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The effectiveness of short-term pulmonary rehabilitation
program in patients with comorbid asthma, chronic
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The effectiveness of pulmonary rehabilitation (PR) has not yet been established

in patients with asthma — chronic obstructive pulmonary disease overlap (ACO)

depending on their nutritional status. We aimed to evaluate the effectiveness of

a short-term PR program in patients with comorbid asthma, chronic obstruc-

tive pulmonary disease (COPD), and obesity. We included 40 ACO patients and

divided them into 3 groups according to body mass index (BMI) and then subdi-

vided them into PR (n=21) and control (n=19) groups. The COPD Assessment

Test (CAT), the Asthma Control Test (ACT), and the modified Medical Research

Council dyspnea scale (mMRS) were used to evaluate symptoms levels. BODE

index (body mass index, forced expiratory volume in one second, dyspnoea, and

6-min walk distance) was used to evaluate the effectiveness of pulmonary reha-

bilitation. In addition, spirometry and bioimpedansometry were performed. All

measurements were done before and after a 6-month PR program. A significantly

lower decline in the BODE index was observed in overweight patients (decreased

by 43.6% compared to baseline and lower by 40.7% compared to the control

group). The six-minute walking test (6MWT) significantly increased in all groups

(p<0.001). There was a decrease in total CAT score by 25.4% and by 31.2% in

the overweight group (p<0.001). The BMI decreased more in the obese group

(by 9.4% compared to baseline). Our study result showed that early use of PR

program significantly improves functional capacity and BODE index, leads to dys-

pnea and CAT scores reduction and improvement in pulmonary function, cause

a decrease in BMI, body fat percentage, and visceral fat level, and an increase in

muscle mass in overweight and obese patients with ACO.

BODE-index, ACO, obesity.

PR — pulmonary rehabilitation; ACO — asthma-COPD
overlap; COPD — chronic obstructive pulmonary disease; BMI — Body mass index;
CAT — COPD Assessment Test; ACT — Asthma Control Test; mMRS — modified
Medical Research Council dyspnea scale; 6MW'T — six-minute walking test; BODE
index — body mass index, forced expiratory volume in one second, dyspnoea, and
6-min walk distance; ICS — inhaled corticosteroid; GINA — Global Initiative for
Asthma; GOLD — Global Initiative for Obstructive Lung Disease; FEV1 — forced
expiratory volume in 1 second.
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There has been increasing recognition of the clinical overlap between asthma and chronic obstructive pulmonary disease (COPD) in
recent years, known as asthma-COPD overlap (ACO). Patients with ACO have more respiratory symptoms, more frequent exacerba-
tions and hospital admissions, lower quality of life, a more noticeable decline in lung function, and a higher mortality rate than those
with asthma or COPD alone [1-4]. Currently, special attention is being paid to various clinical manifestations of asthma and COPD,
along with markedly different patterns of chronic inflammation of the airways and lung parenchyma, and important comorbidities
that contribute to the severity of the disease in an individual patient. Obesity is one of the most common factors leading to pulmonary
dysfunction, causing injury to ventilation mechanics and being related to systemic inflammation [5, 6]. Physical inactivity and obesity
are linked to low-grade systemic inflammation, which may contribute to the inflammatory processes seen in many chronic diseases [7].
Pulmonary rehabilitation (PR) is widely accepted as the most effective non-pharmacologic management for chronic respiratory condi-
tions. Many studies have demonstrated its effectiveness in reducing symptoms of dyspnoea and fatigue, increasing exercise capacity, and
improving health-related quality of life [1, 8-11]. A PR program is associated with decreased dyspnea perception, anxiety, depression,
and increased exercise tolerance in patients with uncontrolled asthma [11] and COPD [12]. However, the effectiveness of PR has not
yet been proved in patients with ACO, depending on their nutritional status. The aim of the research was to evaluate the effectiveness
of short-term pulmonary rehabilitation program in patients with comorbid asthma, COPD, and obesity.

A total of 40 ACO patients (mean age 64.86£9.81 years) were recruited into the study, and following baseline assessment were divided
into three groups: normal body mass index (BMI 18.5-24.9) — n=13, overweight (BMI<25-29.9) — n=13, and obese patients (BMI=30)
n=14. Patients in all 3 groups were additionally subdivided into the PR group, which included 7 patients from each group (total n=21).
The effectiveness of PR was evaluated compared with the control group (n=19). There were no significant differences in baseline
demographic and clinical characteristics between PR and control groups. All subjects included were previously prescribed long-acting
bronchodilators in combination with inhaled corticosteroids (ICGS). The study was conducted from October 15, 2018, until February 10,
2020. All patients were included at the time of hospital admission due to exacerbation and received written and oral information about
the study and their right to withdraw. The inclusion criteria were as follows: diagnosis of asthma, COPD, age more than 40 years, and
spirometry with persistent airflow limitation, not fully reversible, but with current or historical variability. ACO was defined as the pres-
ence of features shared with both diseases and a similar number of features for asthma and COPD, according to the Global Initiative
for Asthma (GINA)/ the Global Initiative for Obstructive Lung Disease (GOLD) criteria [13].

The exclusion criteria were clinically significant orthopedic or cognitive impairment, any previous history of thoracic surgical interven-
tion, history of myocardial infarction, unstable cardiovascular disease (e.g, unstable angina, unstable arrhythmias), BMI<18.5, severe
renal impairment. The PR program included combined strength and endurance training five times a week for 30 minutes, education,
breathing techniques, psychological consulting, and dietetic support for obese patients. All patients were interviewed with a series of
questionnaires, including the COPD Assessment Test (CAT), the Asthma Control Test (ACT), and the modified Medical Research
Council dyspnoea scale (mMRS) for evaluation of the symptom level. Spirometry testing was performed using a computer spirograph
“BTL-08 SpiroPro” (Great Britain). To evaluate the effectiveness of PR, the BODE index (body mass index, forced expiratory volume
in one second, dyspnoea, and 6-min walking test (6MWT) (performed in accordance with the American Thoracic Society/European
Respiratory Society statement) was used. Weight and body composition variables were measured using a segmental body composi-
tion monitor (BC-601 Tanita, Japan). All measurements were done before and after a 6-month PR program. Data are presented as
meanztstandard deviation. The Mann-Whitney U test was used to compare differences between normal weight and obesity groups,
normal weight and overweight groups, and overweight and obesity groups. Wilcoxon signed-rank test was used to compare the outcome
variables in the PR and control groups at baseline and after six months. All statistical analyses were performed using SPSS Statistics 23.0.

Baseline forced expiratory volume in 1 second (FEV1) was lower in patients with normal BMI by 5.4% compared to patients with
obesity and 12.2% compared to overweight patients, but the difference was not significant (p>0.05) (Table 1). Overweight patients
had better dyspnoea status (the lowest MRC dyspnoea scale scores) than patients in the obese and normal BMI groups. No significant
difference was observed between the normal weight and overweight groups in ACQ-5, but the score was higher in patients with obesity.
According to the 6MWT, patients’ exercise capacity was significantly lower in the obese group compared to other groups. The analysis
of bioimpedansometry indicators demonstrated a significant difference in fat mass percentage between groups (p<0.001). There was a
tendency towards lower muscle mass and a higher fat mass percentage in all groups. The BODE index was not significantly different
between groups (Table 1). After six months, the BODE index decreased in each group reliably but was significantly lower in overweight
patients (decreased by 43.6% compared to baseline and was lower by 40.7% than the control group) (Table 2, Figurel). There was a
decrease in dyspnoea mMRC scale scores by 39.5% in the obese group and 45% in overweight patients (p=0.001). The 6MWT sig-
nificantly increased in all groups (p<0.001). There was a decrease in total CAT score by 25.4% and 31.2% in the overweight group
(p<0.001). The BMI was more decreased in the obese group (9.4% compared to baseline) than in the baseline group. The body fat
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Parameters
Age, years
BMI, kg/cm?

Smoking, index of pack-years
FEV1, % predicted

mMRC, points

CAT, points

ACQ-5 score

6MWT, m

BODE index, points

visceral fat level

% fat mass

Muscle mass, kg
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Obesity (BMI230) n=14
57.07+4.53
34.04+0.68

15.78+1.76
63.32+12.27
2.55+0.85
17.28+1.06
1.55+0.41
228.04+19.44
4.57+0.85
16.02+0.12
30.59£1.29

59.68+7.11

Overweight
(BMI<25-29.9) n=13

55.5£3.41
27.9+0.69

15+2.04
68.19+10.58
2.07+0.99
14.07+0.64
0.9+0.24
363.33+27.18
3.46+0.66
11.98+0.51
27.71£2.30

52.16%8.37

Normal weight

(BMI 18.5-24.9) n=13 p-value
56.75:4.22 >0.05
20.5+1.87 pz<o.po18?;'g?<1c’).oo1
15.31£1.75 >0.001
59.929.02 >0.05
2.73£0.59 >0.05
19.38:0.86 >0.05
0.84:0.22 >0.05
326+37.15 p1,p3<0.05; p2>0.05
436:0.76 >0.05
1011:0.16 p1,p3<0.001; p2=0.002
18.87+2.09 <0.001
52.87+7.45 >0.001

p1 - difference between normal weight and obesity groups; pz - difference between normal weight and overweight groups; ps - difference be-
tween overweight and obesity groups.

percentage and visceral fat level decreased by 13.6% and 19.7%, respectively, in obese patients. FEV1 increased slightly after the PR
program (by 5.1% in the overweight group, 6.1% in the obese group, and 4.2% in the normal BMI group) (Tables 2, 3 and 4).

The coexistence of asthma and COPD features increases the burden of disease and challenges current diagnostic and therapeutic strat-
egies, making the ACO a significant clinical entity. The GINA [1] and the GOLD [2] provided approaches for diagnosing and manag-
ing ACO; however, these recommendations are based mainly on expert opinion. PR is an important therapeutic approach for patients

Parameters Baseline (n=7) After 6-month (n=7) A% p-value
FEV1, % predicted 63.08+11.12 66.9+10.88 +6.1 <0.001
mMRC, points 2.43+0.53 1.47+0.53 -39.5 =0.001
CAT, points 17.71£1.79 13.2+1.82 -25.4 <0.001
ACQ-5 score 1.51+0.5 0.88+0.25 -41.4 =0.003
6MWT, m 226.71£14.03 265.43+11.31 +17.07 <0.001
BODE index 4.71x0.75 3.57+0.97 -24.2 <0.001
BMI, kg/cm? 34.02+0.97 30.82+0.89 -9.4 <0.001
visceral fat level 16.2+0.3 13+0.41 -19.7 <0.001
% fat mass 30.18+1.08 26.07+1.09 -13.6 <0.001
Muscle mass, kg 58.06£12.7 59.33+12.6 +2.2 <0.001
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Figure 1. BODE index at 6 months in PR and control groups.

with respiratory diseases. A randomized controlled trial showed the effectiveness of a comprehensive six-week PR program in patients
with ACOS (asthma-COPD overlap syndrome). It was reported that the 6-week PR program significantly improved functional capacity
and health-related quality of life and BODE index [5]. Our study lasted 6 months and demonstrated that the PR program was most
cffective in overweight and obese patients. In particular, in these groups, there was a reduction in dyspnoea, CAT scores, and improve-
ment in pulmonary function, as well as a more prominent increase in exercise tolerance. We found a significant improvement in 6MWT
after 6 months of the PR program, which agrees with the findings of previous investigations [12, 14]. Recent studies found no significant
differences in exercise capacity and health-related quality of life after PR in patients with COPD with different nutritional statuses. This

Table 3. Outcomes for overweight group before and after PR.

Parameters Baseline (n=7) After 6-month (n=7) A% p-value
FEV1, % predicted 67.6219.1 711£8.7 +5.1 <0.001
mMRC, points 2+0.8 1.1+0.69 -45 =0.001
CAT, points 13.71x0.5 9.43+0.78 -31.2 <0.001
ACQ-5 score 0.87+0.76 0.56+0.37 -35.8 =0.001
6MWT, m 363.33+27.18 416.71£13.02 +14.7 <0.001
BODE index 3.28+0.78 1.85+0.69 -43.6 =0.001
BMI, kg/cm? 27.85+0.67 26.2+0.85 -5.9 <0.05

visceral fat level 11.54+0.15 11.23:0.3 >0.05

% fat mass 27.03%1.76 25.32+1.09 >0.05

Muscle mass, kg 52.23+1.4 55.57+1.24 +6.4 <0.001
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Parameters Baseline (n=7) After 6-month (n=7) A% p-value
FEV1, % predicted 59.92+9.02 62.4+7.11 +4.2 >0.05
mMRC, points 2.73+0.59 2.1+0.34 >0.05
CAT, points 19.38+0.86 13.56+0.73 -30.0 =0.04
ACQ-5 score 0.82+0.42 0.68+0.25 171 =0.003
6MWT, m 326+37.15 355.43+10.2 >0.05
BODE index 4.35+0.52 2.75+0.34 -36.7 =0.02
BMI, kg/cm? 20.7+1.56 20.02+1.04 >0.05
visceral fat level 9.87+0.17 9.53+0.25 >0.05
% fat mass 18.37+2.18 18.17+1.6 >0.05
Muscle mass, kg 53.03+8.1 52.65+7.76 >0.05

study also found that the 6MWT significantly increased after the PR program in all groups, but the improvement was more prominent
in overweight and obese patients than individuals with normal BMI. Celli e al. suggested using the BODE index to assess the effective-
ness of rehabilitation programs [15]. We found that participation in the PR program was associated with a decrease in BODE index
score, especially for overweight patients (in this group, the BODE index was lower by 43.6% compared to the control group). So, we
suggest that the BODE index serves as a criterion for evaluating the short-term PR program in ACO patients with different nutritional
statuses. It is known that chronic respiratory diseases are often associated with muscle wasting [16]. Simultaneously, excess body weight
1s associated with low-grade systemic inflammation and mechanical alterations in the airways and lung parenchyma [17]. Consequently,
it is also important to analyze the body composition, including body fat percentage, visceral fat, and muscle mass. After 6 months of the
PR program, we observed a decrease in BMI, body fat percentage, visceral fat level, and an increase in muscle mass in overweight and
obese patients. We suggested that higher muscle mass could lead to a reduction of airflow obstruction in these groups.

Therefore, the analysis of the obtained data confirmed the effectiveness of the PR program in patients with comorbid asthma, COPD,
and obesity. However, key limitations in the current study were the small number of participants and that our study design did not allow
us to assess the optimal duration of the PR program. Therefore, future research is needed, and it is important to examine the effect of
long-term PR in the ACO population, especially in the precision medicine era.

Early use of PR program significantly improves functional capacity and BODE index, leading to dyspnoea and CAT score reduction
and improvement in pulmonary function, causing a decrease in BMI, body fat percentage, and visceral fat level and an increase in
muscle mass in overweight and obese patients with ACO.

The study is a fragment of the planned research work of the Department of Propedeutics of Internal Diseases of the Bukovinian State
Medical University— Medicamentic correction of metabolic and immunological disorders, intensity of systemic inflammation and en-
dothelial dysfunction in patients with comorbid cardiovascular and broncho obstructive diseases, musculoskeletal disorders and chronic
dermatoses (state registration number 0120U101550).

Conflict of interest
The authors declare no conflict of interest.

Ethical approval

This study was approved by the Committee on Bioethics of Higher State Educational Establishment of Ukraine, Bukovinian State
Medical University, (No 2/2019).

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 2 FEBRUARY 2022



JOURNAL of MEDICINE =nd LIFE

Consent to participate

Written informed consent was obtained from the participants in the study.

Authorship

OH and HS contributed to conceptualizing, OF and AB contributed to the methodology, OH contributed to writing the original draft,
HS and OF contributed to editing the manuscript, OH and AB contributed to data collection, OH and HS contributed to data analysis.

1. Global Initiative for Asthma. Global strategy for Asthma
Management and Prevention, 2020. Available from:
https://ginasthma.org/

2. Global Initiative for Chronic Obstructive Lung Disease.
Global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease.
2021 report. Available from https://goldcopd.org/

3. Cosio BG, Dacal D, Perez de Llano L.
Asthma-COPD overlap: identification and optimal
treatment. Therapeutic Advances in Respiratory Disease
2018;12:1753466618805662.

doi: 10.1177/1753466618805662.

4. Menezes AMB, Montes de Oca M, Pérez-Padilla R,
Nadeau G, et al. Increased risk of exacerbation and
hospitalization in subjects with an overlap phenotype:
COPD-asthma. Chest. 2014 Feb;145(2):297-304.

doi: 10.1378/chest.13-0622.

5. O’Donnell DE, Ciavaglia CE, Neder JA. When obesity and
chronic obstructive pulmonary disease collide. Physiological
and clinical consequences. Ann Am Thor: . 2014
May;11(4):635-44. doi: 10.1513/AnnalsATS.201312-438FR.

6. Dixon AE, Peters U. The effect of obesity on lung function.
Expert Rev Respir Med. 2018 Sep;12(9):755-767. doi:
10.1080/17476348.2018.

7. ten Hacken NH. Physical inactivity and obesity: relation to
ive pulmonary disease? Proc Am
3-7

asthma and chronic obstrus

Thorac Soc. 2009 Dec;6i

doi: 10.1513/pats.200907-070DP.

8. Corhay JL, Dang DN, Van Cauwenberge H, Louis R.
Pulmonary rehabilitation and COPD: providing patients
a good environment for optimizing therapy. Int J Chron
Obstruct Pulmon Dis. 2014;9:27-39.

doi: 10.2147/COPD.S52012.

9. McCarthy B, Casey D, Devane D, Murphy K, et al.
Pulmonary rehabilitation for chronic obstructive
pulmonary disease. Cochrane Database Syst Rev. 2015 Feb
23;(2):CGD003793. doi: 10.1002/14651858.CD003793.

10. Pitta E, Troosters T, Probst VS, Langer D, et al.
Are patients with COPD more active after pulmonary
rehabilitation? Chest. 2008 Aug;134(2):273-280.

doi: 10.1378/chest.07-2655.

11. Sahin H, Naz I. Comparing the effect of pulmonary
rehabilitation in patients with uncontrolled and partially
controlled asthma. J Asthma. 2019 Jan;56(1):87-94.

doi: 10.1080/02770903.2018.1443468.

12. Cheriamane D, Joshi V, Agarwal K, Purohit G, et al.
The effect of 6 week pulmonary rehabilitation in COPD-a
randomized control study. Chest 2013;144(4):785A.

doi: 10.1378/chest.1704651.

13. Global Initiative for Asthma and Global Initiative for
Chronic Obstructive Pulmonary Disease. Diagnosis and
initial treatment of asthma, COPD, and asthma-COPD
overlap. Available from:

http://ginasthma.org/download/824/

14. Lingner H, Ernst S, Grofhennig A, Djahangiri N, e al.
Asthma control and health-related quality of life one year
after inpatient pulmonary rehabilitation: the ProKAR Study.
J Asthma 2015;52(6):614-621.

doi: 10.3109/02770903.2014.996650.

15. Celli BR, Cote CG, Marin JM, Casanova C, et al. The
body-mass index, airflow obstruction, dyspnea, and exercise
capacity index in chronic obstructive pulmonary disease.

N Engl J Med. 2004 March 4;350(10):1005-12.

doi: 10.1056/NEJMoa021322.

16. Barreiro E, Jaitovich A. Muscle atrophy in chronic
obstructive pulmonary disease: molecular basis and potential
therapeutic targets. J Thorac Dis. 2018 May;10(Suppl
12):S1415-S1424. doi: 10.21037/jtd.2018.04.168.

17. Peters U, Suratt BT, Bates JHT, Dixon AE. Beyond BMI:
Obesity and Lung Disease. Chest. 2018;153(3):702-709.
doi: 10.1016/j.chest.2017.07.010.

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 2 FEBRUARY 2022



