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Abstract

While increasing human life expectancy is a significant societal achievement, it often contrasts with a short-
er health-span, leading to a higher incidence of chronic diseases, particularly in older adults. Physical activity
is crucial for mitigating age-related musculoskeletal decline, yet participation in structured and vigorous
exercise among older adults is low. This review aims to provide an overview of the impact of biological aging
on the musculoskeletal system and to highlight countermeasures, including viable exercise-related strate-
gies. The review found that biological aging contributes to sarcopenia (age-related loss of muscle mass and
quality), sarcopenic obesity (reduced muscle mass with elevated fat mass), dynapenia (age-related loss of
muscle strength), and declines in aerobic capacity, alongside changes in appetite regulation and energy
expenditure. Importantly, moderate-to-vigorous physical activity (MVPA) is crucial for maintaining muscle
mass and preventing sarcopenia. Achieving daily step counts of approximately 6,000-8,000 for adults over
60, or specifically around 8,000 steps for men and 6,900 for women, and/or 15-20 minutes of MVPA daily,
appears adequate for preventing sarcopenia. Replacing sedentary time with even small amounts of MVPA,
such as 15 minutes daily, can reduce sarcopenia risk by about 15%, with greater benefits seen with longer
durations like 60 minutes of MVPA. In conclusion, while structured resistance and endurance training are
highly recommended, older adults who find adherence challenging can still enhance their health-span by
aiming for daily step targets or incorporating approximately 30 minutes of daily MVPA. This minimalistic
approach can help preserve muscle mass, limit fat accumulation, and counteract the detrimental effects of
biological aging on the musculoskeletal system.
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Introduction

Recent history has seen a notable rise in human life ex-
pectancy, a metric representing the average lifespan within
a population. This trend has been consistent in developed
nations for the last two centuries, yet it surpassed projected
global limits of 71 years for males and 74 years for females,
thereby maintaining its trajectory (Ismail et al., 2021;
Oeppen et al., 2002). Although this sustained increase in

life expectancy within developed countries was not an-
ticipated, understanding the factors driving these aging
demographic shifts is crucial. Indeed, enhancements in
living standards, readily available resources like accessible
clean drinking water, improved sanitation, medical prog-
ress (such as antibiotic use), and education correlate with
reduced mortality rates in early and mid-life stages, thus
contributing to the extension of life expectancy (Mitchell
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et al., 2020). Furthermore, advancements in socioeconom-
ic conditions, healthcare accessibility and quality, public
health initiatives, and social support systems have collec-
tively improved the quality of life across the entire lifes-
pan (Marzo et al., 2023). Consequently, projections indi-
cate that by 2050, the populations aged over 65, 85, and
100 years will grow by 188%, 551%, and 1004%, respec-
tively (Oksuzyan et al., 2020). In fact, the cohort aged 60
and above has already doubled over the past four decades,
now numbering 810 million globally. This demographic
trend is anticipated to continue, with the aging popula-
tion expected to approach approximately 2 billion by the
year 2050 (Oksuzyan et al., 2020). Global disparities in life
expectancy, along with associated sex-based differences
in mortality and morbidity risks, represent significant ar-
eas of focus for academia and policy, aiming to promote
more equitable and healthy lives for everyone. While this
significant extension of life expectancy among aging pop-
ulations signifies societal progress, this increased longevity
does not invariably translate to a proportionately extend-
ed health-span (Olshansky, 2018). The former denotes the
total duration of life lived, whereas the latter refers to the
period experienced free from significant disease. In reality,
lifespan and health-span seldom align perfectly. For in-
stance, Garmany and colleagues (2021), comparing 2020
median probabilistic projections for life expectancy and
health-adjusted life expectancy, identified a 9.2-year gap
between health-span and lifespan. This chronological dis-
crepancy between health-span and lifespan often manifests
as non-communicable diseases affecting various biological
systems, including the cardiovascular, pulmonary, endo-
crine, and musculoskeletal systems, and ultimately arises
from unhealthy biological aging processes (DiLoreto et al.,
2015). For these reasons, the World Health Organization
(WHO) has designated healthy biological aging as a re-
search priority for the period between 2016 and 2030
(Keating, 2022). To enhance health-span and promote
optimal body mass, the WHO advises a minimum of 300
minutes of physical activity (PA) per week for adults aged
18 to 64 (Bull et al., 2020). This recommendation stems
from the fact that PA—any bodily movement generated by
skeletal muscles—is the most significant regulator of skele-
tal muscle plasticity in both younger and older adult popu-
lations (Escriche-Escuder et al., 2021). However, for older
adults (65+ years), the WHO places increased emphasis on
more structured and vigorous forms of PA to prevent sar-
copenia and sarcopenic obesity (Bull et al., 2020). Vigorous
PA modalities can induce distinct physiological adapta-
tions depending on the type of exercise (Escriche-Escuder
et al., 2021). For example, resistance exercise training is
considered the most effective non-pharmacological in-
tervention for promoting skeletal muscle hypertrophy, a
condition where muscle protein synthesis consistently sur-
passes muscle protein breakdown, leading to an increased
cross-sectional area of the muscle (Damas et al., 2015).
This form of training is associated with improvements in
muscle pennation angle, neural rate coding, coordination,
and increased bone mineral density (Kraemer et al., 2002).
Conversely, endurance exercise training enhances muscle
capillarization, mitochondrial density, and consequently,
maximal oxygen uptake (VO2max) (Hughes et al., 2018).
It is thus understandable that the WHO recommends
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combining resistance and endurance training modalities
for older adults. Nevertheless, despite these clear health
advantages, population-level participation in these rec-
ommended exercise forms among older adults (65+ years)
worldwide remains low, at only 16% (Elgaddal et al., 2022).
Therefore, the primary objective of this review is to provide
an overview of the impact biological aging can have on the
musculoskeletal system and to highlight countermeasures
as well as viable exercise-related strategies

Hallmarks of Biological Ageing

From a biological perspective, aging can be described
as senescence, signifying a progressive, cumulative decline
in an organism's regenerative capacity and bioprotective
functions (Hernandez-Segura et al., 2018). Key initiators of
cellular damage, and consequently biological aging, include
genomic instability, the shortening of telomeres, epigenetic
modifications, and impaired proteostasis. These fundamen-
tal processes subsequently trigger various cellular respons-
es, including disruptions in intracellular communication,
depletion of stem cell populations, induction of cellular
senescence, mitochondrial impairment, and aberrant nu-
trient sensing pathways (Aubert et al., 2008; Fafidn-Labora
et al., 2020; Roger et al.,, 2021). However, inflammation
represents a standard physiological reaction to cellular
damage, facilitating tissue repair following endogenous or
exogenous insults (Weavers et al., 2020). While this acute
inflammatory response is typically beneficial and aids heal-
ing, persistent low-grade inflammation frequently remains
undetected yet can detrimentally affect specific tissues and
organs, thereby contributing to the continuation of chronic
diseases and debilitating conditions (Minihane et al., 2015).
Both aging and obesity are linked to this state of chronic
low-grade inflammation, a condition also recognized in
various non-communicable diseases like arthritis, type 2
diabetes, and cancer (Adler, 2011). Notably, the elevation
in pro-inflammatory markers (cytokines) driven by obesi-
ty originates from enlarged adipocytes and immune cells
residing within adipose tissue, predominantly lymphocytes
and macrophages (Moss et al., 2023). Nevertheless, even a
modest body mass reduction of just 5% has demonstrated
efficacy in mitigating obesity-associated chronic low-grade
inflammation in both human and murine models (Ellulu et
al., 2017). In this context, reducing fat mass (FM) is achiev-
able through establishing a negative energy balance, a con-
dition where energy expenditure surpasses energy intake
over extended durations, leading to intentional weight re-
duction (Kim, 2021).

Although inflammation linked to obesity can be less-
ened via weight reduction, biological aging itself is an un-
avoidable process and is associated with a persistent age-re-
lated chronic low-grade inflammation, often termed ‘in-
flamm-ageing’ (Franceschi et al., 2000). Sustained and un-
resolved inflamm-ageing can subsequently diminish brain
plasticity, degrade skeletal muscle quality and function, and
promote the accumulation of visceral and ectopic fat de-
posits, which themselves are pro-inflammatory (Cianciulli
et al,, 2022). Collectively, these changes result in an elevat-
ed probability of physical disability, frailty, and metabolic
disorders, ultimately impairing the quality of life for older
adults (Figure 1) (Netuveli et al., 2008; Vanleerberghe et al,,
2017).
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FIGURE 1. Markers of biological aging resulting in reduced health-span

Sarcopenia and Changes in Lean Body Mass

The adverse consequences of biological aging can man-
ifest surprisingly early, potentially beginning in the second
decade of life, and impacting various physiological systems
such as the cardiovascular and neuromuscular systems,
along with the brain (Netuveli et al., 2008; Vanleerberghe
et al., 2017). A prime example is the age-associated de-
cline in both the amount and functionality of skeletal mus-
cle mass, a condition known as sarcopenia (Larsson et al.,
2019). Sarcopenia's onset can also occur early, leading to a
reduction in skeletal muscle mass averaging 0.47% annual-
ly in men and 0.37% in women, rates which subsequently
increase to 0.98% for men and 0.70% for women beyond
the age of 75 (Berger et al., 2010; Marzetti et al.,, 2017).
Additionally, owing to the significant correlation between
skeletal muscle mass and bone mineral density, sarcopenia
frequently coexists with osteopenia, defined as a decrease in
bone mineral density that typically precedes the develop-
ment of osteoporosis (Lee et al., 2016). As a result of sarco-
penia, individuals may lose close to 30% of their peak skel-
etal muscle mass by their 80th year (Marzetti et al., 2017).
This loss is especially significant given that skeletal muscle
comprises approximately 40% of total body mass and plays
vital roles in movement, postural support, and respiration,
besides serving as a primary location for nutrient metabo-
lism and storage (McLeod et al., 2016).

Lean body mass (LBM), encompassing organs like the
kidneys, heart, liver, brain, and skeletal muscle, represents
a highly metabolically active tissue compartment (Wang et
al., 2010). While all these LBM constituents are susceptible
to biological aging, skeletal muscle constitutes 70-90% of to-
tal LBM and is particularly affected by sarcopenia (Larson
etal., 2019). Consequently, alterations in LBM may act as an
indicator, reflecting the progression of sarcopenia through-
out the lifespan. For example, research by Westerterp and
colleagues (2021) indicated that LBM reaches its peak be-
tween 20-24 years in males and 19-20 years in females,
subsequently remaining stable until about age 30. Likewise,
Jackson and colleagues (2012) observed a stable LBM peri-
od from age 20 to 47, followed by reported annual decreases
escalating from 0.42 kg in the fifth decade to 1.96 kg in the
eighth decade. Findings from Guo and colleagues (1999) al-
so suggest that LBM decreases become notable in both sexes
between the ages of 40 and 50. Investigating LBM variations
across healthy individuals aged 18 to 94, Kyle and colleagues
(2001) identified the onset of decline around the age of 60.
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During aging, women typically experience smaller absolute
and relative decreases in skeletal muscle mass compared to
men, which largely accounts for the observed sex differenc-
es in LBM trajectories (Churchward-Venne et al., 2015). It
is noteworthy that women possess approximately 40% less
muscle mass in the upper body and 30% less in the low-
er body compared to men (Janssen et al., 2000). Research
by Visser and colleagues (1997) documented that over a
50-year span (ages 20-70), total appendicular skeletal mus-
cle mass loss amounted to 4 kg (~15%) in men and 2 kg
(~11%) in women. Another longitudinal investigation by
Gallagher and colleagues (1997) reported absolute appen-
dicular skeletal muscle mass reductions of approximately 1
kg in men and 0.6 kg in women across a 7-year timeframe.
Furthermore, research examining muscle atrophy rates in
older populations indicated slower muscle mass reduction
in women relative to men over a 2-year observation period
(Zamboni et al., 2003).

Sarcopenic Obesity and Changes in Fat Mass

Declines in skeletal muscle quantity and functionality
can lead to improper nutrient partitioning, manifesting
as increased fat infiltration within skeletal muscle and the
buildup of visceral and ectopic adipose tissue, conditions
associated with insulin resistance, dyslipidemia, and specif-
ic types of cancer (Larsson et al., 2019). The coexistence of
reduced skeletal muscle mass and elevated fat mass (FM) in
later life defines sarcopenic obesity, a condition estimated
to impact 4.1% of males and 2.65% of females aged 18 to 93
years (Frontera et al., 2015).

Regarding sarcopenic obesity, cross-sectional data sug-
gest that FM expands annually by 1% in both sexes starting
from the fourth decade of life (Churchward-Venne et al.,
2015; Janssen et al., 2000; Kuk et al., 2009; Kyle et al., 2001).
Conversely, one longitudinal investigation found that FM
begins to increase from age 40, reaching a peak around age
60 in both males and females, with average yearly gains of
0.37 kg and 0.41 kg, respectively (Guo et al., 1999). A longi-
tudinal study by Visser and colleagues (2003) identified peak
FM occurring between the ages of 68 and 80 in both sexes.
Comparable results emerged from a longitudinal study by
Zamboni et al. (2003), where researchers also observed peak
FM levels between 68 and 80 years for both men and wom-
en. These observations align with several cross-sectional
investigations indicating that peak fat mass occurs be-
tween ages 60 and 76 in both male and female participants
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(Churchward-Venne et al., 2015; Janssen et al., 2000; Kyle et
al., 2001). Further research examining fat distribution pat-
terns in older adults indicates that aging can foster altered
fat deposition, resulting in excessive fat accumulation, par-
ticularly as visceral fat in the abdominal region (Hirose et
al., 2016; Huffman et al., 2009). Indeed, a diagnosis of sarco-
penic obesity may be considered when waist circumference
surpasses 90 cm for men and 85 cm for women (Barazzoni
etal., 2018). Notably, aging correlates with an average yearly
increase in waist circumference of about 0.7 cm (Noppa et
al., 1980). For instance, longitudinal data from Hughes and
colleagues (2019) show that older women experienced an
average waist circumference gain of 4 cm over nine years,
whereas older men showed a non-significant increase of 1
cm during the same timeframe. Comparable results were
reported in another study, with older women exhibiting
larger increases in waist circumference over five years than
men (+2.8 cm versus -0.2 cm, respectively) (Hairston et
al., 2009). These longitudinal findings are corroborated by
cross-sectional studies where older women demonstrated
greater age-related waist circumference increases compared
to their male counterparts (Sakai et al., 2005; Singh et al,,
2019). Collectively, these studies suggest that aging women
exhibit a greater tendency towards fat mass accretion, par-
ticularly the deposition of visceral fat in the abdominal area.

Indirect Markers of Ageing
Muscle strength

Independent of sarcopenia or sarcopenic obesity, the
age-associated reduction in muscle strength can further di-
minish quality of life by negatively impacting personal mo-
bility and overall neuromuscular function. This decline in
muscle strength, occurring independently of overt disease,
is specifically referred to as dynapenia (Clark et al., 2012).
Indeed, the diminution of muscle strength can commence
as early as the third decade, exhibiting an average annual
decrease of 1.5% between ages 50 and 60, which acceler-
ates to 3-5% per year between ages 60 and 80 (Keller et al.,
2014). Generally, muscle strength is commonly evaluated
via handgrip dynamometry, with values below 27 kg often
considered indicative of sarcopenia and dynapenia (Cruz-
Jenoft et al., 2019). The reduction in strength is primarily
attributed to the atrophy and denervation of type II muscle
fibres at the neuromuscular junction (NM]), fibers charac-
terized by high glycolytic capacity and greater force-gener-
ating potential compared to type I fibres (Callahan et al.,
2014). Consequently, the preferential loss of type II fibres in
older adults often results in challenges performing routine
daily activities, such as ascending stairs, lifting moderately
heavy objects, or rising from a seated position (Goodpaster
et al., 2006). Furthermore, dynapenia is thought to inter-
fere with the excitation-contraction coupling mechanism,
potentially by hindering calcium release from the sarcoplas-
mic reticulum (Clark et al., 2012). As a consequence, func-
tional limitations are evident, with 17% of women and 9% of
men over 65 reportedly unable to lift a 5 kg weight or kneel.
Significantly, dynapenia is estimated to affect approximately
one-quarter of individuals over the age of 50 (Siparsky et
al,, 2014).

Aerobic Capacity
Alterations in body composition can lead to modifica-
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tions in aerobic fitness. For example, maximal oxygen con-
sumption (VO2max) represents the capacity of the body to
transport and utilize oxygen within skeletal muscle. At the
population level, VO2max serves as a key indicator of over-
all cardiopulmonary fitness, a parameter strongly associated
with health span and risk of all-cause mortality (Hawkins et
al., 2007). Consequent to sarcopenia and sarcopenic obesity,
VO2max typically decreases, primarily owing to impaired
mitochondrial dynamics (fusion and fission), leading to re-
duced numbers of functional mitochondria, and a dimin-
ished mitochondrial biogenesis response to physical activity
(PA) (Liu et al.,, 2020). Consequently, VO2max generally
begins to decrease after the age of 25, declining by approxi-
mately 1% annually, with this rate potentially increasing to
1.5% per year between the ages of 50 and 75 (Betik et al.,
2008), mirroring age-related shifts in body composition and
metabolic function. Furthermore, VO2max is recognized
as a significant indicator of brain health. Indeed, recent re-
search demonstrated that VO2max strongly predicts brain
health metrics, such as brain volume and mass (Neves et al.,
2023).

Appetite

Indeed, there is extensive evidence indicating the pres-
ence of age-related changes in brain plasticity which pre-
disposes older individuals to neurological diseases such
as dementia and Alzheimer’s disease (Hou et al., 2019).
Biological ageing, however, tends to also affect the appe-
tite-signalling cascade in the brain, which is the master
orchestrator of energy balance (Matafome et al., 2017). For
instance, age-related dysregulation in energy intake is char-
acterised by altered appetite due to dampened sense of taste
and smell and impaired gastric motility, which contribute to
the reduced desire to eat (Clarkston et al., 1997; Crogan et
al., 2014; Schiffman, 1997). This phenomenon is now known
as, anorexia of ageing and it is estimated to affect 15% to
30% of older adults, with higher rates in older age groups
(Malafarina et al., 2013). More specifically, anorexia of age-
ing has been reported to manifest in 25% of home-dwell-
ers, 60% in hospital inpatients and 80% of nursing home
residents (Roy et al., 2016). In turn, this can translate in
smaller meals eaten and poor preference for less-palatable
nutrients such as dietary proteins, which are key in promot-
ing muscle protein synthesis. This is particularly concern-
ing as older individuals require more dietary protein per
meal to elicit a muscle protein synthetic response (Moore
2014). Furthermore, ageing is also related with a reduction
in the orexigenic drive that promotes hunger. Ghrelin, a
major orexigenic hormone, is known to decrease with ad-
vancing of age (Serra-Prat et al., 2009). Similarly, leptin, an
anorectic hormone, increases with age pre-prandially and
post-prandially (Adamska-Patruno et al., 2019). Ultimately,
these adverse effects of anorexia of ageing are mainly the
result of age-related changes in homeostatic and non-ho-
meostatic brain circuity that regulates energy balance and
body weight.

Energy Expenditure

Energy intake, including appetite, track the energy de-
mands imposed by LBM and PA. On this note, LBM and PA
have been shown to modulate food intake in older adults.
For example, in a recent systematic review and meta-anal-
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ysis Hubner and colleagues (2021) reported that physically
active older individuals (60+yrs) have a better regulation
of energy intake to match their energy needs. On this note,
a higher appetite is a behavioural response to an elevat-
ed total daily energy expenditure (TDEE). A major static
component, resting metabolic rate (RMR), comprises of
60-70% of TDEE and can be defined as the energy yield
required to maintain biological processes within the body,
particularly in metabolically demanding tissue of LBM
such as the kidneys, heart, liver, brain and skeletal muscle
(Blundell et al., 2012; Villablanca et al., 2015). The latter
yields only 13 kcal per kilogram, however, because skele-
tal muscle accounts for 70 to 90% of all LBM, this highly
metabolically active organ becomes a major determinant
of RMR in healthy adults (Heymsfield et al., 2018). On this
note, Pontzer and colleagues (2021) recently examined dif-
ferences in TDEE across the life course of 6400 individu-
als using doubly labelled water and indirect calorimetry,
which are gold standard techniques to assess daily energy
expenditure and basal metabolic rate in free living individ-
uals. Their findings suggest that there are four metabolic
life stages. First, new-borns have similar RMR to an adult,
however, at one year of age, infants display a 50% higher
RMR when compared to the RMR of an adult, which is due
to the increased energy requirements for organ growth.
From approximately one year of age, when relative RMR is
at its highest, RMR tends to slowly decrease until reaching
a plateau at ~20 years of age and remaining stable thereaf-
ter until ~60 years of age. Menopause for women as well as
puberty in males and females were not factors contribut-
ing to substantial changes in RMR (Pontzer et al., 2021).
However, the age-related decline in RMR adjusted for body
size and body composition becomes significant in older in-
dividuals (60+ years). This age-related reduction in RMR is
multifactorial, and mainly driven by blunted muscle pro-
tein synthesis, organ specific atrophy, as well as decreased
enzymatic activity (Manini 2010). In addition, mass of the
brain, kidney, liver, skeletal muscle, as well as bone mass,
tend to decline by 10-20% from 20 to 60 years of age re-
sulting in substantial reductions in RMR (Zampino et al.,
2020). To summarize, promoting maintenance of LBM is a
desirable outcome, which may promote metabolic health
and locomotion, but also aid appetite regulation in older
individuals.

Daily Steps Towards Optimal Health-span

Typically, older individuals cover shorter walking dis-
tances compared to younger adults, even when their daily
time spent walking is comparable (Zhao et al., 2015). This
observation is especially relevant considering reported de-
clines in lifetime peak physical activity (PA) ranging from
40% to 80% (Westerterp, 2018). Indeed, current evidence
indicates that a higher walking pace (such as brisk walk-
ing) positively correlates with overall fitness levels among
older adults (Wu et al., 2021). Consequently, it aligns with
the World Health Organization's (WHO) recommenda-
tion for older adults to engage in 300 minutes of PA or 150
minutes of moderate-to-vigorous physical activity (MVPA)
weekly (Rivera-Torres et al., 2019). At the population level,
MVPA is often defined as intentional PA performed at an
intensity between 3 and 6 metabolic equivalents (METs),
with 1 MET representing the energy expenditure during
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quiet sitting. Alternative methods for quantifying MVPA
include assessing intensity relative to maximal heart rate or
using ratings of perceived exertion. A more recent propos-
al by MacIntosh and colleagues (2021) suggests categoriz-
ing MVPA based on ventilatory and/or lactate thresholds,
identifying the first threshold with moderate intensity and
the second with vigorous intensity PA. In simpler terms,
the 'talk test —where physical exertion makes carrying on a
conversation slightly, but not overly, difficult—can serve as
a subjective indicator of MVPA intensity (Reed et al., 2014).
Thus, MVPA encompasses activities like brisk walking, as-
cending stairs, dancing, household cleaning, and garden-
ing. Ultimately, MVPA involves an effort level capable of
eliciting physiological adaptations akin to those from for-
mal resistance and endurance training, albeit typically to
a lesser degree (Loprinzi, 2015). These everyday, unstruc-
tured PA bouts of varying intensities can be measured using
triaxial accelerometers (e.g., wrist-worn activity trackers),
which also facilitate the quantification of PA through met-
rics like daily step counts (Henriksen et al., 2018).

While a common public health guideline promotes
aiming for 10,000 steps daily (Choi et al., 2007), this specific
target lacks robust support from current scientific findings
(Hall et al., 2020; Jayedi et al., 2022; Paluch et al., 2022). For
instance, a systematic review by Hall et al. (2020) found that
higher daily step counts correlated with reduced risks of car-
diovascular disease and all-cause mortality. However, this
review was not designed to determine a specific dose-re-
sponse relationship. This aspect was explored in a later
systematic review by Jayedi et al. (2022), which identified a
dose-response association between daily steps and all-cause
mortality risk. Compared to individuals achieving 16,000
daily steps, those walking only 2,700 steps per day exhibited
nearly double the risk of all-cause mortality, according to
their findings. A more recent meta-analysis encompassing
15 international cohorts and 47,471 adults by Paluch et al.
(2022) aimed to estimate the optimal daily step count for
maximizing health benefits. Their analysis revealed that in-
creased daily steps correlated with progressively lower mor-
tality risk, with benefits appearing to level off around 6,000-
8,000 steps/day for adults over 60 and 8,000-10,000 steps/
day for those under 60. However, these large-scale analyses
did not specifically examine how age-related variations in
body composition might influence these relationships or
contribute to suboptimal metabolic health and reduced
mobility (McLeod et al., 2016). A cross-sectional study by
Westerterp et al. (2021), including 2,000 participants aged
3-96, demonstrated that PA significantly influences body
composition throughout life. Nevertheless, these authors
emphasized that the specific type and intensity of PA ap-
pear particularly crucial for mitigating unfavourable body
composition changes (Westerterp et al., 2021). Illustrating
this, Scott et al. (2011), studying 697 older adults, observed
a robust link between greater daily step counts and higher
lower-limb LBM. Likewise, Aoyagi et al. (2010) reported
beneficial effects of higher daily step counts on lower-limb
strength in older adults, noting apparent thresholds around
8,000 steps/day for men and 6,900 for women. These results
align with other research suggesting that achieving 7,000-
8,000 steps and/or 15-20 minutes of MVPA daily was ade-
quate for preventing sarcopenia in older men and women
(Figure 2) (Park et al., 2010).
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FIGURE 2. Daily step count and association with disease in younger and older adults

Several investigations suggest that substituting seden-
tary behaviour and low-intensity physical activity (PA), such
as walking, with moderate-to-vigorous physical activity
(MVPA) could represent a more effective strategy for pre-
venting the development of sarcopenia and sarcopenic obe-
sity (Hamer et al., 2014; Stamatakis et al., 2019; Yasunaga et
al., 2018). Specifically, displacing sedentary time with 15 or
60 minutes of daily MVPA has been shown to potentially re-
duce sarcopenia risk by approximately 15% and 50%, respec-
tively (Sanchez-Sanchez et al., 2019). Similarly, Ogawa and
colleagues (2011) determined in a study of 48 older women
that MVPA, unlike total daily steps, positively correlated with
leg lean body mass (LBM). An observational study by Scott
et al. (2021) involving 3,334 Swedish 70-year-olds reported a
strong association between greater volumes of MVPA and a
lower probability of sarcopenia, independent of MVPA bout
duration or time spent sedentary. In a follow-up study with
3,653 community-dwelling individuals, the same research
group demonstrated that high levels of MVPA and sedentary
time can coexist without increasing the likelihood of sarco-
penia (Johansson et al., 2021). Notably, this study also found
that low sedentary time combined with low MVPA was in-
sufficient to prevent sarcopenia onset. Conversely, Lai et al.
(2022), studying 199 overweight community residents, found
that replacing 30 minutes of sedentary time with MVPA
decreased fat mass (FM) and waist circumference while
maintaining skeletal muscle mass. However, research by
Mijnarends et al. (2016) over a 5-year period indicated that
while participating in at least 60 minutes of weekly MVPA
delayed sarcopenia onset in older individuals, it did not en-
tirely prevent it, highlighting the need for sufficient MVPA
duration.

Aggio and colleagues (2016) examined the links between
objectively assessed MVPA and indicators of sarcopenia and
sarcopenic obesity among 1,286 older men. This research
group observed a higher prevalence of sarcopenia among
participants engaging in 22-33 minutes of daily MVPA
compared to those undertaking 38-45 minutes per day.
Furthermore, the study highlighted an inverse relationship
between sarcopenia severity, assessed via upper arm circum-
ference, and the duration of MVPA. Indeed, the investiga-
tors reported that incorporating an additional 30 minutes of
daily MVPA nearly halved the risk of severe sarcopenia for
individuals in the lower MVPA category (Aggio et al., 2016).
A longitudinal study by Menai et al. (2017) including 3,749
adults aged 60-83 demonstrated that individuals classified
as 'successful agers' engaged in 8 minutes more daily MVPA
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than 'unhealthy agers'. Their research underscored that, rela-
tive to those performing less than 10 minutes of daily MVPA,
engaging in 10-20 minutes per day doubled the probability of
successful aging. Yet, increasing MVPA further to 20-30 min-
utes daily resulted in only an additional 38% rise in the likeli-
hood of successful aging, suggesting diminishing returns for
additional daily MVPA time.

Conclusion and Future Perspectives

The process of biological aging inherently involves a de-
cline in physiological functions, a trajectory often exacerbat-
ed by the absence of timely and targeted behavioural inter-
ventions capable of mitigating the onset and progression of
sarcopenia and sarcopenic obesity. Sufficient levels of physi-
cal activity (PA) have demonstrated efficacy in counteracting
the age-associated deterioration of body composition and
metabolic health. While combined resistance and endur-
ance training represents the principally recommended exer-
cise approach for older adults, long-term adherence to such
structured modalities remains challenging. Consequently,
for older individuals less inclined to commit to structured ex-
ercise regimens, pursuing daily step targets of approximately
8,000 for men and 6,900 for women may be a suitable recom-
mendation. If achieving these daily step counts proves dif-
ficult, incorporating additional minutes of moderate-to-vig-
orous physical activity (MVPA) could enhance health span,
particularly when baseline MVPA levels are low (e.g., under
10 minutes daily). Nonetheless, the potential for diminishing
returns with increasing daily MVPA duration exists, which
might deter participation due to perceived excessive time
and effort demands. Thus, advocating for approximately 30
minutes of daily MVPA could be a pragmatic and achievable
guideline for preserving muscle mass and limiting fat mass
(FM) accumulation in older adults for whom sustained ex-
ercise adherence is problematic. It is well-documented in
empirical research that seasonal variations and weather con-
ditions significantly influence PA levels, including MVPA.
PA participation typically decreases during snowy periods
and adverse weather conditions. Indeed, PA levels among
community-dwelling individuals can plummet by as much as
75% during snowy intervals (Hasegawa et al., 2019; Matthews
et al,, 2019). This reduction in PA may, in turn, contribute to
unintentional skeletal muscle loss and FM gain, potentially
accumulating year-on-year and fostering the development of
sarcopenia and sarcopenic obesity.

An area requiring further investigation involves explor-
ing the effects of varying PA levels and age-related alterations
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on the appetite-regulating signalling pathways. Observations
indicate that older adults generally exhibit lower energy con-
sumption and reduced intake of protein-dense foods. This di-
etary pattern could potentially worsen the known age-related
blunting of the muscle protein synthetic response to dietary
protein ingestion. Hence, future studies should focus on ex-
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