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ABSTRACT

Falls in the elderly are a major cause of injury resulting in disability and hospitalization. They have a significant impact on
both the individual (loss of quality of life, nursing home admissions) and society (healthcare costs). Even though falls in the
elderly are common, there are some well-studied risk factors for them. Muscle wasting and loss of bone mineral density
should be highlighted in particular. Frailty, a complex syndrome including, by definition, conditions such as osteoporosis,
sarcopenia, and metabolic diseases, is associated with a high risk of falls.

There are several well-evaluated fall prevention approaches that either target a single fall risk factor or focus on multiple risk
factors. It is known that physical exercise can play a key role not only in improving the functioning of patients suffering from
osteosarcopenia, but also in terms of modulating the composition of bone tissue and muscle mass.

In conclusion, the correlation between osteosarcopenia, frailty, and fall risk is well known, but future research and further
studies are necessary to fully understand the underlying mechanisms and optimize the therapeutic management.
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Introduction

Sarcopenia has been defined as an aging-related loss of
skeletal muscle mass (SMM) and strength. Several prospective
studies have reported that SMM decreases by 6% per decade
after mid-life V. Sarcopenia is thought to involve several patho-
physiological processes, such as denervation, mitochondrial
dysfunction, and inflammatory and hormonal changes that may
lead to adverse health outcomes including functional decline,
frailty, and falls . A fall is defined as an event that results in
a person coming to rest inadvertently on the ground, floor or a
lower level Pl. Falls are known to be multifactorial incidents
caused by a complex interaction of intrinsic problems, extrinsic
factors, and exposure to various risk factors . Falls happen
during different activities, and may occur when lying, sitting,
standing, walking, or running . They can lead to a high level
of disability in elderly people definable as frail. The prevalence
rates of falls in sarcopenic patients and their relationships with
the risk of fracture have actually been the subject of only a few
investigations. Thus, the aim of the present concise review was
to evaluate the correlation between sarcopenia, risk of falls,
and risk of fracture.

Sarcopenia and risk of falls

To date, literature has shown that sarcopenia is associated with
multiple adverse health outcomes, including falls, hospitali-
zation, functional decline, poor quality of life, and, in some
instances, mortality . This condition is frequent in elderly
people, who tend to lose muscle mass and strength, and are
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therefore at increased risk of falling. Several studies have re-
ported that 33% of people over 65 years of age fall each year,
and the rate of injuries caused by falls increases with age [,
Fall-related injuries negatively impact up to 50% of over-80s
1. These numbers should be considered worrying, constituting
a public health problem that deserves careful consideration 1.
A recent meta-analysis examining the association between sar-
copenia and falls among community-dwelling older adults or
older nursing home residents showed that the association of
sarcopenia with falls was statistically significant . Gait vari-
ability and impaired balance are both major fall risk factors ['
that, while considered separate clinical entities, are often inter-
twined and depend on several factors, making balance and gait
disorders heterogeneous and multifactorial . Thus, on the
basis of the assumption that muscle mass and muscle strength
are related to gait and balance, sarcopenia emerges as one of
the main risk factors for falls among older people ®.. Falls ulti-
mately lead to difficulties in self-care, declining functionality,
loss of quality of life, kinesiophobia, increased comorbidities
associated with immobility, fear of falling again, and decreased
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average life expectancy ['?. Several authors agree that falls in
the elderly have increased in the last 10 years [l Implementing
efficient strategies can reduce fall risk, fall-related injuries, and
related healthcare costs 4],

Sarcopenia and osteoporosis

Osteoporosis and sarcopenia are common age-associated dis-
eases that often coexist. In the context of an aging population,
the prevalence of both these conditions is expected to rise in
the future, increasing the risk of fragility fractures, which are
themselves associated with significant morbidity and mortality
U151 Hence, reduced independence seen in later life is associated
with both bone and muscle loss ['%). The mechanical interaction
between muscle and bone is described by the “mechanostat”
theory, which states that muscle imposes mechanical forces on
bone, and if these exceed a set threshold the bone turnover bal-
ance shifts away from bone resorption in favor of bone forma-
tion 7. As both bone and muscle mass are intrinsically linked
to the reduction in physical performance observed with aging,
this lends credence to the importance of mechanical loading
in the maintenance of the bone-muscle unit "8, A recent bi-
directional randomized controlled trial (RCT) concluded that
osteoporosis and sarcopenia might have a significant causal
effect on each other, identifying a significant positive causal
effect of femoral neck and lumbar spine bone mineral densi-
ty (BMD) on appendicular lean mass (ALM) and a significant
positive causal effect of ALM on lumbar spine BMD. On the
other hand, there was no evidence for a causal association be-
tween BMD and low grip strength. The molecular mechanisms
linking bone to muscle function, known as bone-muscle cross-
talk, are less well defined ["!. The hormones identified as play-
ing a key role in the development of osteosarcopenia include
growth hormone/insulin-like growth factor-1 (GH/IGF1) and
gonadal sex hormones ?°. Human muscle and bone cells both
express estrogen receptors, hence hormone replacement ther-
apy in post-menopausal women is able to preserve both bone
and muscle mass ?'1. Furthermore, early menopause without
treatment with exogenous estrogen is a strong risk factor for
future fragility fracture 2. The pathogenesis of male age-re-
lated osteoporosis and sarcopenia is less well characterized,
but it is thought that estrogens derived from the metabolism of
androgens play a role in preserving bone mass and that low tes-
tosterone results in reduced protein synthesis with subsequent
loss of muscle mass 1. Indeed, low testosterone levels in older
men are predictive of frailty and incident falls . From a clini-
cal perspective, the coexistence of sarcopenia and osteoporosis
has been associated cross-sectionally with depression, malnu-
trition, peptic ulcer disease, inflammatory arthritis, and reduced
mobility . In fact, several studies have demonstrated that in-
dividuals with both osteoporosis and sarcopenia are at higher
risk of falls, fractures and 1-year mortality after hip fractures
than those with osteoporosis or sarcopenia alone ¢,

Osteoporosis and risk of falls

Osteoporosis is characterized by an increase in osteoclast
function, which subsequently increases bone resorption, with
a corresponding decrease in bone formation 7). The most prev-
alent causes of osteoporosis are menopause and age, as the
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bone remodeling process is regulated by estrogen, parathyroid
hormone, inflammatory cytokines, and vitamin D ¥, Bone
is a plastic substance that undergoes continual remodeling in
response to both physiological and extracorporeal factors; in-
creased bone resorption and concomitant bone loss, regardless
of the underlying mechanisms *, constitute a complex patho-
physiology that can be influenced by genetic predisposition, as
well as pharmaceuticals (e.g., glucocorticoids), lifestyle, and
diet 031,

Increasing evidence indicates that bone metabolism influ-
ences fall risk and should be taken into account in efforts to
understand and treat osteoporosis. Recent studies suggest that
fall-related bone fractures are among the most important fac-
tors affecting morbidity and quality of life in osteoporotic pa-
tients ', Several fall risk factors have been defined, including
impaired walking, a sedentary lifestyle, vestibulopathy, bal-
ance dysfunction, increased postural oscillation, and decreased
muscle mass. According to research findings, fall risk reduction
is an essential component of both primary and secondary fra-
gility fracture prevention strategies 1**', which usually involve a
multidimensional approach, including calcium and vitamin D
supplementation, medication review, anti-osteoporotic drugs,
fall risk assessment, and exercise/rehabilitation **. Additional-
ly, multiple studies have demonstrated the efficacy of therapeu-
tic physical activity in reducing falls *>3¢. A recent meta-anal-
ysis of RCTs investigating moderate-intensity multicomponent
physical activity (aerobic, balance, and strength training) 3
times a week for 1 year or more reported significant fall risk
reductions: a 22% lower risk of falls and a 26% lower risk of
injurious falls. The risk of fractures was reduced by 16%, al-
though the significance of this finding is weakened by the small
number of fractures in the study (p = .05) &7\,

Fall risk and physical exercise

Physical exercise can contribute significantly to preventing and
treating various chronic conditions, including osteoporosis and
sarcopenia, playing a crucial role in reducing the risk of falls in
elderly people . Moreover, physical exercise has a significant
impact not only improving the functional activity of osteosarco-
penic patients, but also in terms of modulating the composition
of skeletal tissue and muscle mass *°!. Thus, it is recommended
by multiple guidelines as one of the primary therapeutic op-
tions for the management of this condition 1404142,

Recent research studies have shown that physical exercise
can modulate oxidative stress and inflammatory responses,
leading to enhanced metabolism and energy expenditure .
However, the existing literature on these topics is still debated
and therefore further observational studies are needed to de-
termine whether modulation of osteosarcopenia through thera-
peutic exercise can reduce the risk of falls in elderly people and
consequently improve patient functionality 4.

Future perspectives

The main challenges faced by clinicians in the area of osteo-
sarcopenia treatment and fall risk reduction are poor adherence
to multimodal treatment and the need to facilitate outcome
evaluation. Easier clinical monitoring is mandatory in order to
reduce the risk of fracture in elderly people, and it can include
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a variety of approaches including video consultations and fol-
low-up visits (i.e., telemedicine), remote patient monitoring
using electronic applications, patient education incorporating
distance learning to encourage self-management, and virtual
physician-physician consultations (i.e., eConsults) *!. The new
technology used in telehealth services can help the clinician in
this field #6I. Although the use of these services in the general
population has been facilitated by increasingly ubiquitous ac-
cess to technology, uptake of them has been slower in some
groups, including people aged 65 years and older, due to issues
such as lower digital literacy “7. In this context, technolog-
ical advances and digital solutions might offer a sustainable
means of improving the remote assessment of elderly patients,
overcoming barriers to in-person management and providing
alternatives to inpatient and outpatient supervised rehabilita-
tion #8491 Several studies have assessed the role of different
wearable and smart technology devices in patients undergoing
total joint replacement, suggesting that wearable technology
has promising implications for the remote measurement of
patients’ functional outcomes %!, The authors remarked that
studies in the literature are now focusing on accelerometer, gy-
roscope, and smartphone devices, with encouraging results in
terms of functional outcomes 5.

Conclusion

Taken together, the findings in the recent literature demon-
strate that there a close correlation between osteosarcopenia,
frailty, and fall risk. This nevertheless remains a hot research
topic that deserves attention, especially from a daily clinical
practice perspective. Further studies are mandatory to fully un-
derstand the therapeutic strategies possible in both osteosarco-
penia and fall prevention in elderly people, also in terms of new
technology applied in the context of rehabilitation programs.
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