical age, i.e., accelerated aging, that would benefit from more
life course driven diagnostics and tailored intervention(s) that
slow aging and promote healthy longevity. From this perspective,
geroscience-tailored approaches have the potential to benefit the
population at large, promoting healthy aging from birth, yet also
provide a path, if properly calibrated, for improving the quality
of life of individuals at risk for, or burdened with, multimorbid-
ity, i.e., the co-occurrence of disease conditions. We believe that

collaborations between Gerontologists and Geriatricians will open
the door to a new medicine: precision translational geroscience,
applying principles of geroscience informed by clinical practice

and patient histories.

2 | ENVIRONMENTAL DRIVERS OF AGING
AND DISEASE RISK

The emerging evidence suggests that lived experiences, exposures
over one's life course influence genetic, behavioral and environ-
mental determinants of health and quality of aging. For example,
events in utero and over the first few years of life influence trajec-
tories of health and functional status later in life (Kuh et al., 2003)
and can be associated with biomarkers of accelerated aging. These
observations indicate that early life events and exposures can af-
fect the underlying mechanisms of aging and alter aging trajecto-
ries. Relevant exposures, broadly defined as the exposome, include
geography, family characteristics, physical and psychosocial sup-
port, nutrition, education, structural discrimination and stigma,
and stress from many causes, such as air pollution, environmental
toxins, natural disasters, and many others. Indeed, a growing inter-
est is the exposome-driven mechanisms that potentially underlie
health disparities associated with race or socio-economic status.
These exposures impart a life history of damage accumulation, and
short- and long-term stress responses, that could potentially be
imprinted in the epigenome (Baccarelli et al., 2023). To date, how-
ever, the subclinical interplay of early life exposure events with re-
serves and resiliencies on health trajectory remains under-studied
yet may help in explaining observed heterogeneity in health out-
comes. For example, a history of long-term engagement in physical
activity may promote physical reserve and resilience that reduces
disability and enhances treatment response. Similarly, an immune
history of exposures and responses might predict vulnerability
to future risk and adverse outcomes (Ahuja et al., 2023, Marconi
et al.,, 2022). At present, such life history information is under-
utilized when designing treatment interventions. Thus, expanding
life course epidemiological efforts, including the mechanisms that
maintain allostasis (i.e., a conceptual balance of stressors and re-
serves) from macromolecular to whole person, will enable geriatri-
cians to better engage in health prevention care strategies that
promote healthy longevity.

3 | A GROWING ARSENAL OF TOOLS TO
MEASURE THE PACE OF AGING

Intervention outcomes in gero-trials occur over several years or
decades. To address this problem, scientists have developed mo-
lecular clocks (Hagg et al., 2019) that provide real-time measures
of the pace of biological aging as proxy measure of direct clini-
cal outcomes such as multimorbidity or disability. Setting aside
whether these clocks are mechanistically informative, it has been

85UBD|7 SUOWILLOD) BAesID 3|qed!jdde auy Ag pausenob a1e (o e YO ‘88N JO S9|NJ 1o} Akeiq|8UlUO /8|1 UO (SUORIPUOD-PUR-SWIS}/L0D A8 | M AReIq 1 BU1|UO//SARY) SUORIPUOD PUe WS | 8L} 88S *[5202/T0/0Z] Uo Aelq1Tauliuo AS|IM ‘YEOYT  PIe/TTTT OT/I0p/W0d A3 1M Aselq 1 jBul|uo//Sdny wouy papeojumod ‘T *¥20Z ‘92.6vLyT



FERRUCCI ET AL.

demonstrated that they are sensitive to various exposures dur-
ing the life course. Moreover, some of the tools are sensitive to
interventions, prior to evidence of impairment (Mogri et al., 2023).
As a key element of translational geroscience, the growing set of
molecular clocks can be used to identify and quantify the impact
of differing environmental exposures and risk factors for health
deterioration, and separately, inform responses to geroscience-

inspired clinical trials.

4 | TOO MUCH EMPHASIS ON
PREVENTION?

While progress in geroscience can be very exciting, it is sometime
argued that the focus on prevention and detection of subclini-
cal risk may remove the necessary attention to older people with
varying levels of multimorbidity and disability. Gerontologists who
have been searching for the mechanisms of aging have almost by
serendipity encountered resilience pathways that allow for the
maintenance of the biological stability necessary for life and func-
tion. These are mechanisms (a.k.a., hallmark/pillars) of “intrinsic”
prevention of adverse modifications or damage accumulation, and
failure in these mechanisms leads to molecular, cellular and bio-
logical changes that cause the phenotypes of aging, including the
major chronic diseases. The objective of translational geroscience
will be to use available molecular tools to define the degree of
one's residual resilience capacity, as well as damage accumulation,
and based on this information, engineer a precise treatment strat-
egy that will optimize one's health span. This approach is consist-
ent with the WHO healthy aging program (Bautmans et al., 2022),
and our hope is that eventually this approach will become part of
the general medical culture and a component of health provider
training across medical specialties (e.g., oncology, pulmonology,
cardiology, chronic infectious disease biology, etc.). However, cur-
rently, geriatricians are best positioned to open this road as they
deal with the consequences of aging and chronic diseases in their
everyday practice.

Gerotherapeutics promises to improve the likelihood for
healthy people to remain healthy as they age, but also to effec-
tively delay and slow down the accumulation of multimorbidity.
Despite the rising prevalence of multimorbid burden worldwide,
the approval of new therapeutics by regulatory agencies is dis-
ease-specific and symptom-focused, such that “accelerated” bi-
ological aging or “multimorbidity” are not currently considered
a medical indications (The PLOS Medicine Editors, 2023). As a
result, ongoing clinical trials that involve gerotherapeutics are
designed to address treatment effectiveness against a specific
disease rather than as a intervention against unhealthy aging per
se. Looking forward, the translational geroscience approach may
dissolve the existing boundaries around a single disease mindset
and open the focus to improving health and function in persons
across a spectrum of health states, from disease-free with future
risk to prevalent multimorbidity.

Aging

5 | RE-CALIBRATING GEROSCIENCE TO
PREVENT AND TREAT MULTIMORBIDITY
AND DISABILITY

Multimorbidity can be heterogeneous with varying trajectories
over the life course (Vetrano et al., 2020). Geriatricians have de-
veloped modalities of care for this population, and by focusing on
function and subjective goals of care (e.g., PROs: patient defined
reported outcomes), have improved the quality of life for many
patients. In a society that celebrates the heroics of “saving a life”,
exemplified by television programs such as “ER” or “House”, or
that marvels at multimillionaires leveraging geroscience to main-
tain their optimal health (https://www.newyorker.com/magaz
ine/2017/04/03/silicon-valleys-quest-to-live-forever), activities
that occur in a context of growing health inequity (Zaninotto
et al., 2020), there is proportionately less attention given to those
whose health is fading over time. Today, patients with multimor-
bidity and/or disability account for an increasing bulk of the pa-
thology and disease burden in our population.

Can translational geroscience help improve the care of geriatric
patients and bring more doctors to the geriatric specialty? Few peo-
ple think about engaging a geriatrician until they happen to have a
close family member or friend experiencing multimorbidity or a geri-
atric syndrome (e.g., frailty, dementia). However, as pointed out by a
recent editorial in JAMA by Dr. Gurwitz, despite the growing need,
geriatrics as a profession is paradoxically becoming less popular in
the United States (Gurwitz, 2023). Moreover, geriatricians are among
the least paid specialty in the entire health care system, dampening
enthusiasm for pursuing this profession. Geriatricians' unique exper-
tise will be essential to the design and real-world implementation
of gerotherapeutics and to move new discoveries from the prover-
bial bench to bedside, ultimately guiding improved routine health
care. The new emphasis on the biological mechanisms of aging may
also spark a new interest for geriatric medicine throughout one's
life course and offer an opportunity for professional and financial
growth through an expanded relevance across the human condition.
At present, many geriatricians are skeptical that the new geroscience
can help them in their everyday practice, largely because of the lack
of evidence for translation from bench to bedside. We argue that we
are still in the early stage of the translational geroscience transfor-
mation, but the window of opportunity opened by geroscience has
clear potential to lead to profound therapeutic advances, with two
major factors supporting our optimism. First, gerotherapeutics aim
to empower the cellular, organismal and whole person mechanisms
that maintain an allostatic equilibrium (defined as a balance between
the accumulation of lived biological and psychosocial stressors
countered by resiliencies and reserve). Second, the development of
tools that measure the biology of aging provide decision-enabling
tools to measure a person's “biological aging profile”. Information
regarding the status of an individual's resilience capacities and bi-
ological age could inform therapeutic approaches. For example, the
accumulation of senescent cells, an age-related biomarker, within a
specific organ may serve as a predictor of inflammaging and adverse
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response to chemotherapy (Demaria et al., 2017). In spite of the

complexity implicit in the design and implementation of clinical trials
with older persons, the translation of some geroscience discoveries
is occurring, with some clinical trials on senolytic candidates already
in the field (Rolland et al., 2023; Wyles et al., 2022).

6 | AN OPPORTUNITY TO INTEGRATE
GERIATRICS INTO GEROSCIENCE-INSPIRED
THERAPEUTIC STRATEGIES ACROSS THE
LIFE COURSE

For translational geroscience to advance, we will need to open com-
munication and stimulate collaboration between gerontologists and
geriatricians. We need a serious commitment on both sides to join the
“discussion at the table” to capitalize on this emerging opportunity,
as breeching the gap between geroscientists and clinicians will re-
quire reciprocal cooperation. For example, it happens too often that
fundamental, basic scientists that discuss geroscience in scientific
meetings do so to an audience of their peers, with little participation
from clinicians. Moreover, to accelerate patient-driven progress, we
believe that geriatricians who are fully aware of the problems of older
patients could communicate these complex problems and broader
needs to gerontologists. Luckily, we do not have to start from ground
zero, as initiatives aimed at encouraging interactions and shared dis-
cussion have already begun. As a few key examples, we note the
following: (i) A discussion on the value of geroscience is ongoing in
the Association of Directors of Geriatric Academic Programs, and
such discussion has broadened to the American Geriatric Society at
large. (i) The third and fourth Geroscience Summits organized by the
National Institute on Aging brought together researchers and health
professionals from various disciplines to discuss how to advance the
translational geroscience agenda. However, we need additional and
broader efforts of this sort, as well as new creative approaches. For
example, scientists who study aging may benefit from direct con-
tact with geriatricians and geriatric patients. Similarly, building into
the geriatric curriculum an opportunity for geriatricians to work in
research laboratories that focus on translational geroscience issues
may help in breaking down skepticism.

One example of how a translational geroscience approach might
be aligned to benefit patients is in the management of sarcopenia,
a heterogeneous condition that involves known biological drivers
of aging. There has been an enormous effort over the last several
years to agree on a diagnosis of sarcopenia, combining informa-
tion on strength, body mass, walking speed and other parameters.
However, there remains little agreement on diagnostic criteria nor
an effective treatment, despite the successful introduction of an
ICD-10 code. An alternative approach would be to recognize sarco-
penia as an aging syndrome caused by damage accumulation across
multiple physiological domains, including the central and peripheral
nervous, cardiorespiratory, vascular and osteoarticular systems. In
this scenario, instead of focusing on muscle characteristics, inter-
ventions would focus on the multiple health trajectories leading to

sarcopenia that variably involve pathways related to the aging hall-
marks. The variability in disease complexity of course lies on top of
many other age and life history dependent factors. We posit that
just a simple history of the level of physical activity in the different
epochs of life may be extremely informative in understanding the
antecedents to risk for sarcopenia. Formal recordings of specific life
course events or exposures using emerging tools, coupled with an
understanding of how these experiences affect sarcopenia through
the lens of translational geroscience, would likely be transformative
in the way geriatricians assess and tackle this condition. Envisioned
gerotherapeutics would, in principle, target multiple biological sys-
tems to improve muscle function in many individuals, although po-

tentially through distinct mechanisms in different persons.

7 | ANEW PARTNERSHIP ON THE
HORIZON

We started this discussion with an optimistic perspective; namely,
that translational geroscience, through integration of a targeted
medical history with molecular aging diagnostics, can turn a page
in medicine and expand the reach of geriatrics. A question posed
by Richard Miller in 1997, “When will the biology of aging become
useful?”, is more relevant now than ever (Miller, 1997). We acknowl-
edge that today there are only limited examples of treatments com-
ing from geroscience in clinical practice, as we wait for the results of
the many clinical trials that are currently ongoing (Chaib et al., 2022;
Raffaele & Vinciguerra, 2022). Nevertheless, our hope, with the ex-
pectation that gerotherapeutics will become more common place as
we move forward, is that we align efforts to better understand aging
trajectories and better enable geroscience-informed geriatrics to
promote healthy aging. Indeed, a growing number of older persons
burdened by frailty and other aging syndromes are waiting for us
to recognize and address their need. There is no time or energy to
waste, and we hope geroscientists and geriatricians will join forces to
champion a translational geroscience transformation in healthcare.
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