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ABSTRACT

The aim of the review is to analyze the prevalence of sarcopenia in the elderly age 
group, the causes of its occurrence, and to present modern methods of prevention 
and physical rehabilitation.
The study focuses on the relationship between exercise, training effects and physi-
ological mechanisms, as well as the safety of various types of strength, anaerobic 
and multimodal training, which have a positive impact during the prevention and re-
habilitation treatment of sarcopenia. Literature reviews, meta-analyses, and origi-
nal studies are included that focus on older people in all settings, using validated 
assessment tools and methods. A literature search was conducted in four electronic 
databases – PubMed, Cochrane Library, Scopus, Springer, for the period from 2012 
to June 30, 2022. There were no restrictions on the language bias of the publication.
Search strategy. The keywords used to define the terms of participation in the re-
view are “older/advanced age”, “sarcopenia” and “sarcopenic obesity”.
Articles were included if they met the following criteria – cohorts with mean or median 
age ≥ 60 years and any of the following definitions of sarcopenia: European Working 
Group on Sarcopenia in the Elderly (EWGSOP), Asian Working Group on Sarcopenia 
(AWGS), International Working Group on Sarcopenia (IWGS). To ensure comparability 
of interventions, the review included studies that were conducted for at least 8 weeks, 
and the distribution of patients by study design was randomized. Also, articles involv-
ing hospitalized patients are excluded.
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РЕЗЮМЕ

Цель обзора – проанализировать распространённость саркопении в пожи-
лой возрастной группе, причины её возникновения, представить современ-
ные методы профилактики и физической реабилитации.
Исследование сосредоточено на взаимосвязи между физической нагрузкой, 
тренировочными эффектами и физиологическими механизмами, а также 
на безопасности различных видов силовых, анаэробных и мультимодаль-
ных тренировок, которые оказывают положительное влияние во время 
профилактики и восстановительного лечения при саркопении. Включены 
обзоры литературы, метаанализы и оригинальные исследования, которые 
акцентированы на людях пожилого возраста в любых условиях проживания, 
с применением проверенных инструментов и методов оценки. Был проведён 
поиск литературы в четырёх электронных базах данных (PubMed, Cochrane 
Library, Scopus, Springer) за период c 2012 г. по 30 июня 2022 г. Ограничений 
на языковой уклон публикации введено не было.
Стратегия поиска. Ключевые слова, используемые для определения условий 
участия в обзоре: «пожилой/преклонный возраст», «саркопения» и саркопе-
ническое ожирение».
Статьи включались, если они соответствовали следующим критериям – 
когорты со средним или медианным возрастом ≥ 60 лет и любым из следу-
ющих определений саркопении: Европейская рабочая группа по саркопении у 
пожилых людей (EWGSOP), Азиатская рабочая группа по саркопении (AWGS), 
Международная рабочая группа по саркопении (IWGS). Для обеспечения 
сопоставимости вмешательств в обзор включены исследования, которые 
осуществлялись не менее 8 недель, а распределение пациентов по дизайну 
исследования было рандомизированным. Также, исключены статьи с уча-
стием госпитализированных пациентов.

Ключевые слова: саркопения, физическая активность, реабилитация, 
саркопеническое ожирение, пожилой возраст, тренировки с отягощением, 
аэробные тренировки, лечебная физкультура, обзор литературы

Для цитирования: Плещёв И.Е., Ачкасов Е.Е., Николенко В.Н., Шкребко А.Н., Ивано-
ва И.В. Роль и специфика физических нагрузок при саркопении у пожилых людей. 
Acta biomedica scientifica. 2023; 8(2): 80-92. doi: 10.29413/ABS.2023-8.2.8
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Significant increases in life expectancy and declining 
birth rates are increasing the number of older and senile 
people worldwide. Due to declining functional capacity, 
health and well-being of older adults is a major focus of ag-
ing-related studies [1].

Sarcopenia is a geriatric disease with progressive loss 
of skeletal muscle mass and function [2], first described 
by Rosenberg [3]. In September 2016, sarcopenia entered 
the International Classification of Diseases, 10th Revision 
(ICD-10), under the code M62.84. This term has not yet been 
added to the 2019 ICD-11. Sarcopenia is one of the major 
health problems among older people and increases the risk 
of disability, falls, and injuries associated with falls, hospi-
talization, limitation of  independence and mortality. Risk 
factors for sarcopenia include age, gender, physical activi-
ty level and chronic diseases [4]. Currently, there are sever-
al definitions of sarcopenia with no consensus, so its prev-
alence can vary greatly depending on the population sur-
veyed (differences in gender, age, ethnicity), living condi-
tions (hospitalization, senior centers), methods and assess-
ment tools [5]. Although there are controversial opinions 
about sarcopenia, muscle strength, mass and physical func-
tioning are its main diagnostic indicators [6, 7]. In particular, 
Japanese doctors estimate that the number of people aged 
65 years and older has increased to 28.4 % in 2019, the high-
est in the world [1]. The number of people with sarcope-
nia in Izmir (Turkey) aged over 65 years is 5.2 % [8], in Bra-
zil it is 4.5 % [9]. In China (PRC), it is 12.3 % among males 
and 7.6 % among females. In South Korea, the rate was 6.3–
21.8 % among males and 4.10–22.1 % among females [10]. 
In Russia, the prevalence of sarcopenia reaches 22.1 % [11].

Research on sarcopenia has made little progress over 
a  long period of time. Only in 2010 a clinical definition 
of sarcopenia was proposed for the first time by the Eu-
ropean Working Group on  Sarcopenia in Older People 
(EWGSOP) [2]. The diagnosis of sarcopenia required a de-
crease in both mass and function of human skeletal mus-
cle (muscle strength and/or performance). In 2011 [12], 
the International Working Group for Sarcopenia (IWGS) 
presented a  similar definition of  sarcopenia, focusing 
on the assessment of physical function, including the abil-
ity to get up from a chair or a pace test. In 2014 [10], Asian 
Working Group for  Sarcopenia (AWGS) and Foundation 
for  the  National Institutes of  Health (FNIH) also present-
ed their expert opinion on sarcopenia. In 2018, EWGSOP, 
based on the results of fundamental and clinical stud-
ies of sarcopenia in recent years, held a second meeting 
and updated its consensus [13]. The categories of sarco-
penia have remained unchanged: “primary” (or age-re-
lated) when no other specific cause is apparent, and “sec-
ondary” when causative factors other than aging (or in ad-
dition to  aging) are  evident. EWGSOP2 defines sarcope-
nia as a muscle disease (muscle failure) with low muscle 
strength supplanting the role of low muscle mass as the pri-
mary factor. Moreover, EWGSOP2 has recently defined sub-
categories of sarcopenia: acute and chronic. Acute sarcope-
nia lasts less than 6 months, and chronic sarcopenia lasts 
more than six months. AWGS also updated its consensus 
on sarcopenia in  2019 [14]. The definition of sarcopenia 

given by EWGSOP2 is now more widely used in both prac-
tical clinical work and research area.

Currently, there is still a debate among scientists 
due to the lack of an unambiguous decision about primary 
(age-related) sarcopenia; whether it is a disease or a variant 
of the norm that goes alongside the aging process [4, 6, 10].

Sarcopenia is a multifactorial disease [13], with the main 
factors identified being low physical activity level, sedentary 
lifestyle, nutritional disorders and comorbidities that often 
accompany aging and act as preconditions for sarcopenia, 
senile asthenia, obesity and chronic diseases [15], contribut-
ing to decreased muscle mass, reduced calorie and protein 
intake, altered muscle metabolism, oxidative stress and de-
generation of neuromuscular junctions [16].

Sarcopenia is one of the leading causes of disability 
among older people. Approximately 50 % of skeletal mus-
cle mass (1–2 % of muscle mass per year) is lost between 
the ages of 50 and 80 [10, 13]. In other words, sarcopenia 
is one of the most important factors reducing the quality 
of life of the older adults and is associated with morbidity 
and mortality.

RESISTANCE TRAINING

Current clinical guidelines include resistance training 
(RT) as a primary treatment strategy for sarcopenia [17]. Dur-
ing RT, patients exercise with gradually increasing resistance 
using weight-bearing training, free weights and bodyweight 
exercises [18]. RT programs improve muscle strength, mass 
and physical performance of older people [19]. It is proved 
that resistance training as a recognized treatment for mus-
cle atrophy has been shown to reduce hospital stay by in-
creasing indicators of hand grip strength test and muscle 
cross-sectional area among older adults [20]. Although ex-
ercise cannot completely prevent neuromuscular aging, re-
sistance training has great potential to mitigate age-related 
changes [21]. But despite this, RT programs are not usual-
ly used in clinical practice for the rehabilitation of patients 
with sarcopenia [22].

Exercise programs that have attracted the attention 
of specialists as a measure to combat sarcopenia are com-
mon (Table 1). Their safety and positive results for the treat-
ment of this condition among older people have been stud-
ied.

It is clear that high-load resistance training (H-RT) 
induces muscle hypertrophy among older adults [23], 
but, due  to comorbidities such as musculoskeletal disor-
ders, coronary artery disease and diabetes, it should be per-
formed with caution and under constant medical super-
vision [24]. Moreover, H-RT is known to cause joint pain 
due to high loads, in which case low- and moderate-load 
resistance training is recommended to the patient [1].

Therefore, although this type of resistance training 
is an effective method of sarcopenia prevention, the number 
of older people who will be able to perform is very limited.

M-RT (moderate-load resistance training) is usually dis-
tinguished from H-RT by a lighter weight (up to 75 % of 1RM) 
and identical frequency of exercise [25]. For example, Wake 
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Forest University conducted a 10week experiment on par-
ticipants aged ≥ 60 years with alternating exercise intensi-
ty ranging from 50–75 % of 1RM for 10 weeks and found 
consistent increases in muscle volume, strength and en-
durance among most participants regardless of gender 
[26]. A study conducted by K.S. Vasconcelos et al. (Brazil), 
involving 31 women aged 65 to 80 with sarcopenic obe-
sity (bidirectional pathogenic interaction between viscer-
al fat accumulation in the body and loss of skeletal muscle 
mass, strength and function), proved a statistically signifi-
cant increase in knee extensor muscle strength and quadri-
ceps femoris muscle strength after a 10-week resistance 
training programme with 60-minute sessions twice a week, 
but, according to the authors, the effectiveness of the train-
ing for muscle mass gain was insignificant [27].

As a practical application, it is suggested that resistance 
training among older and frailer individuals should be start-
ed by performing 8–10 repetitions in a series with a weight 
with which they could perform at least 20  maximal rep-
etitions, and no more than 4–6  repetitions in a series 
with a weight that would allow them to perform 15 repe-
titions [21]. Since sarcopenia affects muscles throughout 
the body [13], it is recommended to perform comprehen-
sive exercises involving all muscle groups [18].

There is currently much scientific evidence that low-
load resistance training with blood flow restriction 
by an elastic designed cuff belt (L-BFR), also known as Kaat-
su training [28, 29], is used as a countermeasure against 
sarcopenia among older adults [28, 29]. Reviews focusing 
on older adults have reported that L-BFR can induce simi-
lar muscle mass gains compared to H-RT, but has less effect 

on muscle strength [30]. A study on L-BFR safety was con-
ducted at Seirei Christopher University (Japan), and symp-
toms of subcutaneous bleeding, numbness and dizziness 
among subjects were  decribed, but no serious abnor-
malities were detected [28]. Despite the favorable effects 
of the training on skeletal muscle, there are some serious 
concerns about performing L-BFR for treating individuals 
with cardiovascular and endocrine diseases [31]. It is rec-
ommended to use L-BFR according to current guidelines 
and under regular medical supervision [32, 33].

This method may be quite effective in preventing sarco-
penia among older adults who can only perform low-load 
strength training due to health-related reasons.

Low- or moderate-load resistance training without 
blood flow restriction (L-ST) is a popular exercise technique. 
It is characterized by a relatively slow movement that re-
stricts muscle blood flow and creates a tonic force (3 sec-
onds in a downward or upward movement without relax-
ation or pause). During the training, intramuscular pres-
sure of upper and lower limb muscles increases, inhibiting 
both blood flow and outflow from the muscle [34]. A sus-
tained increase in strength at a maximal load of 40–50 % 
of 1RM has been proven [35, 36]. Moreover, L-ST (knee ex-
tension, 30 % of 1RM, twice a week for 12 weeks) resulted 
in increased quadriceps muscle strength and hypertrophy 
among older people, increasing muscle strength and mus-
cle size not only among young but also among older peo-
ple [35]. Also, S. Usui et al. found that L-ST inreased mus-
cular strength and skeletal muscle mass, but had very lit-
tle effect on energy production during dynamic explosive 
exercise [37].

T A B L E  1
CHARACTERISTICS OF EACH TYPE OF STRENTH TRAINING FOR INCREASING SKELETAL MUSCLE MASS IN THE ELDERLY

Resistance 
training

Training features

Resistance, % of 1RM Exercises per week Sets and repetitions Author, publication year

H-RT 70–85 % of 1 RM 2–3 1–3 × 8–15 Fragala M.S. et al. (2019)

L-BFR 10–50 % of 1 RM 2–3 1–4 × 15–30

Thiebaud R.S. et al. (2013)
Yasuda T. et al. (2017)
Cook S.B. et al. (2017)
Centner C. et al. (2019)
Rodrigo-Mallorca D. et al. (2021)

L-ST 30–50 % of 1 RM 2–7 1–3 × 5–15
Watanabe Y. et al. (2014)
Kanda K. et al. (2018)
Takenami E. et al. (2019)

L-FAIL 20 % of 1 RM 3 1 × 80–100 Van Roie E. et al. (2013)

M-RT 50–75 % of 1 RM 2–4 3 × 8–12 Michel J.M. et al. (2022)
Vasconcelos K.S. et al. (2016)

Note. 1RM – one-repetition maximum; H-RT – high-load resistance training; L-BFR – low-load resistance training with blood flow restriction by an elastic designed cuff belt; L-FAIL – low-load resistance exercise 
to volitional fatigue; L-ST – low- or moderate-load resistance training without blood flow restriction; RT-ML – moderate-load resistance training.
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Thus, L-ST is an accessible alternative as well as an ef-
fective way for older people to increase muscle size 
and strength.

Low-load resistance exercise to volitional fatigue  
(L-FAIL) is very similar to L-ST in terms of technique and max-
imum weight capacity. In case of L-FAIL, the training ap-
proach is completed only after the person cannot technically 
correctly lift a weight that is 20–30 % of 1RM [38]. This tech-
nique is also called “training to failure”.

Similar to the observations of L-BFR, stimulation of mus-
cle protein synthesis by L-FAIL will occur independently 
of exercise, as long as resistance exercise was performed 
before volitional fatigue [39]. R. Ogasawara et  al. report-
ed in their study that L-FAIL induces muscle gain compara-
ble to that induced by normal H-RT among healthy young 
adults [40].

Most studies on L-FAIL involved young and middle-
aged people. Studies involving older people are very lim-
ited. In their study, E. Van Roie et al. conducted training 
with older adults and found that L-FAIL (20  % of  1RM, 
80–100  repetitions, one set) causes muscle hypertro-
phy comparable to  H-RT (80  % of 1RM, 10–15  repeti-
tions, two sets) [41]. A more recent study involving 56 old-
er adults (68.0 ± 5.0 years) assigned to leg press exercis-
es with different loads (80 %, 40 % and 20 % of 1RM) con-
ducted by E. Van Roie et al. proved that muscle volume re-
turns to baseline after 24 weeks of detraining regardless 
of the loads in the exercise [42].

No results of studies on the effects of L-ST and L-FAIL 
on the risk of falls or osteoarthritis exacerbation among old-
er adults were found. Safety and side effects of these exer-
cise methods are poorly understood.

L-FAIL-based training methods involve a higher num-
ber of repetitions and require a high level of motivation 
over a longer period of time than other training programs.

AEROBIC TRAINING

Aerobic (cardio) training increases aerobic endurance, 
reduces systolic and pulse blood pressure and blood li-
pid levels [43], resulting in increased cardiovascular endur-
ance [44] and is another important form of physical activ-
ity (Table 2).

M.P. Harber et al. found in their study that aerobic train-
ing during 12 weeks of bicycle ergometer induced skeletal 
muscle hypertrophy and age-related adaptation of myofi-
bril function among older men (mean age 74.3 years). Post-
exercise aerobic capacity was 13.3 % higher and quadriceps 
muscle volume determined by MRI has increased by 6.1 % 
(p < 0.05) [45]. Also, at the University of Thessaly (Greece) 
Z. Bori et al. concluded that 12 weeks of aerobic exercise 
have an effect on the enhancement of mitochondrial bio-
genesis, i.e. the number of mitochondrial copies in skele-
tal muscle cells increases to ensure the production of more 
ATP against the background of increased tissue energy de-
mand during exercise among older people [46].

L.F.  Ferreira et  al. in their study (115  women aged 
60 years and older) concluded that aerobic training does 
not have any statistically significant effect, unlike weight 
training [47]. On the other hand, a study by N.T.  Chen 
et  al. conducted at Taipei Medical University (Taiwan) 
proved an increase in muscle mass and a decrease in to-
tal fat mass among patients with sarcopenia aged 65–
75 years after a course of aerobic training, but it was also 
confirmed that the effect of the training in the group en-
gaged in a strength protocol was statistically significant-
ly higher [48].

T. Morat et al. studied the effect of Nordic walking on old-
er men and women. As a result, cholesterol levels decreased 
by 12 %, endurance and speed of overcoming distance in-
creased (week 1 – 5.45 km/h, week 12 – 6.51 km/h) [49].

T A B L E  2
THE EFFECT OF AEROBIC EXERCISE ON THE ELDERLY

Gender Age Training protocol Result Author,  
publication year

Male/female 74 ± 3 Bicycle ergometer, 20–45 min,  
3–4 days per week, 12 weeks

↑ muscle size
↑ endurance
↑ MB

Harber M.P. et al. (2012)
Bori Z. et al. (2012)

Male/female 65–75 Dance, 60 min,  
2–3 days a week, 8 weeks

↑ muscle size
↑ spinal extensor muscle strength

Chen H.T. et al. (2017)

Male/female ≤ 65 Aerobic exercise, 60 min,  
3 times a week, 26 weeks

↓ body fat mass
↑ PP
= strength

Villareal D.T. et al. (2017)

Male/female 69.9 ± 5 Nordic walking, 60 min,  
twice a week, 12 weeks

↑ endurance
↓ body fat mass

Morat T. et al. (2017)

Note. ↑ – increase; ↓ – decrease; «=» – no changes; PP – physical performance; MB – mitochondrial biogenesis.



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

85
Internal diseases

When properly approached, aerobic exercises improve 
muscle hypertrophy and strength among older people.

MULTIMODAL TRAINING

Currently, preference is given to complex, multimod-
al (combined) forms of exercise. This is because standard 
forms of physical therapy do not meet the criteria for ther-
apeutic exercise for age-related sarcopenia treatment [50]. 
Multimodal exercise includes a combination of resistance 
training, cycling, aerobic training, balance training and oth-
er activities (Table 3). Furthermore, in addition to this effect, 
the combination of aerobic and resistance training can also 
promote fat mass loss, which is of great importance for sar-
copenic obesity treatment [51].

There is no general opinion yet on the duration and fre-
quency of multimodal exercises for older adults. If L.Y. Zhu 
et al. [52] used protocols of 40–50 minutes 3 times a week, 
L.Z. Wang et al. believe that 20 minutes 2 times a week is suf-
ficient to obtain a positive effect [53].

D.T. Villareal et al. compared strength, aerobic and com-
bined training in their study (160 participants, ≤ 65 years) 
and concluded that maximal strength increased statisti-
cally significantly in the resistance and combined groups 
(19 and 18 %, respectively; aerobic – 4 %). The time required 
to complete the obstacle course decreased more in the com-

bined group than in the aerobic group (13 and 7 %, respec-
tively). Gait speed increased more in the combined group 
(by 14 %) than in the aerobic group (by 9 %) [45].

Y.Q. Zhu et al. in their parallel study [54] used tai chi ex-
ercises and HIIT, proving the benefits of this method for old-
er people with sarcopenia (2.4 ± 0.43 % increase in hand 
grip strength, 15.0 ± 3.2 % increase in quadriceps muscle 
strength). M.Y. Lee et al. reported that 12 weeks of combined 
training (resistance training and active recovery) improved 
walking and balance skills as well as isokinetic muscle con-
traction [55]. Many experts found important effects of multi-
modal programs on all indicators of sarcopenia among old-
er people [56], focusing on sustained increases in muscle 
strength and physical performance [57–59].

There are many studies on high levels of performance 
following sessions of high-intensity interval training (HIIT), 
which provides intense cycles alternating with periods 
of low intensity for rehabilitation, providing physiological 
effects in less time, in contrast to normal training [60]. Ac-
cording to studies, HIIT showed similar or even higher ef-
fects compared to aerobic exercise in  improving muscle 
strength, enhancing physical performance and increasing 
muscle mass among older adults [61].

The results of studies related to the benefits of HIIT 
for patients with sarcopenia are relatively recent. For ex-
ample, at Shiraz University (Iran), Z. Hooshmandi et al. con-
ducted a study on older women with sarcopenia using a HIIT 

T A B L E  3
VARIETIES OF MULTIMODAL SETS OF EXERCISES

Training 
method

Duration and frequency  
of training per week Result Author,  

publication year

AE + RT 20–50 min, 3–7 times a week, 3–6 months
↑ lean body mass
↓ body mass
↓ SPPB

Gudlaugsson J. et al. (2013)
Jung W.S. et al. (2019)
Zhu L.Y. et al. (2019)

RT + AR 80 min (RT – 20 min, AR – 60 min),  
3 times a week, 12 weeks

↑ SPPB
↑ endurance

Li et al. (2020)

AE + RT + FT 60 min, week 1–8 – 3 times a week,  
week 9–24 – twice a week

↑ SPPB
↑ gait speed
↑ lean body mass

Liu C.K. et al. (2014)

RT + BCE 50–60 min, twice a week, 12 weeks
↑ muscle mass
↑ gait speed
↑ strength

Kim H. et al. (2013)

Tai chi + PE 20 min, 5 times a week, 8 weeks ↑ muscle mass
↑ hand grip strength

Zhu Y.Q. et al. (2019)

HIIT 5–10 min, 3 times a week, 2–4 months ↑ strength
↑ endurance

Hooshmandi Z. et al. (2021)

Note. ↑ – increase; ↓ – decrease; AE – aerobic exercise; RT – resistance training; AR – active recovery; FT – flexibility training; BCE – balance and coordination exercises; PE – passive exercises; SPPB – series of physical 
performance tests; HIIT – high-intensity interval training.
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protocol. The study showed a significant decrease in body 
fat percentage, increase in hand grip strength and appen-
dicular skeletal muscle mass (p < 0.001) in the experimen-
tal group compared to the control group [62]. In their pub-
lications, G. Panayiotou et al. reported that after two ses-
sions of HIIT older people can perform various physical 
and even high-intensity exercises without prolonged adap-
tation and negative effects on muscle function [63]. The re-
sult is of great importance because these exercises may in-
duce health-promoting effects that can improve quality 
of life of older adults.

Therefore, HIIT might become a promising method 
in combating age-related loss of muscle mass and function. 
However, it is worth noting that the benefit of HIIT for pa-
tients with sarcopenia is not yet fully studied, due to high-
intensity exercises and questionable safety.

Multimodal training is an effective method of treatment 
for age-related sarcopenia. It combines different types of ex-
ercises and allows the individual characteristics of a particu-
lar person to be taken into account.

PASSIVE EXERCISES

The use of passive exercise is justified when patients 
with sarcopenia are unable to exercise. Whole-body vibra-
tion (WBV) for older adults has been shown to significant-
ly improve various physical indicators including isomet-
ric leg strength, dynamic knee strength, number of repeti-
tions in a squat and jump height [64]. Improvement in isoki-
netic testing performance among older adults during knee 
extension is achieved at an average frequency of 40  Hz 
for 360 seconds [65]. In addition, a 12-week course of WBV 
for older adults with sarcopenia aged ≥ 65 years (3 times 
a week for 60 seconds, 10 repetitions) can improve skeletal 
muscle mass, physical fitness and quality of life [66].

WBV may be a promising treatment to improve muscle 
strength, physical performance and skeletal muscle mass in-
dex among older people with sarcopenia [66]. However, af-
ter conducting a meta-analysis (7 studies, 223 participants) 
S. Wu et al. (China) believe that long-term course of WBV 
is not recommended because side effects such as premature 
wear-and-tear degeneration of tissues that  form the ver-
tebral articulations may occur, and the fact that the  in-
crease in serum testosterone and growth hormone levels 
does not have a firm evidence. The authors insist that more 
thorough studies with a larger sample size are needed to fur-
ther investigate and confirm the benefits of WBV for older 
and senile people [67].

The results of literature reviews can also be contradicto-
ry. For example, L. Vlietstra et al. [68] found that older peo-
ple with sarcopenia can significantly improve muscle mass 
with exercise, while W. Bao et al. [69] did not reach this con-
clusion in their study.

Sarcopenia is a disease that affects almost exclusively 
the older population and does not discriminate on the basis 
of gender, as men and women are equally affected. The ob-
tained data suggest that exercise is significant for treatment 
and prevention of sarcopenia, effectively improving mus-

cle function and physical performance of older adults [4, 
14]. It is strongly recommended to exercise in groups, un-
der the constant supervision of a specialist and/or health 
care professional. This is especially important during high-
load and high-intensity resistance training and intensity, 
due to frequent chronic diseases and comorbid conditions 
among older and senile people [13, 70].

CONCLUSION

An increasing number of scientists realize the clini-
cal importance of sarcopenia. Despite impressive advanc-
es in science and technology, effective treatments for sar-
copenia are still unavailable, and the pathophysiological 
specificity of age-related loss of muscle mass is still be-
ing studied.

Nowadays, given the results of many studies and the fact 
that with proper medical supervision and self-monitoring, 
physical activity can be practiced throughout life. Lo/mod-
erate-intensity resistance training and multimodal (com-
plex) training are seen as a particularly effective counter-
measure against sarcopenia.

Based on the results of the studies presented, it is im-
portant to determine the training method that is appro-
priate for  the individual and prevent sarcopenia as early 
as possible.

Conflict of interest
The authors of this article declare the absence of a con-

flict of interest.

Acknowledgements
The authors would like to express their gratitude 

and deep appreciation to Ekaterina B. Kuznetsova (Depart-
ment of Foreign Languages, Yaroslavl State Medical Uni-
versity of the Ministry of Health of Russia) for her assistance 
in translating the metadata of the article.

REFERENCES

1. Yasuda T. Selected methods of resistance training for pre-
vention and treatment of sarcopenia. Cells. 2022; 11(9): 1389. 
doi: 10.3390/cells11091389

2. Traub J, Bergheim I, Eibisberger M, Stadlbauer V. Sarcopenia 
and liver cirrhosis-comparison of the European Working Group 
on Sarcopenia Criteria 2010 and 2019. Nutrients. 2020; 12(2): 547. 
doi: 10.3390/nu12020547

3. Williams  GR, Rier  HN, McDonald  A, Shachar  SS. Sarco-
penia and aging in cancer. J Geriatr Oncol. 2019; 10(3): 374-377. 
doi: 10.1016/j.jgo.2018.10.009

4. Yedigaryan L, Gatti M, Marini V, Maraldi T, Sampaolesi M. 
Shared and divergent epigenetic mechanisms in cachexia and sar-
copenia. Cells. 2022; 11(15): 2293. doi: 10.3390/cells11152293

5. Beaudart C, McCloskey E, Bruyère O, Cesari M, Rolland Y, 
Rizzoli R, et al. Sarcopenia in daily practice: Assessment and man-
agement. BMC geriatrics. 2016; 16(1): 170. doi:  10.1186/s12877-
016-0349-4



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

87
Internal diseases

6. Saeki C, Takano K, Oikawa T, Aoki Y, Kanai T, Takakura K, 
et al. Comparative assessment of sarcopenia using the JSH, AWGS, 
and EWGSOP2 criteria and the relationship between sarcopenia, 
osteoporosis, and osteosarcopenia in patients with liver cirrho-
sis. BMC musculoskeletal disorders. 2019; 20(1): 615. doi: 10.1186/
s12891-019-2983-4

7. Pleshchev  IE, Achkasov EE, Nikolenko VN, Shkrebko AN. 
Sarcopenia: Modern approaches to diagnostics and rehabilitation. 
Modern Problems of Science and Education. 2022; 1: 66. (In Russ.). 
doi: 10.17513/spno.31443

8. Simsek H, Meseri R, Sahin S, Kilavuz A, Bicakli DH, Uyar M, 
et al. Prevalence of sarcopenia and related factors in community-
dwelling elderly individuals. Saudi Med  J. 2019; 40(6): 568-574. 
doi: 10.15537/smj.2019.6.23917

9. Alexandre T, Duarte Y, Santos  J, Lebrão  ML. Prevalence 
and associated factors of sarcopenia, dynapenia, and sarcodynap-
enia in community-dwelling elderly in São Paulo – SABE Study. 
Rev Bras Epidemiol. 2019; 21(02): e180009. doi:  10.1590/1980-
549720180009.supl.2

10. Chen  LK, Liu  LK, Woo  J, Assantachai  P, Auyeung TW, 
Bahyah KS, et al. Sarcopenia in Asia: Consensus report of the Asian 
Working Group for Sarcopenia. J Am Med Dir Assoc. 2014; 15(2): 
95-101. doi: 10.1016/j.jamda.2013.11.025

11. Bocharova KA, Rukavishnikova SA, Osipov KV, Shadrin KA, 
Odegnal AA, Kurnosenko VJu. Sarcopenia in the long-term care 
system. Current Problems of Health Care and Medical Statistics. 2021; 
2: 12-26. (In Russ.). doi: 10.24412/2312-2935-2021-2-12-26

12. Cruz-Jentoft AJ, Landi F, Schneider SM, Zúñiga C, Arai H, 
Boirie Y, et  al. Prevalence of and interventions for sarcopenia 
in ageing adults: A systematic review. Report of the International 
Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 2014; 43(6): 
748-759. doi: 10.1093/ageing/afu115

13. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Ce-
derholm T, et al. Sarcopenia: Revised European consensus on defi-
nition and diagnosis. Age Ageing. 2019; 48(4): 601. doi: 10.1093/
ageing/afz046

14. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, 
Iijima K, et al. Asian Working Group for Sarcopenia: 2019 consensus 
update on sarcopenia diagnosis and treatment. J Am Med Dir As-
soc. 2020; 21(3): 300e2-307.e2. doi: 10.1016/j.jamda.2019.12.012

15. Dent E, Morley JE, Cruz-Jentoft AJ, Woodhouse L, Rodríguez-
Mañas L, Fried LP, et al. Physical frailty: ICFSR International Clinical 
Practice Guidelines for identification and management. J Nutr Health 
Aging. 2019; 23(9): 771-787. doi: 10.1007/s12603-019-1273-z

16. Tournadre A, Vial G, Capel F, Soubrier M, Boirie Y. Sarcopenia. 
Joint Bone Spine. 2019; 86(3): 309-314. doi: 10.1016/j.jbspin.2018.08.001

17. Hurst C, Robinson SM, Witham MD, Dodds RM, Granic A, 
Buckland C, et al. Resistance exercise as a treatment for sarcope-
nia: Prescription and delivery. Age Ageing. 2022; 51(2): afac003. 
doi: 10.1093/ageing/afac003

18. Dent E, Morley JE, Cruz-Jentoft AJ, Arai H, Kritchevsky SB, 
Guralnik J, et al. International Clinical Practice Guidelines for Sarco-
penia (ICFSR): Screening, diagnosis and management. J Nutr Health 
Aging. 2018; 22(10): 1148-1161. doi: 10.1007/s12603-018-1139-9

19. Grgic  J, Garofolini  A, Orazem  J, Sabol  F, Schoenfeld  BJ, 
Pedisic Z. Effects of resistance training on muscle size and strength 
in very elderly adults: A systematic review and meta-analysis of ran-
domized controlled trials. Sports Med. 2020; 50(11): 1983-1999. 
doi: 10.1007/s40279-020-01331-7

20. Papadopoulou  SK. Sarcopenia: A  contemporary health 
problem among older adult populations. Nutrients. 2020; 12(5): 
1293. doi: 10.3390/nu12051293

21. Borde R, Hortobágyi T, Granacher U. Dose-response rela-
tionships of resistance training in healthy old adults: A systematic 
review and meta-analysis. Sports Med. 2015; 45(12): 1693-1720. 
doi: 10.1007/s40279-015-0385-9

22. Offord  NJ, Clegg  A, Turner  G, Dodds  RM, Sayer  AA, 
Witham MD. Current practice in the diagnosis and management 
of sarcopenia and frailty – results from a UK-wide survey. J Frailty 
Sarcopenia Falls. 2019; 4(3): 71-77. doi: 10.22540/JFSF-04-071

23. Fragala MS, Cadore EL, Dorgo S, Izquierdo M, Kraemer WJ, 
Peterson MD, et al. Resistance training for older adults: Position 
statement from the National Strength and Conditioning Asso-
ciation. J Strength Cond Res. 2019; 33(8): 2019-2052. doi: 10.1519/
JSC.0000000000003230

24. Papa  EV, Dong  X, Hassan  M. Skeletal muscle function 
deficits in the elderly: Current perspectives on resistance training. 
J Nat Sci. 2017; 3(1): e272.

25. Law TD, Clark LA, Clark BC. Resistance exercise to prevent 
and manage sarcopenia and dynapenia. Annu Rev Gerontol Geriatr. 
2016; 36(1): 205-228. doi: 10.1891/0198-8794.36.205

26. Michel JM, Lievense KK, Norton SC, Costa JV, Alphin KH, 
Bailey LA, et al. The effects of graded protein intake in conjunction 
with progressive resistance training on skeletal muscle outcomes 
in older adults: A preliminary trial. Nutrients. 2022; 14(13): 2739. 
doi: 10.3390/nu14132739

27. Vasconcelos  KS, Dias  JM, Araújo  MC, Pinheiro  AC, 
Moreira BS, Dias RC. Effects of a progressive resistance exercise 
program with high-speed component on the physical function 
of  older women with sarcopenic obesity: A  randomized con-
trolled trial. Braz J Phys Ther. 2016; 20(5): 432-440. doi: 10.1590/
bjpt-rbf.2014.0174

28. Yasuda T, Meguro M, Sato Y, Nakajima T. Use and safety 
of  KAATSU training: Results of a national survey in 2016. Inter-
national Journal of KAATSU Training Research. 2017; 13(1): 1-9. 
doi: 10.3806/ijktr.13.1

29. Thiebaud RS, Loenneke JP, Fahs CA, Rossow LM, Kim D, 
Abe T, et al. The effects of elastic band resistance training com-
bined with blood flow restriction on strength, total bone-free 
lean body mass and muscle thickness in postmenopausal women. 
Clin Physiol Funct Imaging. 2013; 33(5): 344-352. doi:  10.1111/
cpf.12033

30. Centner C, Wiegel P, Gollhofer A, König D. Effects of blood 
flow restriction training on muscular strength and hypertrophy 
in older individuals: A systematic review and meta-analysis. Sports 
Med. 2019; 49(1): 95-108. doi: 10.1007/s40279-018-0994-1

31. Cook SB, LaRoche DP, Villa MR, Barile H, Manini TM. Blood 
flow restricted resistance training in older adults at risk of  mo-
bility limitations. Exp Gerontol. 2017; 99: 138-145. doi:  10.1016/ 
j.exger.2017.10.004

32. Nascimento DDC, Rolnick N, Neto IVS, Severin R, Beal FLR. 
A useful blood flow restriction training risk stratification for exercise 
and rehabilitation. Front Physiol. 2022; 13: 808622. doi: 10.3389/
fphys.2022.808622

33. Rodrigo-Mallorca D, Loaiza-Betancur AF, Monteagudo P, 
Blasco-Lafarga  C, Chulvi-Medrano  I. Resistance training with 
blood flow restriction compared to traditional resistance training 
on strength and muscle mass in non-active older adults: A system-



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

88
Internal diseases

atic review and meta-analysis. Int J Environ Res Public Health. 2021; 
18(21): 11441. doi: 10.3390/ijerph182111441

34. Kanda K, Yoda T, Suzuki H, et al. Effects of low-intensity 
bodyweight training with slow movement on motor function 
in frail elderly patients: A prospective observational study. Environ 
Health Prev Med. 2018; 23(1): 4. doi: 10.1186/s12199-018-0693-4

35. Watanabe Y, Madarame  H, Ogasawara  R, Nakazato  K, 
Ishii N. Effect of very low-intensity resistance training with slow 
movement on muscle size and strength in healthy older adults. Clin 
Physiol Funct Imaging. 2014; 34(6): 463-470. doi: 10.1111/cpf.12117

36. Takenami E, Iwamoto S, Shiraishi N, Kato A, Watanabe Y, 
Yamada Y, et al. Effects of low-intensity resistance training on muscu-
lar function and glycemic control in older adults with type 2 diabetes. 
J Diabetes Investig. 2019; 10(2): 331-338. doi: 10.1111/jdi.12926

37. Usui  S, Maeo  S, Tayashiki  K, Nakatani  M, Kanehisa  H. 
Low-load slow movement squat training increases muscle size 
and strength but not power. Int J Sports Med. 2016; 37(4): 305-312. 
doi: 10.1055/s-0035-1564255

38. Terada K, Kikuchi N, Burt D, Voisin S, Nakazato K. Low-load 
resistance training to volitional failure induces muscle hypertrophy 
similar to volume-matched, velocity fatigue. J Strength Cond Res. 
2022; 36(6): 1576-1581. doi: 10.1519/JSC.0000000000003690

39. Lasevicius T, Schoenfeld  BJ, Silva-Batista  C, Barros TS, 
Aihara  AY, Brendon  H, et  al. Muscle failure promotes greater 
muscle hypertrophy in low-load but not in high-load resistance 
training. J Strength Cond Res. 2022; 36(2): 346-351. doi: 10.1519/
JSC.0000000000003454

40. Ogasawara R, Loenneke JO, Thiebaud RS, Abe T. Low-load 
bench press training to fatigue results in muscle hypertrophy 
similar to high-load bench press training. Int J Clin Med. 2013; 4(2): 
114-121. doi: 10.4236/ijcm.2013.42022

41. Van  Roie  E, Delecluse  C, Coudyzer W, Boonen  S, Baut-
mans  I. Strength training at high versus low external resistance 
in  older adults: effects on muscle volume, muscle strength, 
and force-velocity characteristics. Exp Gerontol. 2013; 48(11): 1351-
1361. doi: 10.1016/j.exger.2013.08.010

42. Van Roie E, Walker S, Van Driessche S, Baggen R, Coud-
yzer W, Bautmans I, et al. Training load does not affect detraining’s 
effect on muscle volume, muscle strength and functional capacity 
among older adults. Exp Gerontol. 2017; 98: 30-37. doi: 10.1016/ 
j.exger.2017.07.017

43. Pieczyńska A, Zasadzka E, Trzmiel T, Pyda M, Pawlaczyk M. 
The effect of a mixed circuit of aerobic and resistance training 
on body composition in older adults-retrospective study. Int J Environ 
Res Public Health. 2021; 18(11): 5608. doi: 10.3390/ijerph18115608

44. Villareal DT, Aguirre L, Gurney AB, Waters DL, Sinacore DR, 
Colombo E, et al. Aerobic or resistance exercise, or both, in diet-
ing obese older adults. N Engl J Med. 2017; 376(20): 1943-1955. 
doi: 10.1056/NEJMoa1616338

45. Harber  MP, Konopka  AR, Undem  MK, Hinkley  JM, 
Minchev K, Kaminsky LA, et al. Aerobic exercise training induces 
skeletal muscle hypertrophy and age-dependent adaptations 
in myofiber function in young and older men. J Appl Physiol (1985). 
2012; 113(9): 1495-1504. doi: 10.1152/japplphysiol.00786.2012

46. Bori Z, Zhao Z, Koltai E, Fatouros IG, Jamurtas AZ, Dour-
oudos II, et al. The effects of aging, physical training and a single 
bout of exercise on mitochondrial protein expression in human 
skeletal muscle. Exp Gerontol. 2012; 47(6): 417-424. doi: 10.1016/ 
j.exger.2012.03.004

47. Ferreira  LF, de  Oliveira  AR, Schiefelbein  ML, Garcia  E, 
Telles da Rosa LH. Aerobic training does not decrease the preva-
lence of sarcopenia in older women: Cross-sectional study. Ageing 
Int. 2022; 47(1). doi: 10.1007/s12126-022-09485-7

48. Chen HT, Chung YC, Chen YJ, Ho SY, Wu HJ. Effects of dif-
ferent types of exercise on body composition, muscle strength, 
and IGF-1 in the elderly with sarcopenic obesity. J Am Geriatr Soc. 
2017; 65(4): 827-832. doi: 10.1111/jgs.14722

49. Morat T, Krueger  J, Gaedtke  A, Preuss  M, Latsch  J, Pre-
del HG. Effects of 12 weeks of Nordic Walking and XCO Walking 
training on the endurance capacity of older adults. Eur Rev Aging 
Phys Act. 2017; 14: 16. doi: 10.1186/s11556-017-0186-2

50. Li Z, Cui M, Yu K, Zhang XW, Li CW, Nie XD, et al. Effects 
of nutrition supplementation and physical exercise on muscle 
mass, muscle strength and fat mass among sarcopenic elderly: 
A randomized controlled trial. Appl Physiol Nutr Metab. 2021; 46(5): 
494-500. doi: 10.1139/apnm-2020-0643

51. Trouwborst I, Verreijen A, Memelink R, Massanet P, Boirie Y, 
Weijs P, et al. Exercise and nutrition strategies to counteract sarco-
penic obesity. Nutrients. 2018; 10(5): 605. doi: 10.3390/nu10050605

52. Zhu LY, Chan R, Kwok T, Cheng KC, Ha A, Woo J. Effects 
of  exercise and nutrition supplementation in community-
dwelling older Chinese people with sarcopenia: A randomized 
controlled trial. Age Ageing. 2019; 48(2): 220-228. doi: 10.1093/
ageing/afy179

53. Wang LZ, Guo YB, Lou JH. Effects of home exercise on sar-
copenia obesity for aging people. Chinese Journal of Rehabilitation 
Theory and Practice. 2019; 25(1): 90-96. doi: 10.3969/j.issn.1006-
9771.2019.01.012

54. Zhu YQ, Peng N, Zhou M, Liu PP, Qi XL, Wang N, et al. Tai Chi 
and whole-body vibrating therapy in sarcopenic men in advanced 
old age: A clinical randomized controlled trial. Eur J Ageing. 2019; 
16(3): 273-282. doi: 10.1007/s10433-019-00498-x

55. Lee MY, Jung WS, Lee MG. Effects of a 12-week circuit train-
ing on fall-related fitness in elderly women with sarcopenia. Korean 
Journal of Sports Science. 2017; 26(5): 1123-1135. doi: 10.35159/
kjss.2017.10.26.5.1123

56. Gudlaugsson J, Aspelund T, Gudnason V, Olafsdottir AS, 
Jonsson PV, Arngrimsson SA, et al. The effects of 6 months’ multi-
modal training on functional performance, strength, endurance, 
and body mass index of older individuals. Are the benefits of train-
ing similar among women and men? Laeknabladid. 2013; 99(7-8): 
331-337. doi: 10.17992/lbl.2013.0708.504

57. Liu CK, Leng X, Hsu FC, Kritchevsky SB, Ding J, Earnest CP, 
et al. The impact of sarcopenia on a physical activity intervention: 
The  Lifestyle Interventions and Independence for Elders Pilot 
study (LIFE-P). J Nutr Health Aging. 2014; 18(1): 59-64. doi: 10.1007/
s12603-013-0369-0

58. Jung WS, Kim YY, Park HY. Circuit training improvements 
in Korean women with sarcopenia. Percept Mot Skills. 2019; 126(5): 
828-842. doi: 10.1177/0031512519860637

59. Kim H, Suzuki T, Saito K, Yoshida H, Kojima N, Kim M, 
et  al. Effects of exercise and tea catechins on muscle mass, 
strength and  walking ability in community-dwelling elderly 
Japanese sarcopenic women: A  randomized controlled trial. 
Geriatr Gerontol Int. 2013; 13(2): 458-465. doi: 10.1111/j.1447-
0594.2012.00923.x

60. Sian TS, Inns TB, Gates A, Doleman B, Bass JJ, Atherton PJ, 
et al. Equipment-free, unsupervised high intensity interval train-



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

89
Internal diseases

ing elicits significant improvements in the physiological resilience 
of older adults. BMC Geriatr. 2022; 22(1): 529. doi: 10.1186/s12877-
022-03208-y

61. Liu QQ, Xie WQ, Luo YX, Li YD, Huang WH, Wu YX, et al. 
High intensity interval training: A potential method for treating 
sarcopenia. Clin Interv Aging. 2022; 17: 857-872. doi:  10.2147/ 
CIA.S366245

62. Hooshmandi  Z, Daryanoosh  F, Nemati  J, Jalli  R. Effect 
of  high-intensity interval resistance training on appendicular 
skeletal muscle mass index measured by bioelectric impedance 
analysis in sarcopenic elderly women. Women’s Health Bulletin. 
2021; 8(4): 211-219. doi: 10.30476/WHB.2021.90850.1120

63. Panayiotou G, Paschalis V, Nikolaidis MG, Theodorou AA, 
Deli  CK, Fotopoulou  N, et  al. No adverse effects of statins 
on muscle function and health-related parameters in the elderly: 
An  exercise study. Scand  J Med Sci Sports. 2013; 23(5): 556-567. 
doi: 10.1111/j.1600-0838.2011.01437.x

64. Beaudart C, Reginster JY, Slomian J, Buckinx F, Locquet M, 
Bruyère  O. Prevalence of sarcopenia: The  impact of different 
diagnostic cut-off limits. J Musculoskelet Neuronal Interact. 2014; 
14(4): 425-431.

65. Wei N, Pang MY, Ng SS, Ng GY. Optimal frequency/time 
combination of whole-body vibration training for improving 
muscle size and strength of people with age-related muscle loss 
(sarcopenia): A  randomized controlled trial. Geriatr Gerontol Int. 
2017; 17(10): 1412-1420. doi: 10.1111/ggi.12878

66. Chang SF, Lin PC, Yang RS, Yang RJ. The preliminary effect 
of whole-body vibration intervention on improving the skeletal 
muscle mass index, physical fitness, and quality of life among older 
people with sarcopenia. BMC Geriatr. 2018; 18(1): 17. doi: 10.1186/
s12877-018-0712-8

67. Wu S, Ning HT, Xiao SM, Hu MY, Wu XY, Deng HW, et al. 
Effects of vibration therapy on muscle mass, muscle strength 
and physical function in older adults with sarcopenia: A systematic 
review and meta-analysis. Eur Rev Aging Phys Act. 2020; 17: 14. 
doi: 10.1186/s11556-020-00247-5

68. Vlietstra  L, Hendrickx W, Waters  DL. Exercise interven-
tions in healthy older adults with sarcopenia: A  systematic re-
view and meta-analysis. Australas J Ageing. 2018; 37(3): 169-183. 
doi: 10.1111/ajag.12521

69. Bao W, Sun Y, Zhang T, Zou L, Wu X, Wang D, et al. Ex-
ercise programs for muscle mass, muscle strength and physical 
performance in older adults with sarcopenia: A systematic review 
and meta-analysis. Aging Dis. 2020; 11(4): 863-873. doi: 10.14336/
AD.2019.1012

70. Wang H, Huang WY, Zhao Y. Efficacy of exercise on mus-
cle function and physical performance in older adults with sar-
copenia: An  updated systematic review and meta-analysis. 
Int J Environ Res Public Health. 2022; 19(13): 8212. doi: 10.3390/
ijerph19138212

ЛИТЕРАТУРА

1. Yasud T. Selected methods of resistance training for pre-
vention and treatment of sarcopenia. Cels. 2022; 11(9): 1389. 
doi: 0.3390/cells11091389

2. Traub J, Bergheim I, Eibisberger M, Stadlbauer V. Sarcopenia 
and liver cirrhosis-comparison of he European Working Group on 

Sarcopenia Criteria 2010 and 2019. Nutrients. 2020; 12(2): 547. 
doi: 10.3390/nu12020547

3. Williams  GR, Rier  HN, McDonald  A, Shachar  SS. Sarco-
penia and aging in cancer. J  Geriat Oncol. 2019; 10(3): 374-377. 
doi: 10.1016/j.jgo.2018.10.009

4. Yedigaryan L, Gatti M, Marini V, Maraldi T, Sampaolesi M. 
Shared and divergent epigenetic mechanisms in cachexia and sar-
copenia. Cells. 2022; 11(15): 2293. doi: 10.3390/cells11152293

5. Beaudart C, McCloskey E, Bruyère O, Cesari M, Rolland Y, Rizzo-
li R, et al. Sarcopenia in daily practice: Assessment and management. 
BMC geriatrics. 2016; 16(1): 170. doi: 10.1186/s12877-016-0349-4

6. Saeki C, Takano K, Oikawa T, Aoki Y, Kanai T, Takakura K, 
et al. Comparative assessment of sarcopenia using the JSH, AWGS, 
and EWGSOP2 criteria and the relationship between sarcopenia, 
osteoporosis, and osteosarcopenia in patients with liver cirrhosis. 
BMC musculoskeletal disorders. 2019; 20(1): 615. doi:  10.1186/
s12891-019-2983-4

7. Плещёв И.Е., Ачкасов Е.Е., Николенко В.Н., Шкребко А.Н. 
Саркопения: современные подходы к диагностике и реабили-
тации. Современные проблемы науки и образования. 2022; 1: 66. 
doi: 10.17513/spno.31443

8. Simsek H, Meseri R, Sahin S, Kilavuz A, Bicakli DH, Uyar M, 
et al. Prevalence of sarcopenia and related factors in community-
dwelling elderly individuals. Saudi Med  J. 2019; 40(6): 568-574. 
doi: 10.15537/smj.2019.6.23917

9. Alexandre T, Duarte Y, Santos  J, Lebrão  ML. Prevalence 
and associated factors of sarcopenia, dynapenia, and sarcodynap-
enia in community-dwelling elderly in São Paulo – SABE Study. 
Rev Bras Epidemiol. 2019; 21(02): e180009. doi:  10.1590/1980-
549720180009.supl.2

10. Chen  LK, Liu  LK, Woo  J, Assantachai  P, Auyeung TW, 
Bahyah KS, et al. Sarcopenia in Asia: Consensus report of the Asian 
Working Group for Sarcopenia. J Am Med Dir Assoc. 2014; 15(2): 
95-101. doi: 10.1016/j.jamda.2013.11.025

11. Бочарова  К.А., Рукавишникова  С.А., Осипов  К.В., 
Шадрин  К.А., Одегнал  А.А. Курносенко  В.Ю. Саркопения 
в  системе долговременного ухода. Современные проблемы 
здравоохранения и медицинской статистики. 2021; 2: 12-26. 
doi: 10.24412/2312-2935-2021-2-12-26

12. Cruz-Jentoft AJ, Landi F, Schneider SM, Zúñiga C, Arai H, 
Boirie Y, et  al. Prevalence of and interventions for sarcopenia 
in ageing adults: A systematic review. Report of the International 
Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 2014; 43(6): 
748-759. doi: 10.1093/ageing/afu115

13. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Ce-
derholm T, et al. Sarcopenia: Revised European consensus on defi-
nition and diagnosis. Age Ageing. 2019; 48(4): 601. doi: 10.1093/
ageing/afz046

14. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Ii-
jima K, et al. Asian Working Group for Sarcopenia: 2019 consensus 
update on sarcopenia diagnosis and treatment. J Am Med Dir As-
soc. 2020; 21(3): 300e2-307.e2. doi: 10.1016/j.jamda.2019.12.012

15. Dent E, Morley JE, Cruz-Jentoft AJ, Woodhouse L, Rodríguez-
Mañas L, Fried LP, et al. Physical frailty: ICFSR International Clinical 
Practice Guidelines for identification and management. J Nutr Health 
Aging. 2019; 23(9): 771-787. doi: 10.1007/s12603-019-1273-z

16. Tournadre  A, Vial  G, Capel  F, Soubrier  M, Boirie Y. Sar-
copenia. Joint Bone Spine. 2019; 86(3): 309-314. doi:  10.1016/ 
j.jbspin.2018.08.001



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

90
Internal diseases

17. Hurst C, Robinson SM, Witham MD, Dodds RM, Granic A, 
Buckland C, et al. Resistance exercise as a treatment for sarcope-
nia: Prescription and delivery. Age Ageing. 2022; 51(2): afac003. 
doi: 10.1093/ageing/afac003

18. Dent E, Morley JE, Cruz-Jentoft AJ, Arai H, Kritchevsky SB, 
Guralnik J, et al. International Clinical Practice Guidelines for Sar-
copenia (ICFSR): Screening, diagnosis and management. J Nutr 
Health Aging. 2018; 22(10): 1148-1161. doi: 10.1007/s12603-018-
1139-9

19. Grgic  J, Garofolini  A, Orazem  J, Sabol  F, Schoenfeld  BJ, 
Pedisic Z. Effects of resistance training on muscle size and strength 
in very elderly adults: A systematic review and meta-analysis of ran-
domized controlled trials. Sports Med. 2020; 50(11): 1983-1999. 
doi: 10.1007/s40279-020-01331-7

20. Papadopoulou  SK. Sarcopenia: A  contemporary health 
problem among older adult populations. Nutrients. 2020; 12(5): 
1293. doi: 10.3390/nu12051293

21. Borde R, Hortobágyi T, Granacher U. Dose-response rela-
tionships of resistance training in healthy old adults: A systematic 
review and meta-analysis. Sports Med. 2015; 45(12): 1693-1720. 
doi: 10.1007/s40279-015-0385-9

22. Offord  NJ, Clegg  A, Turner  G, Dodds  RM, Sayer  AA, 
Witham MD. Current practice in the diagnosis and management 
of sarcopenia and frailty – results from a UK-wide survey. J Frailty 
Sarcopenia Falls. 2019; 4(3): 71-77. doi: 10.22540/JFSF-04-071

23. Fragala MS, Cadore EL, Dorgo S, Izquierdo M, Kraemer WJ, 
Peterson MD, et al. Resistance training for older adults: Position 
statement from the National Strength and Conditioning Asso-
ciation. J Strength Cond Res. 2019; 33(8): 2019-2052. doi: 10.1519/
JSC.0000000000003230

24. Papa  EV, Dong  X, Hassan  M. Skeletal muscle function 
deficits in the elderly: Current perspectives on resistance training. 
J Nat Sci. 2017; 3(1): e272.

25. Law TD, Clark LA, Clark BC. Resistance exercise to prevent 
and manage sarcopenia and dynapenia. Annu Rev Gerontol Geriatr. 
2016; 36(1): 205-228. doi: 10.1891/0198-8794.36.205

26. Michel JM, Lievense KK, Norton SC, Costa JV, Alphin KH, 
Bailey LA, et al. The effects of graded protein intake in conjunction 
with progressive resistance training on skeletal muscle outcomes 
in older adults: A preliminary trial. Nutrients. 2022; 14(13): 2739. 
doi: 10.3390/nu14132739

27. Vasconcelos KS, Dias JM, Araújo MC, Pinheiro AC, Morei-
ra BS, Dias RC. Effects of a progressive resistance exercise program 
with high-speed component on the physical function of older wom-
en with sarcopenic obesity: A randomized controlled trial. Braz J 
Phys Ther. 2016; 20(5): 432-440. doi: 10.1590/bjpt-rbf.2014.0174

28. Yasuda T, Meguro M, Sato Y, Nakajima T. Use and safety 
of  KAATSU training: Results of a national survey in 2016. Inter-
national Journal of KAATSU Training Research. 2017; 13(1): 1-9. 
doi: 10.3806/ijktr.13.1

29. Thiebaud RS, Loenneke JP, Fahs CA, Rossow LM, Kim D, 
Abe T, et al. The effects of elastic band resistance training combined 
with blood flow restriction on strength, total bone-free lean body 
mass and muscle thickness in postmenopausal women. Clin Physiol 
Funct Imaging. 2013; 33(5): 344-352. doi: 10.1111/cpf.12033

30. Centner C, Wiegel P, Gollhofer A, König D. Effects of blood 
flow restriction training on muscular strength and hypertrophy 
in older individuals: A systematic review and meta-analysis. Sports 
Med. 2019; 49(1): 95-108. doi: 10.1007/s40279-018-0994-1

31. Cook SB, LaRoche DP, Villa MR, Barile H, Manini TM. Blood 
flow restricted resistance training in older adults at risk of  mo-
bility limitations. Exp Gerontol. 2017; 99: 138-145. doi:  10.1016/ 
j.exger.2017.10.004

32. Nascimento DDC, Rolnick N, Neto IVS, Severin R, Beal FLR. 
A useful blood flow restriction training risk stratification for exercise 
and rehabilitation. Front Physiol. 2022; 13: 808622. doi: 10.3389/
fphys.2022.808622

33. Rodrigo-Mallorca D, Loaiza-Betancur AF, Monteagudo P, 
Blasco-Lafarga C, Chulvi-Medrano I. Resistance training with blood 
flow restriction compared to traditional resistance training 
on strength and muscle mass in non-active older adults: A system-
atic review and meta-analysis. Int J Environ Res Public Health. 2021; 
18(21): 11441. doi: 10.3390/ijerph182111441

34. Kanda K, Yoda T, Suzuki H, et al. Effects of low-intensity 
bodyweight training with slow movement on motor function 
in frail elderly patients: A prospective observational study. Environ 
Health Prev Med. 2018; 23(1): 4. doi: 10.1186/s12199-018-0693-4

35. Watanabe Y, Madarame  H, Ogasawara  R, Nakazato  K, 
Ishii N. Effect of very low-intensity resistance training with slow 
movement on muscle size and strength in healthy older adults. Clin 
Physiol Funct Imaging. 2014; 34(6): 463-470. doi: 10.1111/cpf.12117

36. Takenami E, Iwamoto S, Shiraishi N, Kato A, Watanabe Y, 
Yamada Y, et al. Effects of low-intensity resistance training on muscu-
lar function and glycemic control in older adults with type 2 diabetes. 
J Diabetes Investig. 2019; 10(2): 331-338. doi: 10.1111/jdi.12926

37. Usui  S, Maeo  S, Tayashiki  K, Nakatani  M, Kanehisa  H. 
Low-load slow movement squat training increases muscle size 
and strength but not power. Int J Sports Med. 2016; 37(4): 305-312. 
doi: 10.1055/s-0035-1564255

38. Terada K, Kikuchi N, Burt D, Voisin S, Nakazato K. Low-load 
resistance training to volitional failure induces muscle hypertrophy 
similar to volume-matched, velocity fatigue. J Strength Cond Res. 
2022; 36(6): 1576-1581. doi: 10.1519/JSC.0000000000003690

39. Lasevicius T, Schoenfeld  BJ, Silva-Batista  C, Barros TS, 
Aihara  AY, Brendon  H, et  al. Muscle failure promotes greater 
muscle hypertrophy in low-load but not in high-load resistance 
training. J Strength Cond Res. 2022; 36(2): 346-351. doi: 10.1519/
JSC.0000000000003454

40. Ogasawara R, Loenneke JO, Thiebaud RS, Abe T. Low-load 
bench press training to fatigue results in muscle hypertrophy 
similar to high-load bench press training. Int J Clin Med. 2013; 4(2): 
114-121. doi: 10.4236/ijcm.2013.42022

41. Van  Roie  E, Delecluse  C, Coudyzer W, Boonen  S, Baut-
mans  I. Strength training at high versus low external resistance 
in  older adults: effects on muscle volume, muscle strength, 
and force-velocity characteristics. Exp Gerontol. 2013; 48(11): 1351-
1361. doi: 10.1016/j.exger.2013.08.010

42. Van Roie E, Walker S, Van Driessche S, Baggen R, Coud-
yzer W, Bautmans I, et al. Training load does not affect detraining’s 
effect on muscle volume, muscle strength and functional capacity 
among older adults. Exp Gerontol. 2017; 98: 30-37. doi: 10.1016/ 
j.exger.2017.07.017

43. Pieczyńska A, Zasadzka E, Trzmiel T, Pyda M, Pawlaczyk M. 
The effect of a mixed circuit of aerobic and resistance training 
on body composition in older adults-retrospective study. Int J Environ 
Res Public Health. 2021; 18(11): 5608. doi: 10.3390/ijerph18115608

44. Villareal DT, Aguirre L, Gurney AB, Waters DL, Sinacore DR, 
Colombo E, et al. Aerobic or resistance exercise, or both, in diet-



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

91
Internal diseases

ing obese older adults. N Engl J Med. 2017; 376(20): 1943-1955. 
doi: 10.1056/NEJMoa1616338

45. Harber  MP, Konopka  AR, Undem  MK, Hinkley  JM, 
Minchev K, Kaminsky LA, et al. Aerobic exercise training induces 
skeletal muscle hypertrophy and age-dependent adaptations 
in myofiber function in young and older men. J Appl Physiol (1985). 
2012; 113(9): 1495-1504. doi: 10.1152/japplphysiol.00786.2012

46. Bori Z, Zhao Z, Koltai E, Fatouros IG, Jamurtas AZ, Dour-
oudos II, et al. The effects of aging, physical training and a single 
bout of exercise on mitochondrial protein expression in human 
skeletal muscle. Exp Gerontol. 2012; 47(6): 417-424. doi: 10.1016/ 
j.exger.2012.03.004

47. Ferreira  LF, de  Oliveira  AR, Schiefelbein  ML, Garcia  E, 
Telles da Rosa LH. Aerobic training does not decrease the preva-
lence of sarcopenia in older women: Cross-sectional study. Ageing 
Int. 2022; 47(1). doi: 10.1007/s12126-022-09485-7

48. Chen HT, Chung YC, Chen YJ, Ho SY, Wu HJ. Effects of dif-
ferent types of exercise on body composition, muscle strength, 
and IGF-1 in the elderly with sarcopenic obesity. J Am Geriatr Soc. 
2017; 65(4): 827-832. doi: 10.1111/jgs.14722

49. Morat T, Krueger  J, Gaedtke  A, Preuss  M, Latsch  J, Pre-
del HG. Effects of 12 weeks of Nordic Walking and XCO Walking 
training on the endurance capacity of older adults. Eur Rev Aging 
Phys Act. 2017; 14: 16. doi: 10.1186/s11556-017-0186-2

50. Li Z, Cui M, Yu K, Zhang XW, Li CW, Nie XD, et al. Effects 
of nutrition supplementation and physical exercise on muscle 
mass, muscle strength and fat mass among sarcopenic elderly: 
A randomized controlled trial. Appl Physiol Nutr Metab. 2021; 46(5): 
494-500. doi: 10.1139/apnm-2020-0643

51. Trouwborst I, Verreijen A, Memelink R, Massanet P, Boirie Y, 
Weijs P, et al. Exercise and nutrition strategies to counteract sarco-
penic obesity. Nutrients. 2018; 10(5): 605. doi: 10.3390/nu10050605

52. Zhu LY, Chan R, Kwok T, Cheng KC, Ha A, Woo J. Effects 
of exercise and nutrition supplementation in community-dwelling 
older Chinese people with sarcopenia: A randomized controlled 
trial. Age Ageing. 2019; 48(2): 220-228. doi: 10.1093/ageing/afy179

53. Wang LZ, Guo YB, Lou JH. Effects of home exercise on sar-
copenia obesity for aging people. Chinese Journal of Rehabilitation 
Theory and Practice. 2019; 25(1): 90-96. doi: 10.3969/j.issn.1006-
9771.2019.01.012

54. Zhu YQ, Peng N, Zhou M, Liu PP, Qi XL, Wang N, et al. Tai Chi 
and whole-body vibrating therapy in sarcopenic men in advanced 
old age: A clinical randomized controlled trial. Eur J Ageing. 2019; 
16(3): 273-282. doi: 10.1007/s10433-019-00498-x

55. Lee MY, Jung WS, Lee MG. Effects of a 12-week circuit train-
ing on fall-related fitness in elderly women with sarcopenia. Korean 
Journal of Sports Science. 2017; 26(5): 1123-1135. doi: 10.35159/
kjss.2017.10.26.5.1123

56. Gudlaugsson J, Aspelund T, Gudnason V, Olafsdottir AS, 
Jonsson PV, Arngrimsson SA, et al. The effects of 6 months’ multi-
modal training on functional performance, strength, endurance, 
and body mass index of older individuals. Are the benefits of train-
ing similar among women and men? Laeknabladid. 2013; 99(7-8): 
331-337. doi: 10.17992/lbl.2013.0708.504

57. Liu CK, Leng X, Hsu FC, Kritchevsky SB, Ding J, Earnest CP, 
et al. The impact of sarcopenia on a physical activity intervention: 
The  Lifestyle Interventions and Independence for Elders Pilot 
study (LIFE-P). J Nutr Health Aging. 2014; 18(1): 59-64. doi: 10.1007/
s12603-013-0369-0

58. Jung WS, Kim YY, Park HY. Circuit training improvements 
in Korean women with sarcopenia. Percept Mot Skills. 2019; 126(5): 
828-842. doi: 10.1177/0031512519860637

59. Kim H, Suzuki T, Saito K, Yoshida H, Kojima N, Kim M, et al. 
Effects of exercise and tea catechins on muscle mass, strength 
and walking ability in community-dwelling elderly Japanese sar-
copenic women: A randomized controlled trial. Geriatr Gerontol 
Int. 2013; 13(2): 458-465. doi: 10.1111/j.1447-0594.2012.00923.x

60. Sian TS, Inns TB, Gates A, Doleman B, Bass JJ, Atherton PJ, 
et al. Equipment-free, unsupervised high intensity interval train-
ing elicits significant improvements in the physiological resilience 
of older adults. BMC Geriatr. 2022; 22(1): 529. doi: 10.1186/s12877-
022-03208-y

61. Liu QQ, Xie WQ, Luo YX, Li YD, Huang WH, Wu YX, et al. High 
intensity interval training: A potential method for treating sarcope-
nia. Clin Interv Aging. 2022; 17: 857-872. doi: 10.2147/CIA.S366245

62. Hooshmandi Z, Daryanoosh F, Nemati J, Jalli R. Effect of 
high-intensity interval resistance training on appendicular skeletal 
muscle mass index measured by bioelectric impedance analysis 
in sarcopenic elderly women. Women’s Health Bulletin. 2021; 8(4): 
211-219. doi: 10.30476/WHB.2021.90850.1120

63. Panayiotou G, Paschalis V, Nikolaidis MG, Theodorou AA, 
Deli  CK, Fotopoulou  N, et  al. No adverse effects of statins 
on muscle function and health-related parameters in the elderly: 
An  exercise study. Scand  J Med Sci Sports. 2013; 23(5): 556-567. 
doi: 10.1111/j.1600-0838.2011.01437.x

64. Beaudart C, Reginster JY, Slomian J, Buckinx F, Locquet M, 
Bruyère  O. Prevalence of sarcopenia: The  impact of different 
diagnostic cut-off limits. J Musculoskelet Neuronal Interact. 2014; 
14(4): 425-431.

65. Wei N, Pang MY, Ng SS, Ng GY. Optimal frequency/time 
combination of whole-body vibration training for improving 
muscle size and strength of people with age-related muscle loss 
(sarcopenia): A  randomized controlled trial. Geriatr Gerontol Int. 
2017; 17(10): 1412-1420. doi: 10.1111/ggi.12878

66. Chang SF, Lin PC, Yang RS, Yang RJ. The preliminary effect 
of whole-body vibration intervention on improving the skeletal 
muscle mass index, physical fitness, and quality of life among older 
people with sarcopenia. BMC Geriatr. 2018; 18(1): 17. doi: 10.1186/
s12877-018-0712-8

67. Wu S, Ning HT, Xiao SM, Hu MY, Wu XY, Deng HW, et al. 
Effects of vibration therapy on muscle mass, muscle strength 
and physical function in older adults with sarcopenia: A systematic 
review and meta-analysis. Eur Rev Aging Phys Act. 2020; 17: 14. 
doi: 10.1186/s11556-020-00247-5

68. Vlietstra  L, Hendrickx W, Waters  DL. Exercise interven-
tions in healthy older adults with sarcopenia: A  systematic re-
view and meta-analysis. Australas J Ageing. 2018; 37(3): 169-183. 
doi: 10.1111/ajag.12521

69. Bao W, Sun Y, Zhang T, Zou L, Wu X, Wang D, et al. Ex-
ercise programs for muscle mass, muscle strength and physical 
performance in older adults with sarcopenia: A systematic review 
and meta-analysis. Aging Dis. 2020; 11(4): 863-873. doi: 10.14336/
AD.2019.1012

70. Wang  H, Huang WY, Zhao Y. Efficacy of exercise on 
muscle function and physical performance in older adults with 
sarcopenia: An updated systematic review and meta-analysis. 
Int J Environ Res Public Health. 2022; 19(13): 8212. doi: 10.3390/
ijerph19138212



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 2

92
Internal diseases

Information about the authors
Igor’ E. Pleshchev – Senior Lecturer at the Department of Physical Culture and Sports, Yaroslavl State Medical University, e-mail: doctor.pleshyov@gmail.com, https://orcid.org/0000-0002-1737-7328
Vladimir N. Nikolenko – Dr. Sc.  (Med.), Professor, Head of the Department of Human Anatomy and Histology, Sechenov First Moscow State Medical University (Sechenov University); Head 
of the Department of Normal and Topographic Anatomy, Fundamental Medicine Faculty, Lomonosov Moscow State University, e-mail: vn.nikolenko@yandex.ru, https://orcid.org/0000-0001-9532-9957
Evgeny E. Achkasov – Dr. Sc. (Med.), Professor, Head of the Department of Sports Medicine and Medical Rehabilitation, Sechenov First Moscow State Medical University (Sechenov University), 
e-mail: 2215.g23@rambler.ru, https://orcid.org/0000-0001-9964-5199
Aleksandr N. Shkrebko – Dr. Sc. (Med.), Professor, Vice-Rector, Head of the Department of Medical Rehabilitation and Sports Medicine, Yaroslavl State Medical University, e-mail: anshkrebko@mail.ru, 
https://orcid.org/0000-0002-0234-0768
Inna V. Ivanova – Dr. Sc. (Med.), Docent, Acting Rector, Professor at the Department of Polyclinic Pediatrics, Ivanovo State Medical Academy, e-mail: alasel@mail.ru, https://orcid.org/0000-
0002-3553-4470




