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Abstract. CImportance of the determination and correction of metabolic changes in patients with chronic 
obstructive pulmonary disease (COPD) increases with each passing year. Nutritional disorders, sarcopenia, obesity 
or development of cachexia significantly affect the clinical manifestations of COPD, impair the quality of life of the 
patient and increase the risk of exacerbations, cardiovascular events and death. Thorough study of the relationship 
between COPD and the constitutional characteristics of the patient has allowed to describe four metabolic 
phenotypes, to develop a stratification scale for determining the risk of cardiovascular events and death. Etiological 
factors and pathogenesis of skeletal muscle dysfunction (SMD), as the most significant comorbid state in COPD, 
have been established. For diagnosis of SMD are proposed such methods as bio-impedancemetry with determining 
the amount of muscle tissue, hand grip dynamometer test and a 6-minute walk test to evaluate its functional 
capacity. According to our own studies, the incidence of SMD in patients with COPD was 34 %. It was associated 
with more severe symptoms, frequent exacerbations, the worst parameters of quality of life due to limiting motor 
activity. Correction of metabolic disturbances in COPD patients requires an integrated approach, which includes 
not only basic treatment, but also smoking cessation, protein-, amino acid- and vitamin D-enriched nutrition, 
increased physical activity, the use of anabolic steroids, personalized interval training. Based on European 
guidelines for the rehabilitation of patients with COPD and SMD, we have developed and offered a personalized 
set of physical exercises. The regular execution of this complex contributed to improving the quality of life and 
physical activity of a patient with severe COPD.
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The peculiarities of the clinical course of chronic 
obstructive pulmonary disease (COPD) in patients with 
different constitutional characteristics have attracted the 
attention of researchers for a long time.

In 1968, Filley et al. proposed to divide COPD 
patients, depending on constitutional changes and clin-
ical course of the disease, in 2 phenotypes: bronchial 
(Blue Bloater) and emphysematous (Pink Puffer) [7].

Patients with a bronchial type were characterized by 
overweight or obesity, had frequent exacerbations with 
worsening cough and sputum production. They usually 
had cardiovascular comorbidity, which in combination 

with bronchial and pulmonary involvement led to the 
formation of chronic cor pulmonale and development 
of heart failure. Patient had typical appearance — “Blue 
Bloater” [7].

In the case of emphysematous type, the course of 
COPD was stable with rare exacerbations. Progressive 
shortness of breath and domination of emphysematous 
changes in the lungs accompanied by muscle atrophy 
and weight loss were prevalent in clinical manifesta-
tions. The patient looked exhausted with enlarged tho-
rax and severe dyspnea — “Pink Puffer” [7].

Further studies of the relationship between constitu-
tional characteristics, specific features of metabolism 
and clinical course of COPD allowed the working group 
of experts of the European Respiratory Society (ERS) to 



40 REVIEWS AND OWN DATA 

ASTHMA AND ALLERGY • 2 • 2019
ISSN 2307-3373 DOI: 10.31655/2307-3373-2019-2-39-45

tributes to the development and progression of oxida-
tive stress, stimulates the processes of autophagy, pro-
teolysis, apoptosis, catabolism, increases the produc-
tion of myostatin. The processes of protein anabolism 
are suppressed, which in the complex leads to a disor-
der of regeneration, an increase in the destruction of 
muscles [3].

There are changes in myocytes of skeletal muscles: 
decreased density of mitochondria and the oxidant 
capacity of enzymes. The cell loses contact with capillar-
ies. These processes lead to an increase in rapidly 
expanding fibers, development of myofiber atrophy and 
formation of type II myocytes which are not capable of 
fully performing the function [3]. The skeletal muscle 
dysfunction (SMD), which is characterized by a decrease 
in their size, reduced strength, endurance, and increased 
fatigue develops in patient [20].

The key principles and methods for diagnosing SMD 
are presented in the recommendations of the European 
Working Group on Sarcopenia in Older People. Magnetic 
resonance imaging, spiral computed tomography, 
dual-energy X-ray absorptiometry (DXA) and bioelectri-
cal impedance are used to assess structural changes in 
muscle tissue. The first three methods are expensive and 
are not readily available for use in screening studies. 
However, the bioelectrical impedance analysis, which 
determines the content of fat, muscle tissue, body mass 
index — general and fat-free, and others, allows to objec-
tively and accurately assess the basic structural character-
istics of the patient’s body. The method is non-invasive, 
cost-effective and informative [5].

Hand grip dynamometer test of the dominant hand, 
measuring knee extensors muscle strength, cardio-re-
spiratory testing, dosed walk tests (6-minute walk test) 
are recommended for estimation of the functional abili-
ty of skeletal musculature. Among these methods, the 
hand grip dynamometer test and the 6-minute walk test 
are most commonly used, in contrast to measuring knee 
extensors muscle strength and cardio-respiratory test-
ing, which require additional, bulky equipment, special-
ly trained personnel, and additional conditions for 
conducting estimation [5].

According to a number of international studies, the 
prevalence of SMD in patients with COPD is observed 
in one-third of cases in the European continent. 
Disorders are even found in patients with mild bronchi-
al obstruction, according to GOLD 1-2. The SMD fre-
quency is increased in case of worsening airways con-
ductivity and reaches almost 40 % in patients with very 
severe obstruction (GOLD 4). The negative effect of 
skeletal muscle loss on COPD symptoms, quality of life 
of patients and increasing mortality rates was also 
proved [18, 22, 24].

With purpose to study of SMD influence on the 
clinical presentation, course of COPD and quality of life 
we investigated 143 patients with COPD, whose average 
age was (65.2 ± 11.3) years. COPD symptoms were 
assessed according to Order number 555 MOH of 
Ukraine (27.06.2013) [1] and GOLD 2019 recommen-

identify and describe four metabolic COPD phenotypes 
[23].

According to the current ERS Statement, COPD in 
patients without severe metabolic disturbances is char-
acterized by a stable course without significant structur-
al changes in the lung parenchyma revealed by comput-
ed tomography, normal structure and size of skeletal 
muscles with the prevalence of type I myocytes, absence 
or early signs of the atherosclerotic process of the large 
arteries, the normal amount of hypodermic and visceral 
fat [23].

The presence of cachexia in patients with COPD is 
accompanied by a progressive structural changes in the 
pulmonary tissue with the formation of emphysema, 
loss of bone tissue with the development of osteoporo-
sis, skeletal muscle atrophy with the replacement of 
myocytes type I by myocytes type II, resulting in loss of 
strength and endurance, significant reduction in the 
amount of subcutaneous and visceral fat. These changes 
lead to rapid progression of respiratory failure, even in 
the absence of frequent exacerbations [23].

COPD patients with obesity are more likely to have 
atherosclerosis of the aorta, cerebral and coronary arter-
ies than patients with other phenotypes, leading to the 
development of concomitant diseases of the circulatory 
system and increased risk of cardiovascular events and 
death. The clinical course of COPD is characterized by 
symptoms of bronchitis and frequent exacerbations. 
Chest computed tomography reveals bronchiectases 
formed due to prolonged progressive inflammation. 
This category of patients has increase amount of subcu-
taneous and visceral fat, normal characteristics of skele-
tal muscles [23].

Patients with COPD who do not have external signs 
of cachexia or obesity, but with decrease in the size, 
strength and endurance of skeletal muscle revealed 
during careful examination of the body composition are 
classified as sarcopenia group. They don’t have any 
domination in the structural changes of the bronchi and 
lungs — the same signs of emphysema and bronchitis. 
They don’t have significant atherosclerosis, osteoporo-
sis. The amount of visceral and subcutaneous adipose 
tissue is within the normal range or slightly increased. 
The course of the disease in such patients is accompa-
nied with frequent exacerbations, decreased physical 
activity and increased risk of death [23].

On the basis of the obtained data, a stratification 
scale was proposed for determining the risk of death and 
cardiovascular events in patients with COPD taking into 
account the features of the body structure.

Constitutional changes and nutritional disorders 
in patients with COPD develop due to the influence of 
a significant number of etiological factors, which can 
include genetic features, frequent exacerbations, meta-
bolic disorders, inappropriate nutrition, aging, the 
presence of chronic concomitant diseases, drug use, 
smoking, hypercapnia, acidosis, hypoxia, chronic sys-
temic inflammation. But the most significant is low 
physical activity. The interaction of these factors con-
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dations [25] with calculation of score of the COPD 
Assessment Test (CAT) and the Modified British 
Medical Research Council (mMRC) Questionnaire. 
Spirometry test after inhalation 400 mcg salbutamol was 
used for assessment of severity of bronchial obstruction 
according to GOLD classification. Frequency of COPD 
exacerbation in a year was estimated with data of medi-
cal records and patient’s notes.

Evaluation of the metabolic disorders was per-
formed with investigation of patients using monitor of 
body composition «OmronBF511». It defined body 
mass index (BMI), fat tissue, visceral fat. Presence of 
obesity was evaluated according to World Heath Care 
Organization recommendations on the base of BMI 
(body mass divided to square of height in meters): < 18.5 
kg/m2 — insufficient weight, 18.5–24.9 kg/m2 — normal 
weight, 25-29.9 kg/m2 — overweight, 30-34.9 kg/m2 — 
obesity I degree, 35-39.9 kg/m2 — obesity II degree, ≥ 40 
kg/m2 — obesity III degree. 

Revealing sarcopenia was grounded on the estima-
tion of skeletal muscle content, index of skeletal muscle 
(ISM), calculated as skeletal muscle mass divided to 
square of height in meters. The strength of skeletal mus-
cles was estimated using a dynamometer of hand 
DK-100. The criterion of sarcopenia was a decreased 
ISM ≤ 8.5 kg/m2 for male and ≤ 5.75 kg/m2 for female 
when combined with the reduction of the results of the 
hand grip dynamometer test < 27 kg for and < 16 kg for 
female [5].

Patient’s Quality of life was assessed with adopted 
for Ukraine version of Sent George Hospital 
Questionnaire (SGRQ).

We revealed a decrease in the size and strength of 
skeletal muscle in 50 (34.0 %) people. The assessment of 
the patient’s body composition in accordance with the 
recommendations of the European Working Group on 
Sarcopenia in Older People among 38 obese subjects 
(BMI ≥ 30) allowed to detect 6 (15.8 %) with signs of 
sarcopenia, among 27 patients with cachexia (BMI < 
18.5) this pathology was observed in 10 (37.0 %), among 
78 patients with normal or overweight (BMI = 18,0-29.9 
%) it was in 34 (43.6 %) cases. That is, according to our 
data, SMD is most commonly diagnosed in patients 
without significant malnutrition.

Analysis of main parameters of COPD course 
showed that exacerbations were more common in the 
groups of patients with cachexia and obesity, whereas in 
patients without metabolic disorders, the exacerbations 
during the year were almost twice lower (Table 1).

The evaluation of COPD symptoms by the CAT and 
mMRC scales was significantly worse in patients with 
cachexia, sarcopenia and obesity compared with patients 
without metabolic disorders.

The degree of bronchial obstruction according to 
the lung function test was the most severe in patients 
with cachexia and sarcopenia. FEV1 in obese patients 
and in patients without metabolic disorders did not dif-
fer statistically and corresponded to the moderate 
obstruction.

The analysis of quality of life parameters showed the 
worst condition in patients with cachexia. Somewhat 
better quality of life was in COPD patients with obesity 
and sarcopenia. At the same time, a more significant 
effect on the quality of life in patients with cachexia was 
limitation of physical activity, while in other groups of 
patients the symptoms of COPD had the greatest impact 
on the deterioration in quality of life.

Thus, our data show a significant modifying effect of 
metabolic disorders accompanied by SMD on the course 
of COPD.

On the basis of the data obtained from the study of 
COPD course in patients with changed body composi-
tion and SMD, a comprehensive approach to their man-
agement during the rehabilitation was developed. 
Patients are advised to stop smoking [15, 25]. Highly 
intensive interval training is developed individually [25, 
28, 29]. The nutrition correction includes increasing 
intake of foods enriched in protein, easily absorbed 
amino acids, and vitamin D [3, 10, 11,14]. Considering 
the proven positive effects of anabolic steroids on the 
function and structure of muscle tissue, in particular 
testosterone, oxandrolone, megestrol, growth hormone, 
they are recommended for personalized use [2, 13, 17, 
26, 27, 30]. On the other hand, the systemic corticoste-
roids use should be avoided.

Priority in management of COPD patient with SMD 
is to increase the level of daily physical activity [4, 6, 16, 
19].

T a b l e  1. Influence of SMD on the COPD course and quality of life

Indicators Cachexia
(n = 27)

Without 
metabolic 
dysorders 

(n = 30)

Obesity 
(n = 37)

Sarcopenia
(n = 49) p-value

Number of exacerbations during last 12 months 2.8 ± 1.7 1.5 ± 1.4 2.3 ± 1.5 1.7 ± 1.3 0.002
CAT, score 23.3 ± 8.1 14.9 ± 6.1 15.9 ± 8.1 17.7 ± 6.4 < 0.001
mMRC, score 2.9 ± 0.8 2.0 ± 0.9 2.6 ± 1.0 2.3 ± 1.1 0.004
FEV1, % predicted 32.7 ± 15.5 52.7 ± 17.7 54.6 ± 13.5 47.8 ± 15.3 < 0.001

Quality of life by Sent George Hospital Questionare
Sypmtoms, score 76.0 ± 15.5 66.6 ± 13.4 72.0 ± 13.9 71.5 ± 11.4 0.065
Activity, score 83.1 ±15.9 54.9 ± 17.1 64.9 ± 19.5 64.3 ± 21.5 < 0.001
Impact, score 61.7 ± 19.9 39.9 ± 17.0 46.9 ± 15.1 49.3 ± 13.7 < 0.001
Total,score 70.2 ± 15.9 48.8 ± 14.3 56.5 ± 14.3 57.3 ± 14.3 < 0.001
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T a b l e  2. Complex for training of patients with COPD and skeletal muscle dysfunction according 
to severity of bronchial obstruction

Parameters ОФВ1 відповідно до 
GOLD1

ОФВ1 відповідно до 
GOLD2

ОФВ1 відповідно до 
GOLD3

ОФВ1 відповідно до 
GOLD4

Diaphragm breathing RR = 10/min, 
duration 4 min

RR = 10/min, 
duration 3 min

RR = 10/min, 
duration 2 min

RR = 10/min, 
duration 1 min

Shoulder up 3 attempts 10 times 3 attempts 8 times 3 attempts 6 times 3 attempts 5times
Twisting on the spine mobility 3 attempts 10 times 3 attempts 10 times 3 attempts 10 times 3 attempts 10 times
Bringing hands behind 3 attempts 10 times 3 attempts 8 times 3 attempts 6 times 3 attempts 5 times
Twisting on the press 3 attempts 10 times 3 attempts 10 times 3 attempts 5 times 3 attempts 5 times
Squatting 3 attempts 10 times ¾ amplitude, 3 

attempts 10 times
½ amplitude, 3 

attempts 10 times
1/4 amplitude, 

3 attempts 5 times
Taking legs standing 3 attempts 10 times 3 attempts 10 times 3 attempts 10 times 3 attempts 10 times
Bowing legs standing 3 attempts 10 times 3 attempts 10 times 3 attempts 10 times 3 attempts 10 times
Lifting on toes 3 attempts 20 times 3 attempts 15 times 3 attempts 10 times 3 attempts 5 times
Diaphragm breathing RR = 10/min, 

duration 4 min
RR = 10/min, 

duration 3 min
RR = 10/min, 

duration 2 min
RR = 10/min, 

duration 1 min

Individual program of physical activity is performed 
to reduce the sensitivity of the central nervous system to 
dyspnea, to reduce anxiety and depression, to reduce 
dynamic hyperinflation and to correct the SMD [4].

In accordance with the official recommendations of 
the American Thoracic Society and the European 
Respiratory Society for pulmonary rehabilitation of 
patients with COPD, physical activity is distributed:
• endurance muscle training, which can be high-in-

tensity, low-intensity and interval,
• strength training, which includes training the 

extremities, respiratory muscles and the develop-
ment of flexibility,

• transcutaneous neuromuscular electrical stimula-
tion, which allows adjusting the duration and inten-
sity of working certain skeletal muscle groups, espe-
cially in patients who are significantly restricted in 
physical activity.
The interval endurance training in combination 

with individualized exercises that increase spinal flexi-
bility and muscle strength of the limbs and the chest is 
the most effective and convenient for COPD patient.

When developing an individual program of physical 
activity for a patient with cardio-respiratory diseases, 
one should keep in mind a number of limitations for 
performing them. Usually, patients have disorder of gas 
exchange and conductivity of airways, respiratory mus-

cle dysfunction, which reduces oxygen supply to work-
ing skeletal muscles. The presence of coronary insuffi-
ciency and heart failure, SMD significantly limit the 
motor activity of the patient due to the direct relation-
ship between the physical exertion and the deterioration 
of symptoms [8, 9, 12, 20, 21]. Therefore, the patient has 
a low level of motivation for physical activity. He needs 
a continued explanatory work, consulting and motivat-
ing support, developing the safe, easy and enjoyable 
exercise complex that would create a positive and opti-
mistic mood for him. Only in such conditions, the reha-
bilitation of the patient will be successful and will con-
tribute to improving the course of COPD, the correction 
of SMD.

A systematic review of publications aimed at deter-
mining the effect of increasing physical activity on the 
condition of COPD patients, performed by Gimeno-
Santos E et al, revealed decreasing the risk of exacerba-
tions and mortality in case of increased physical activity 
[8].

Based on the recommendations of the American 
Thoracic Society and the European Respiratory Society 
for the rehabilitation of patients with COPD and SMD 
[21], we have developed a personalized set of 10 simple 
exercises (Table 2). Duration and intensity of training 
depends on the physical condition of the patient, the 
severity of his obstruction and the limitation of motor 
activity. Exercises are recommended to be performed at 
least twice a day, before eating.

The complex of these exercises was offered to 28 
patients who completed inpatient treatment for COPD 
exacerbation. Everyone was given a motivational con-
versation. Instructions were given for explaining how to 
perform exercises. The first 3-4 trainings under the 
supervision of the instructor were conducted. There 
were 23 patients who agreed to perform a set of exercis-
es in the hospital. However, only 15 patients continued 
the training after the discharge.

In Table 3 we present the data of the patient K., 70 
years, with more than 10 years’ history of COPD, who 
performed exercises for 6 weeks. 

The main symptoms of COPD have not changed. 
However, we found an improvement in the patient’s 

T a b l e  3. Dynamics of the main symptoms and signs of COPD, 
quality of life and signs of DSM in the patient K., 
on the background of a regular implementation 

of the personalized complex of physical exercises

Parameters
Before 

physical 
exercise

After 6 weeks of 
training

CAT, score 23 21
mMRC, score 3 3
Quality of life (SGRQ),score 80.1 71.6
Skeletal Muscle index, kg/m2 6.7 7.5
6-minutes’ walking test, m 60 75
Hand grip dynamometry, % 72,6 83
Spirometry, FEV1, % predicted 42 42
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quality of life, an increase in the skeletal muscle index, 
the length of the distance during a 6-minute test, and 
data of hand grip dynamometry.

Thus, metabolic disturbances and development of 
SMD in patients with COPD have a significant negative 
effect on the course of the disease, increasing the risk of 

exacerbations, cardiovascular events and death, and sig-
nificantly decreases the quality of life of the patient.

For their correction, a set of measures should be 
used that include smoking cessation, rationalization of 
nutrition, use of anabolic hormones, personalized inter-
val training and increased physical activity.

REFERENCES
1. Order of the Ministry of Health of Ukraine №555 from June 27, 2013 “Pro zatverdzhennia 

ta vprovadzhennia medyko-tekhnolohichnykh dokumentiv zi standartyzatsii medychnoi 
dopomohy pry khronichnomu obstruktyvnomu zakhvoriuvanni lehen (On approval 
and implementation of medical-technological documents on standardization of medical 
care in chronic obstructive pulmonary disease)”. Kyiv, 2013:146p. URL: http://www.
moz.gov.ua/ua/portal/dn_20131008_0868.html (Last accessed 29.05.2019).

2. Afzal S, Lange P, Bojesen SE, et al. Plasma 25-hydroxyvitamin D, lung function and 
risk of chronic obstructive pulmonary disease. Thorax. 2014;69:24–31. doi: 
10.1136/thoraxjnl-2013-203682.

3. Barreiro E, Gea J. Molecular and biological pathways of skeletal muscle dysfunction 
in chronic obstructive pulmonary disease. Chronic Respir Dis. 2016;13:297–
311. doi: 10.1177/1479972316642366.

4. Casaburi R, Zu Wallack R. Pulmonary rehabilitation for management of chronic 
obstructive pulmonary disease. N Engl J Med. 2009;360(13):1329–1335. doi: 
10.1056/NEJMct0804632.

5. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European consensus on 
definition and diagnosis: Report of the European Working Group on Sarcopenia in 
Older People. Age Ageing. 2010;39(4):412–23. doi: 10.1093/ageing/afq034.

6. De Novaes Rocha N, Vasconcellos de Oliveira M, Lisboa Braga C, et al. Ghrelin 
therapy improves lung and cardiovascular function in experimental emphysema. 
Respiratory Research. 2017;18: doi.org/10.1186/s1231-017-0668-9.

7. Filley GF, Beckwitt HJ, Reeves JT, et al. Chronic obstructive bronchopulmonary 
disease II. Oxygen transport in two clinical types. Am J Med. 1968;44:26–38.

8. Gimeno-Santos E, et al. Determinants and outcomes of physical activity in patients 
with COPD: a systematic review. Thorax. 2014 Aug;69(8):731–739. doi: 10.1136/
thoraxjnl-2013-204763.

9. Gosselink R, Troosters T, Decramer M. Peripheral muscle weakness contributes to 
exercise limitation in COPD. Am J Respir Crit Care Med. 1996 Mar;153(3):976–80.

10. Janssens W, Lehouck A, Carremans C, et al. Vitamin D beyond bones in chronic 
obstructive pulmonary disease: time to act. Am J Respir Crit Care Med. 
2009;179(8):630–6. doi: 10.1164/rccm.200810-1576PP.

11. Janssens W, Bouillon R, Claes B, et al. Vitamin D deficiency is highly prevalent in 
COPD and correlates with variants in the  vitamin D-binding gene. Thorax. 
2010;65(3):215–20. doi: 10.1136/thx.2009.120659.

12. Killian KJ,  Jones NL. Respiratory muscles and dyspnea. Clin Chest 
Med.1988;9(2):237–48.

13. Kunisaki KM, Niewoehner DE, Singh RJ, et al. Vitamin D status and longitudinal 
lung function decline in the Lung Health Study. Eur Respir J. 2011;37:238–243. doi: 
10.1183/09031936.00146509.

14. Lange NE, Sparrow D, Vokonas P, et al. Vitamin D deficiency, smoking, and lung 
function in the Normative Aging Study. Am J Respir Crit Care Med. 2012;186 
616–621. doi: 10.1164/rccm.201110-1868OC.

15. Laviolette  L, Lands LC, Dauletbaev N, et al. Combined effect of dietary 
supplementation with pressurized whey and exercise training in chronic obstructive 
pulmonary disease: a randomized, controlled, double-blind pilot study. J Med 
Food. 2010;13(3):589–98. doi: 10.1089/jmf.2009.0142.

16. Lehouck A, Mathieu C, Carremans C, et al. High doses of vitamin D to reduce 
exacerbations in chronic obstructive pulmonary disease: a randomized trial. Ann 
Intern Med. 2012;156:105–114. doi: 10.7326/0003-4819-156-2-201201170-00004.

17. Maltais F, Decramer M, Casaburi R, et al. An Official American Thoracic Society/
European Respiratory Society Statement: Update on Limb Muscle Dysfunction in 
Chronic Obstructive Pulmonary Disease. Am J Respir Crit Care Med. 
2014;189(9):e15–e62. doi: 10.1164/rccm.201402-0373ST.

18. Mostert R, et al. Tissue depletion and health related quality of life in patients with 
chronic obstructive pulmonary disease. Respiratory medicine. 2000;94.9:859–867.

19. Pison CM, Cano NJ, Cherion C, et al. Multimodal nutritional rehabilitation 
improves clinical outcomes of malnourished patients with chronic respiratory 
failure: a randomized controlled trial. Thorax. 2011;66:953–960. doi: 10.1136/
thx.2010.154922.

20. Puig-Vilanova E, Rodriguez DA, Lloreta J, et al. Oxidative stress, redox signaling 
pathways, and autophagy in cachectic muscles of male patients with advanced 
COPD and lung cancer Free Radic Biol Med. 2015;79:91–108. doi: 10.1016/j.
freeradbiomed.2014.11.006.

21. Rochester CL, Vogiatzis I, Holland AE, et al. An Official American Thoracic 
Society/European respiratory Society Policy Statement: Implementation, Use, and 
Delivery of Pulmonary Rehabilitation. Am J Respir Crit Care med. 
2015;192(11):1373–1386. doi: 10.1164/rccm.201510-1966ST.

22. Schols  Annemie MWJ, et al. Body composition and mortality in chronic 
obstructive pulmonary disease.  The American journal of clinical nutrition. 
2005;82,1:53–59.

23. Schols AM, Ferreira IM, Franssen FM, et al. Nutritional assessment and therapy in 
COPD: a European Respiratory Society statement. Eur Respir J. 2014;44:1504–
1520. doi: 10.1183/09031936.00070914.

24. Seymour JM,  Spruit MA,  Hopkinson NS, et al. The prevalence of quadriceps 
weakness in COPD and the relationship with disease severity. Eur Respir 
J. 2010;36(1):81–8. doi: 10.1183/09031936.00104909.

25. Singh D, Agusti A, Anzueto A, et al. Global Strategy for the Diagnosis, Management, 
and Prevention of Chronic ObstructiveLung Disease: the GOLD science committee 
report 2019. Eur Respir J. 2019.18;53(5). doi: 10.1183/13993003.00164-2019.

26. Sinha A, Hollingsworth KG, Ball S, et al. Improving the vitamin D status of vitamin 
D deficient adults is associated with improved mitochondrial oxidative function in 
skeletal muscle. J Clin Endocrinol Metab. 2013;98(3):E509–13. doi: 10.1210/
jc.2012-3592.

27. Stockton KA, Mengersen K, Paratz JD, et al.Effect of vitamin D supplementation on 
muscle strength: a systematic review and meta-analysis. Osteoporos Int. 2011 
Mar;22(3):859–71. doi: 10.1007/s00198-010-1407-y.

28. Vogiatzis I, Simoes DCM, Stratakos G, et al. Effect of pulmonary rehabilitation on 
muscle remodeling in cachectic patients with COPD. Eur Respir J. 2010;36:1–10. 
DOI:10.1183/09031936.00112909.

29. Vogiatzis I, Terzis G, Stratakos G, et al. Effect of pulmonary rehabilitation on 
peripheral muscle fiber remodeling in patients with COPD in GOLD stages II to IV. 
Chest. 2011;140(3):744–752. doi: 10.1378/chest.10-3058. 

30. Yeh S, Tsai MY, Xu Q, et al. Generation and characterization of androgen receptor 
knockout (ARKO) mice: an in vivo model for the study of androgen functions in 
selective tissues. Proc Natl Acad Sci USA. 2002 Oct 15;99(21):13498–503.

Received: 06.06.2019
Accepted after revision: 11.06.2019

V. Demchuk 
ORCIDiD
https://orcid.org/0000-0003-0509-6948

M. Mostovoy 
ORCIDiD
https://orcid.org/0000-0002-7041-1230

L. Poberezhetz
ORCIDiD
https://orcid.org/0000-003-2581-824X


