
Preventing sarcopenia in older adults: the role of 
strength training

Abstract
The skeletal, striated muscles constitute approximately 42% of body mass in male subjects and 36% in fe-
male subjects. The process of ageing is associated with a decline in the mass of these muscles, resulting in 
impaired mobility and increased difficulty in performing daily activities. This phenomenon is particularly 
pronounced in the elderly population as it is closely related to the development of a progressive muscle 
disease, known as sarcopenia. Both resistance and endurance training can serve as effective tools for redu-
cing the likelihood of developing this disease, as well as for preventing its progression. It is essential that 
health and fitness professionals are aware of the therapeutic benefits of training in sarcopenia and should 
therefore encourage older adults to engage in physical activity.
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Introduction
As individuals age, their muscle mass undergoes 

constant changes. Initially, an increase in muscle 
mass is observed but it is followed by a subsequent 
gradual decrease from the third decade of life. The 
extent of this loss varies depending on the initial 
muscle weight and physical activity of the individu-
al. Together with physical inactivity, poor diet and 
chronic diseases frequently observed in elders, it 
leads to the onset of sarcopenia.

Sarcopenia is a progressive medical condition 
characterized by a systemic decline in skeletal musc-
le mass, function and strength that frequently occu-
rs at an accelerated rate in older individuals. It is 
associated with the development of numerous com-
plications, including osteoporosis, dyslipidaemia, 
increased cardiovascular risk, metabolic syndrome, 
and immunosuppression. Additionally, it is related 
to an elevated incidence of various adverse medi-
cal events, such as diminished locomotor perfor-
mance, amplified morbidity and mortality [1]. The 
most recent diagnostic criteria for sarcopenia were 
published by the European Working Group on Sar-
copenia in Older People (EWGSOP2). These guideli-
nes are based on a combination of low muscle mass, 
reduced muscle strength, and impaired physical 
performance, outlining an appropriate diagnostic 
pathway. The first clinical step is a screening as-
sessment conducted using the five-item sarcopenia 
screening questionnaire (SARC-F). In the event of 
a positive result, a functional assessment is perfor-
med as a second step. This is typically accomplished 
through the use of the five-times chair stand test or 
grip strength measurement. Achieving affirmative 
outcomes at this stage markedly increases the li-
kelihood of a sarcopenia diagnosis. The third step 
comprises an imaging examination of the quantity 
and/or quality of skeletal muscles using either MRI 
or CT, as these are considered the gold standard for 
diagnosing this condition. The fourth and final step 
involves measuring the severity of sarcopenia using 
one of four tests: gait speed assessment, the short 
physical performance battery test, the “get up and 
go” test or the 400-meter walk test. These analyses 
are essential for determining the appropriate tre-
atment intensity and evaluating the risk of adverse 
events related to this health impairment [2]. The 
phenomenon of sarcopenia primarily affects indi-
viduals aged 65 and above, with prevalence rates 
ranging widely from 9.25% to 18%. Furthermore, 
forecasts based on the Eurostat online database (co-
vering 28 European countries) clearly indicate that 
by 2045, the number of individuals affected by sar-
copenia in Europe will dramatically increase, ma-
king the consequences of this disease a substantial 
public health concern [3]. A variety of factors have 
been identified as contributing to the elevated risk 
of developing sarcopenia. These include: age, mari-
tal status (single, divorced, or widowed), disability 

in activities of daily living, weight deficiency, smo-
king, lack of physical activity, malnutrition or risk of 
malnutrition, long or short periods of sleep, living 
alone, diabetes, cognitive impairment, heart dise-
ase, respiratory diseases, osteopenia/osteoporosis, 
osteoarthritis, depression, falls, anorexia, and ana-
emia [4]. It is essential to highlight that sarcopenia 
significantly affects an individual’s health and ove-
rall well-being, as it is associated with an increased 
risk of falls, loss of independence and deterioration 
in quality of life [2,5].

In this article, we aim to provide comprehensive 
information on sarcopenia, focusing primarily on its 
risk factors and training strategies that can reduce 
the likelihood of developing this condition as well 
as prevent its progression.

Muscle structure changes in the ageing 
process

Skeletal muscles (Fig. 1) are of paramount im-
portance to the proper functioning of the human 
body. These muscles perform a variety of functions, 
including but not limited to generating force, main-
taining posture, and regulating movement [6]. No-
tably, the proportion of body weight accounted for 
by skeletal, transversely striated muscles is repor-
ted to be 42% in male subjects and approximately 
36% in female subjects [7]. It is evident that muscle 
tissue is closely connected to the nervous system. 
The nervous system exerts a significant influence 
on the activation and adaptation of muscle tissue in 
response to fluctuating physiological conditions [8]. 
It has been indicated that people over 60 years of 
age may experience a loss of up to 50% of alpha mo-
tor neurons, thereby reducing the number of motor 
units, negatively affecting motor coordination and 
also impairing the regenerative capacity of muscle 
fibres [9]. The proper functioning of muscles de-
pends upon several factors: anabolism, the equili-
brium between protein synthesis and degradation, 
and a sufficient blood supply.

Recent years have been marked by an ageing po-
pulation, a phenomenon that is projected to worsen 
in the coming years. According to the World Health 
Organization, the global population of individu-
als aged 65 and over is currently estimated at 830 
million [10]. As a result of aging a number of phy-
siological changes occur, including a gradual loss 
of muscle mass, a decrease in metabolic rate, a re-
duction in biosynthesis and mitochondrial function, 
and a concurrent increase in protein catabolism 
[11]. These processes have been associated with 
a more rapid loss of muscle mass parameters, par-
ticularly in skeletal muscles, therefore contributing 
to the development of sarcopenia [12]. A separate 
analysis of the studies by Fuchs CJ et al., Ham DW et 
al. and Mizuno T et al., revealed that the most signi-
ficant changes occur in the muscles of the thigh and 
gluteal region [13–15]. Of particular significance is 
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the decline in type II muscle fibres, also known as 
fast twitch muscle fibres, which are responsible for 
short, strong contractions. Their weakness has been 
associated with an increased risk of falls, as well as 
with difficulties in performing basic activities, such 
as rising from a seated position and maintaining 
balance, that can potentially lead to immobility 
[16,17]. Atrophy of this type of muscle fibre has 
been demonstrated to contribute to a slower reac-
tion time and a reduced ability for dynamic move-
ments. Furthermore, sarcopenia is accompanied by 
a decline in satellite cells, a group of skeletal muscle 
stem cells, that play a pivotal role in the growth and 
regeneration of damaged muscle fibres [18]. In ad-
dition, ageing has been associated with an increase 
in the proportion of type I fibres (slow-contractile), 
which are responsible for endurance activities. This 
phenomenon is caused by the trophic effect of the 
motor nerve on the muscle fibres, resulting in a de-
creased ability to generate force [12,19].

The aforementioned changes in muscle structure 
and function, occurring in the course of sarcopenia, 
have a negative effect on the independence of elder-
ly individuals, thereby reducing their quality of life. 
It is important that anatomists specializing in the 
human muscular system are aware of these facts, 
as they allow not only a comprehensive understan-
ding of the progression of sarcopenia, but also the 
development of more efficacious rehabilitation and 
prevention strategies for this condition.

The sarcopenia basics
The aetiology of sarcopenia may be related to 

natural mechanisms occurring as a consequence of 
the aging process itself or may be associated with 
the presence of other disease states, particularly 
those involving severe systemic inflammation. In 
light of this, a distinction is made between prima-
ry sarcopenia, characterized by a lack of identified 
causes, and secondary sarcopenia, which arises 

FIGURE 1 The structure of the normal human musculoskeletal system. Anatomical illustration showing the arrangement 
of skeletal muscles and bones in a healthy individual
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from a variety of known factors, including chronic 
disease, hormonal deficiency, malnutrition, lack of 
physical activity and the use of certain medications 
[2]. In its recommendations, the EWGSOP2 places 
particular emphasis on the importance of low musc-
le strength as the defining characteristic and key fe-
ature for the diagnosis of sarcopenia. The decline in 
muscle strength is observed from the age of 30 on-
wards. Therefore, thresholds have been established 
at which this decline is considered to be clinically 
significant. For men it equates to a grip strength of 
less than 26 kg, while for women it is less than 16 
kg [20]. As individuals age, there is a notable decli-
ne in physical activity and a concomitant reduction 
in protein intake. This, in combination with hormo-
nal changes, including a decrease in the secretion of 
growth hormone, testosterone, thyroid hormones 
and insulin-like growth factor 1 (IGF-1), leads to 
an imbalance between anabolic and catabolic pro-
cesses. Catabolic processes begin to dominate over 
anabolic ones, resulting in a loss of muscle mass 
and strength [21].

It is noteworthy that physical exercise has been 
observed to stimulate an increase in IGF-1, there-
by promoting muscle growth through its positive 
impact on protein synthesis. Furthermore, physical 
activity has been shown to suppress the secretion of 
pro-inflammatory cytokines, which are known to be 
responsible for protein degradation and mitochon-
drial turnover. Moreover, individuals diagnosed 
with sarcopenia have exhibited an elevated concen-
tration of reactive oxygen species that exert a de-
trimental effect on cells. These molecules originate 
from the mitochondria of cells that have undergone 
apoptosis [22]. The positive impact of activity on 
protein synthesis has prompted numerous studies 
to investigate the effect of resistance training on 
muscle growth and strength. The findings indicate 
that this approach can effectively promote muscle 
development and enhance strength, suggesting it 
as a promising strategy for both the prevention and 
treatment of sarcopenia [23].

Latest recommendations and training 
strategies for the prevention of sarcopenia

The fundamental methods of treating sarcope-
nia encompass exercise, appropriate physiotherapy 
and the implementation of a well-balanced diet. It 
should be noted that these strategies are only ca-
pable of preventing the progression of sarcopenia 
and alleviating its symptoms. In this article, we will 
focus on two types of exercise, namely endurance 
training (ET) and resistance training (RT).

ET such as walking, jogging, swimming, cycling, 
has been shown to be effective for preserving musc-
le mass and reducing the risk of developing sarcope-
nia among middle-aged and elderly individuals [24]. 
It is worth noting that ET has been demonstrated 
to enhance cardiovascular function and oxygen effi-

ciency, as well as cellular respiration (mitochondrial 
functions). Despite the fact that ET has been shown 
to exert a lesser effect on overall strength and muscle 
mass, it has been proven to increase the cross-sec-
tional area of muscle fibres [25,26]. In addition to 
the above, ET is also responsible for mitigating the 
effects of aging, including low-grade inflammation, 
reduced oxygen efficiency, and changes in connective 
tissue (vascular stiffness and fibrosis) [25].

RT, otherwise known as strength training, 
involves working the entire skeleton and muscles of 
the body by overcoming external resistance. RT is 
responsible for increasing the recruitment of satel-
lite cells, leading to muscle hypertrophy. The bene-
fits of these exercises are numerous and encompass 
improved bone mineral density, decreased haemo-
globin A1c (particularly beneficial for individuals 
with diabetes), reduced inflammation and even po-
tential improvements in cognitive function [20,27]. 
Zhao H et al., conducted a meta-analysis comprising 
13 randomized controlled trials with the objective 
of comparing the effects of RT with kettlebell or ru-
bber band training on grip strength, gait speed and 
skeletal muscle index in patients with sarcopenia. 
The authors of this research demonstrated that the 
respective training for the elderly is highly effective 
in enhancing muscle mass and quality, resulting in 
improved gait speed, static and dynamic balance, 
and thus reducing the risk of falls. Additionally, the 
researchers suggested that moderate-intensity RT 
involving elastic bands, performed over a 12-week 
period, three times a week for 40-60 minutes, may 
be the best training approach for older people [28]. 
Furthermore, a meta-analysis carried out by Chen N 
et al. indicated that RT has an effect on decreasing 
body fat mass in addition to the benefits previously 
discussed [29]. The efficacy of training in improving 
strength and muscle hypertrophy depends on the 
duration, frequency and intensity of the training re-
gimen. However, it should be noted that this process 
may be impeded in older adults due to the diminished 
adaptability of muscle fibres [25]. As demonstrated 
by Carneiro MAS et al., the use of RT in acutely hospi-
talized patients can be an effective method of achie-
ving improved muscle strength in both the upper and 
lower extremities, while also aiding in the mitigation 
and/or prevention of muscle loss [30]. In order to 
investigate the effect of RT on patients with sarcope-
nia, Hassan BH et al. conducted a study involving 42 
nursing care residents aged 85.9 ± 7.5 years. The par-
ticipants were randomly assigned to two groups: 20 
individuals underwent scheduled exercise, whereas 
21 constituted the control group that did not enga-
ge in any exercise. The researchers observed that the 
exercise group exhibited a notable enhancement in 
grip strength compared to the control group. Fur-
thermore, they suggested that RT improves neural 
and metabolic muscle fitness thereby reducing disa-
bility and the severity of sarcopenia [31].
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The current guidelines recommend combining 
both types of exercise due to their efficacy in impro-
ving neuromuscular and cardiovascular function, as 
well as functional abilities [20]. The frequency and 
intensity of RT and ET sessions can be gradually in-
creased and modified as progress is made, allowing 
for adaptation of the training to the growing abilities 
and needs of the exerciser [32]. To optimize gains in 
strength and muscle mass gains in older individu-
als, it is recommended that they engage in exercise 
at a frequency of 2-3 times per week. Training ses-
sions should consist of 2-3 sets, each with a range of 
6-12 repetitions with a load equal to 50-80% of one 
repetition maximum (1RM) per muscle group. Over 
the course of the training cycle, the weight should 
be progressively increased until it reaches 70-85% 
of the 1RM in order to maximize strength gains [20]. 
Individuals with no prior experience with exercise 
or those who are physically weak should initially 
engage in balance, flexibility and coordination exer-
cises, subsequently advancing to RT and strength 
training. The incorporation of balance training in 
this context has been observed to improve musc-
le strength and alignment, which may explain why 
addition of balance training to RT seems to provide 
greater benefits than RT alone [33]. The study by Qi 
M et al., examined the impact of integrating Tai Chi, 
classified as ET, with RT in adults aged 50 years and 
above. Participants engaged in a training regimen 
comprising 2 to 7,5 hours per week over a period of 
12 weeks to 12 months. The study showed signifi-
cant improvements in limb muscle strength, oxygen 
endurance, balance and mobility [34].

In summary, all forms of exercise have the poten-
tial to enhance physical functioning and reduce the 
incidence of falls and associated fractures in older 
adults, which can subsequently decrease healthcare 
costs. Therefore, it is crucial to investigate the most 
effective methods for encouraging physical activity 
and exercise among those at elevated risk of develo-
ping sarcopenia.

Conclusions
Muscle mass is an important factor in predicting 

the quality and rapidity of ageing. Furthermore, the 
loss of muscle mass has been demonstrated to be 
a reliable indicator of the onset of sarcopenia in 
subsequent years. Sarcopenia is set to affect an in-
creasing number of patients in the coming years, re-
presenting a significant public health concern. It is 
therefore vital to gain an understanding of the fac-
tors that can help to protect against it. As has been 
previously outlined, both RT and ET are fundamen-
tal in preventing the progression of this disease and 
alleviating its symptoms. It has been demonstrated 
that ET is effective in preventing muscle loss and 
reducing the risk of developing sarcopenia in mid-
dle-aged and elderly individuals. This is achieved by 
influencing a number of mechanisms, including car-

diovascular function, aerobic capacity, increasing 
the cross-sectional area of muscle fibres, improving 
mitochondrial metabolism, skeletal muscle oxida-
tive capacity, protecting neuromuscular junctions, 
and reducing inflammation. The positive effects of 
RT are manifold and include augmented bone mi-
neral density, diminished abdominal and visceral 
adipose tissue, a reduction in haemoglobin A1c, the 
reduction of inflammatory processes and an enhan-
cement in cognitive performance. Moreover, rese-
arch has shown that RT and ET can improve walking 
speed, static and dynamic balance, and reduce the 
risk of falls. It is also noteworthy that the stimula-
tion of IGF-1 by exercise has been demonstrated 
to facilitate muscle growth as a consequence of its 
favourable impact on protein synthesis. In conc-
lusion, maintaining an optimal physical condition is 
pivotal in both halting the advancement of the dise-
ase and alleviating its impact, while also minimizing 
the likelihood of falls, which represent a significant 
challenge for healthcare systems, particularly in the 
elderly.
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