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Purpose: The purpose of this study was to compare the anthropometric indicators of sports veterans, former athletes who stopped 
training, and non-sports people aged 40 years and older to assess the impact of regular sports on the stability of the body.
Patients and Methods: 100 athletes and 31 people non-sports were included in the study. Athletes were divided into two groups 
depending on the mode of motor activity. The first group (n=75) continued their regular sports activities. The second group (n=25) 
stopped training. Height, weight, chest circumference, mobility, waist, shoulder circumference, forearm, hip, ankle, fat mass, and 
muscle mass were measured, and dynamometry was performed.
Results: Body weight is statistically significantly (p<0.05) less in those who continue sports (70.7±10.2) classes after 60 years 
compared with the control group (82.4±9.3). In sports veterans, the chest excursion and the shoulder circumference is statistically 
significantly (p<0.05) greater than in the control group. In the subjects of the first group aged from 40 to 49 (4551±612) and from 50 to 
59 (4242±416), the FVC index was statistically significantly (p<0.05) higher than in the control group (3890±344 and 3786±401, 
respectively). The body composition of veterans is characterized by a high level of muscle mass and a low level of fat mass. At the age 
of 40–49, the percentage of muscle tissue in sports veterans was statistically significantly higher (46.32±2.74) (p<0.05) than in the 
group of athletes who stopped sports activities (44.09±5.29).
Conclusion: Veterans of sports demonstrate higher indicators of limb girth and muscle strength compared to untrained people of the 
same age. In addition, sports veterans have a lower content of adipose tissue and a greater expression of muscle mass. Thus, the data 
obtained by us show that sports prevent the development of sarcopenia and can also affect cardiovascular risk.
Keywords: regular motor activity, muscle mass, resilience, sarcopenia

Introduction
The increase in life expectancy is characterized by an increase in the burden on the health care system and an increase in 
global demand for its resources, which is associated with the accumulation of many concomitant diseases in old age as 
well as the appearance of concomitant conditions. Thus, strategies aimed at reducing the gap between health and life 
expectancy are of paramount importance.1

Sports bring incalculable health benefits to all age groups. It has been proven that regular physical activity can reduce 
the development of several chronic degenerative diseases associated with old age, such as metabolic and cardiovascular 
disorders.2 In addition, aging affects the histological composition of muscle fibers. It has been found that regular exercise 
in old age can contribute to the deposition and preservation of high-performance fibers.3 Physical activity brings 
undoubted benefits to young people since sports ensure the preservation of metabolic health in adulthood, ie, contribute 
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to a significant delay in the development of osteoporosis.4 In addition, sport has a long-term impact on psychological 
health, improving social activity and playing a crucial role in the treatment of severe mental illnesses such as depression 
or anxiety.5

Despite all the benefits of playing sports, only 13% of people aged 65 and older regularly engage in physical activity 
more than 3 days a week, and the obesity rate among adults over 60 increases by 45%.6 Physical activity helps prevent 
chronic diseases and improves the quality of life, but few people lead an active lifestyle in old age. The exception is made 
by athletes and masters of sports who participate in sports competitions in middle and older age. Sports veterans have the 
same lipid profile as young people, which reduces the risk of heart disease. Master athletes also have better glucose 
tolerance and a lower waist-to-hip ratio than adults who lead a sedentary lifestyle, which reduces the risk of metabolic 
syndrome and type 2 diabetes.7 According to several dietary studies conducted, experienced athletes consume more 
nutritional energy while maintaining a lower body weight than adults who lead a sedentary lifestyle.

By the eighth decade of life, the mass of skeletal muscles decreases by about 18% in men and 27% in women, and 
accompanied by this loss of muscle mass, sarcopenia develops.8,9 Sarcopenia is characterized by a decrease in the cross- 
sectional area of muscle fibers, the content of satellite cells, remodeling of motor units, infiltration of adipose and 
connective tissue, changes in microcirculation,9–12 and a decrease in oxidative capacity.13 At the same time, the question 
of the role of regular physical activity in the development of sarcopenia remains open. There are suggestions that lifelong 
sports (so-called “chronic” sports training) can reduce or even prevent age-related deterioration of physical functions.1 

Understanding whether regular exercise throughout life is a way to maintain weight, the strength and morphology of 
muscles, and the prevention of the development of sarcopenia is of great importance for taking appropriate measures to 
counteract the age-related deterioration of health.14

Thus, the purpose of this study was to compare the anthropometric indicators of sports veterans, former athletes who 
stopped training, and people who do not engage in sports at the age of 40.

Materials and Methods
The study was conducted in accordance with the provision of the Declaration of Helsinki and approved by the local 
ethical committee of Sechenov Moscow State Medical University (protocol №173 of October 30, 2020). Informed 
written consent was obtained from all patients before their inclusion in this study.

One hundred athletes, members of national teams, were included in the study. All subjects were under the supervision 
of a sports medicine physician. Inclusion criteria: male sex, age over 40 years, past participation in high-performance 
sports, athlete level (highest sport qualification, participation in international competitions – World Championships, 
European Championships), sport specialization (sports games), total sport experience – 10 to 20 years or more. Only men 
were included in the study because the mechanisms and risk factors of sarcopenia vary slightly depending on gender.15

100 athletes made up the main group. A control group of 31 persons, consisting of persons of similar age who had not 
participated in sports before. The selection of athletes was regulated by the current regulatory documents on the basis of 
Federal Law No. 329-FZ dated 04.12.2007 (ed. dated 02.07.2021) “On Physical Culture and Sports in the Russian 
Federation”.

100 athletes were divided into 2 groups depending on the mode of motor activity. The first group consisted of 75 
veteran athletes who continued regular sports activities. The second group consisted of 25 people who had completely 
stopped training or had only occasional, haphazard physical activity.

Most of the sports veterans (53.3%) trained daily for 1.5–2.5 hours, 17.6% trained 5 times a week, and 27.1% trained 
3–4 times a week.

To measure the height and weight of the subjects, mechanical column-type scales SECA-700 were used, supple-
mented with a SECA-220 height meter (seca GmbH & co. KG, Germany). The measurement of the chest circumference 
was carried out by applying a centimeter tape from behind, under the lower corners of the shoulder blades, and in front, at 
the level of attachment of four ribs to the sternum. The study was conducted using a spirometer from MIR Spirodoc 
(Medical International Research, Italy).

The muscular strength of the grip of the hand was measured using a manual dynamometer. The measurement of 
the strength of the muscles of the back was carried out using stand-up dynamometry using the Takei 5002 Back 
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Muscle Analog Dynamometer. The measurement of the circumference of the limbs was carried out according to 
generally accepted methods of anthropometry. The circumference of the forearm was measured along a line passing 
5 cm below the projection of the elbow joint. The shoulder circumference was measured along a line passing through 
the middle of the distance between the acromial process of the scapula and the ulnar process of the ulna. The 
circumference of the thigh was measured by the gluteal fold, and the lower leg was measured by the most prominent 
part of the calf muscle.

A 120-caliper Lange (Beta Technology Inc., USA) was used to measure the thickness of fat folds. The total fat mass 
(FM) was calculated by the formula FM ¼ 0:9� S� f � 1:3;whereS ¼ 100þ weightþ height � 160ð Þ=100 is the body 
surface, f is the average thickness of subcutaneous fat, and f ¼ f 2ð Þþf 3ð Þþf 4ð Þþf 5ð Þþf 6ð Þþf 7ð Þð Þ=6 � f 1ð Þð Þ=2. In 
calculating the fat mass, 8 skin-fat folds were taken into account, which is recommended to be used in anthropology 
in man.

Muscle mass was determined by the formula 6.5×height×R×R, where R is the average radius of the muscles and is 
calculated in turn by the formula R ¼ C 1ð ÞþC 2ð ÞþC 3ð ÞþC 4ð Þð Þ= 422; 14ð Þ� f1. C(1): forearm girth; C(2): shoulder girth; 
C(3): hip girth; and C(4): shin girth. The average thickness of the fat and skin layers on the body segments is f1. f1 was 
calculated by the formula f1 ¼ f 2ð Þþf 3ð Þþf 4ð Þþf 5ð Þð Þ=2, where f(2) is the forearm, f(3) is the shoulder behind, f(4) is 
the hip in front, and f(5) is the lower leg in back.

We assessed normality by Kolmogorov–Smirnov test using SPSS program. The data were processed using Microsoft 
Excel and Statistica 8.0 for Windows. The results of the study were processed by the method of variation statistics with 
estimation of reliability according to the Student’s criterion (t). The relationship of the signs was evaluated by Pearson 
correlation coefficient. The probability of error not exceeding 5% (p<0.05) was considered significant.

Results
Analyzing the anthropometry data, it should be noted that there are statistically significant (p < 0.05) differences between 
the height rates of the subjects in the first two age groups compared with the control group (Figure 1). No statistically 
significant differences (p > 0.05) were found when comparing the height of subjects over 60 years of age with a similar 
indicator of non-sports people of the same age.

Body weight is statistically significantly (p < 0.05) less in those who continue sports (70.7±10.2) classes after 60 
years compared with the control group (82.4±9.3) (Figure 2). When comparing the body weight of subjects over 60 who 
stopped sports training, as well as other age groups with a similar indicator of non-sports people of the same age, no 
statistically significant differences (p > 0.05) were found.

The anthropometric examination showed that the chest excursion was statistically significantly (p <0.05) greater in 
sports veterans than in the control group (Figure 3). At the same time, in former athletes who stopped training, the index 
of chest excursion does not statistically significantly differ from the similar indicator in subjects who do not engage in 
sports (p > 0.05).

It should be noted that there are statistically significant (p < 0.05) differences between the indicators of chest 
circumference in the age groups of 50–59 years and over 60 years in the subjects of the first and control groups. In 
active athletes, the chest circumference on exhalation is statistically significantly larger in comparison with the same 
indicator in subjects who stopped regular training. In addition, in the first group of patients over 60 years of age, chest 
mobility is higher (8.3±1.9) than in the second group (6.8±1.3), which is reflected in the statistically significant difference 
in chest excursion in these groups.

In the subjects of the first group aged from 40 to 49 (4551±612) and from 50 to 59 (4242±416), the FVC index was 
statistically and significantly (p < 0.05) higher than in the control group (3890±344 and 3786±401, respectively) 
(Figure 4). However, there were no statistically significant differences in this indicator from the control group in subjects 
older than 60 years (p > 0.05). Athletes who have stopped sports activities have a decrease in body fat with age. At the 
same time, at the age of 40–49, former athletes had a statistically significant (p < 0.05) higher FVC compared to people 
who do not engage in sports, and in the age groups of 50–59 years and older than 60 years, there were no statistically 
significant differences from the control group by a similar indicator (p > 0.05).
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Statistically significant differences (p < 0.05) in the dynamometry of veterans and subjects from the control group, but 
only in the first age group (Figure 5). In the remaining age groups of 50–59 years and older than 60 years, dynamometry 
indicators have no statistically significant differences (p > 0.05).

In sports veterans of all age groups, the shoulder circumference is statistically significantly (p < 0.05) higher than in 
the control group (Figure 6). Athletes who have stopped playing sports also have statistically significant (p < 0.05) 
differences from the control group in shoulder circumference, but these differences are not observed in the age group 
over 60 years. In addition, sports veterans have shoulder and forearm circumferences that are statistically significantly 
lower (p < 0.05) compared to former athletes who stopped training. Statistically significant differences (p < 0.05) in hip 
circumference with persons who have never engaged in sports are observed in sports veterans and former athletes who 
have stopped sports activities at the age of 40–49 years. The circumference of the lower leg in both sports veterans and 
those who stopped classes of all age groups are statistically significantly greater (p < 0.05) than in the control group. The 
results obtained may be associated with low-fat content and hypertrophy of limb muscles in sports veterans.

According to the study, the body area of all subjects has no statistically significant (p > 0.05) differences from the 
control group.

The body composition of veterans is characterized by a high level of muscle mass and a low level of fat mass 
(Figure 7). The percentage of adipose tissue was statistically significantly (p < 0.05) lower in the age groups over 50 
years in veterans (13.94±2.38) compared with former athletes who stopped training (15.92±2.22). There is also 
a statistically significant (p < 0.05) increase in both absolute and relative indicators of muscle mass in all age groups 
of sports veterans compared with the control group. At the same time, at the age of 40–49 years, the percentage of muscle 

Figure 1 Growth indicators of subjects of different ages, depending on the motor mode.
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tissue in sports veterans is statistically significantly higher (46.32±2.74) (p < 0.05) than in the group of athletes who 
stopped sports activities (44.09±5.29).

Discussion
A study conducted by Eime et al showed that older people make up about 10% of people involved in sports.6 At the same 
time, it was demonstrated that regular physical activity in old age is an effective means of improving the quality of life, 
psychophysical well-being, development and maintenance of participation in society, and social ties.16,17

Studies show that playing sports even at an older age is a preventive measure for many pathological conditions.5 So, 
in our previous study, the data obtained showed that sports veterans are less likely and to a lesser extent than people of 
the same age who have not previously engaged in sports; age-related changes and diseases of the cardiovascular system 
are detected with higher functional capabilities of the circulatory system and preservation of ways of adaptation to 
physical exertion characteristic of a younger age.

Aging has a detrimental effect on physiological functions, muscle mass, and muscle strength, which can be 
aggravated by low physical activity or adverse changes in body composition. As is known, in elderly patients, 
a decrease in muscle mass and low physical activity lead to lower metabolism, which, in turn, leads to weight gain 
and an increase in abdominal fat. A study by Perna et al,18 found that the phenotype of sarcopenic obesity is associated 
with inflammation, an increased risk of fractures, and a worse metabolic profile in general. At the same time, it is known 
that the accumulation of adipose tissue and/or the presence of an excessive number of macrophages infiltrating 
adipocytes is accompanied by an increase in the secretion of proinflammatory cytokines, such as interleukin-1, IL-6, 
and tumor necrosis factor-alpha (TNF-α). In addition, adipose tissue produces pro-inflammatory adipokines, due to which 

Figure 2 The body weight of the subjects of different ages depends on the motor mode.
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the effect of lipotoxicity against skeletal muscle cells is mediated, which makes a significant contribution to the 
pathophysiology of sarcopenia.19 Schrager et al20 showed in a large sample of elderly patients that the presence of 
central obesity positively correlates with the severity of systemic inflammation and negatively with muscle strength. In 
addition, there is a hypothesis according to which the infiltration of skeletal muscles by adipose tissue is associated with 
more pronounced inflammation compared to muscle tissue without such infiltration, thus establishing an important 
pathogenetic relationship between an increase in fat mass, the accumulation of triglycerides in muscles, and inflamma-
tion. The increase in leptin levels observed with age may be accompanied by the development of leptin resistance and 
a decrease in fatty acid oxidation, which contribute to the ectopic deposition of fat along with other tissues and into 
skeletal muscles, leading to their atrophy.21 According to the dynamometry results obtained by us, the muscle strength of 
sports veterans was statistically significantly different from similar indicators in the control group, which suggests 
a decrease in the development of sarcopenia and the process of inflammation in muscle tissue.

Other disorders have also been described, such as mitochondrial dysfunction, oxidative stress, and impaired function 
of stem cells in muscles.22 In addition, the contribution of inflammatory markers, including those secreted by adipocytes, 
to the development and progression of such classical CHD risk factors as obesity and hypertension is now reliably 
shown. Convincing evidence of the significant role of IL-6, CRP, homocysteine, and several other cytokines has been 
published.23 At the same time, regular physical activity, especially endurance exercises, contributes to a decrease in heart 
rate and blood pressure at rest, which acts protectively on the vessel wall and reduces cardiovascular risk.24 According to 
our previous study, the main hemodynamic indicators identified in the majority of sports veterans are characteristic not 
only of the lower limits of age variations but also of hemodynamic indicators in younger people. At the same time, the 
results of this study demonstrate that athletes who continue to train even in old age have a body composition with a lower 
proportion of adipose tissue and greater severity of the muscle frame. In general, conclusions can be drawn about the 
favorable cardiovascular profile of sports veterans compared to untrained individuals.

Thus, the lack of sufficient physical activity against the background of excessive energy consumption in old age increases 
the likelihood of adverse changes in body composition (ie, a decrease in muscle mass and an increase in body fat). In addition, 
periods of low physical activity disrupt the anabolism of muscle proteins and accelerate the progression of sarcopenia.25 Our 

Figure 3 Indicators of the chest circumference of subjects of different ages, depending on the motor mode.
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data show that sports veterans have a higher skeletal muscle mass index and less body fat than untrained individuals of the 
same age. In addition, the data obtained by measuring the circumference of the limbs also indirectly reflect the development of 
skeletal muscles. According to Figure 6, it is noticeable that the circumference of the limbs of untrained people is lower than 
that of sports veterans. This can be explained by the greater severity of muscle tissue atrophy in the control group of subjects. 
Muscle atrophy in the absence of regular training is related to the results of the study by McKengry et al. Colleagues have 
shown that sports veterans have a larger area of MHC I muscle fibers than untrained people of the same age. In addition, 
individuals who continue sports activities in old age demonstrate greater capillarization of MHC I and II fibers compared to the 
control group.1 Therefore, the continuation of structured endurance training promotes a favorable body composition and can 
bring important metabolic health benefits.

Some limitations of the study should be taken into account. Using the total muscle mass equation offers an 
approximate calculation. Despite this, it is an easy-to-use method that does not require expensive equipment and that 
has been tested and is widely used.

Conclusion
Our results show that veterans of gaming sports with an average training experience of 20 years or more demonstrate higher 
indicators of limb girth and muscle strength compared to untrained people of the same age. In addition, veterans of sports 
have a lower content of adipose tissue and greater severity of muscle. So, in the age group over 60, athletes who continue 
regular training have 1.5 times less total adipose tissue mass than in the control group. Also, the indicators of muscle mass in 
sports veterans are 1.2 times higher than similar indicators in the control group. The data presented by us shows the 
possibility of maintaining the physical function of skeletal muscles in elderly people. Sports activity throughout life allows 
you to maintain physical tone and prevent the development of sarcopenia. Thus, the data obtained by us show that sports 

Figure 4 Vital lung capacity subjects of different ages depending on the motor mode.
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activities contribute to an increase in the specific and nonspecific stability of the body, the maximum deployment of the 
capabilities of functional systems, including the circulatory system, and their long-term preservation, postponing the age- 
related decline in vital activity, and thus are essential for strengthening and preserving human health.

Figure 5 Dynamometry indicators of various muscle groups in subjects of different ages, depending on the motor mode.

Figure 6 The circumference of the limbs of subjects of different ages, depending on the motor mode.
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CHD, coronary heart disease; FM, fat mass; FVC, vital capacity.
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