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Purpose: Pulmonary rehabilitation programs (PR) are an important part of the comprehensive treatment of patients with chronic
pulmonary diseases. Patients respond individually to PR. The aim of this study is to identify potential predictors of success of PR to
recognise patients who benefit most and to uncover possible reasons for poor response to PR.

Patients and Methods: We included 121 patients with chronic obstructive pulmonary disease (COPD) who completed our 4-week
inpatient PR without any exacerbations of disease during PR that could potentially affect PR outcomes. Improvement in distance of
>30 m on the 6-minute walk test (6MWT) after PR was chosen as a primary marker of physical success. Ninety-one patients achieved
improvement of >30 m on the 6MWT and were thus considered good responders, and 30 patients were poor responders with
improvement in the distance of <30 m on the 6MWT.

Results: We compared baseline clinical characteristics, medication, lung function, physical capacity, body composition, and labora-
tory blood tests between groups of good and poor responders. The most prominent differences between groups were associated with
differences in baseline body composition and erythrocyte-related parameters. Good responders had significantly lower body water
content (p = 0.042) and higher body weight (p = 0.036), body fat content (p = 0.049), dry lean mass (p = 0.021), haemoglobin levels
(p = 0.040), erythrocyte count (p = 0.017), haematocrit (»p = 0.030) and iron level (p = 0.028).

Conclusion: A more muscular body composition and a higher ability to transport oxygen from the blood to the muscles could be
beneficial for the outcome of PR.

Plain Language Summary: Pulmonary rehabilitation programs (PR) are important part of management of patients with chronic
obstructive pulmonary diseases and other chronic pulmonary diseases. Nevertheless, PR are sparsely available to patients, and patients
respond to PR individually. Our study will help identify patients who benefit most from PR and find possible reasons why the physical
condition of some patients does not improve with PR. Only patients with chronic obstructive pulmonary disease who completed
inpatient pulmonary rehabilitation program without any exacerbations of disease that could potentially affect PR outcomes were
included in this study to determine what baseline patient characteristics could predict good and poor responders to PR. The results of
our study suggest that a more muscular body composition and a higher ability to transport oxygen from the blood to the muscles could
be beneficial to the outcome of PR. We suggest that before sarcopenic or anaemic patients are referred for PR, special care should first
be taken to address and remedy their condition to maximise their physical gain in PR.
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Introduction

Pulmonary rehabilitation programs (PR) are an important part of the comprehensive treatment of patients with chronic
obstructive pulmonary disease (COPD). It is a multidisciplinary program involving interventions from doctors, physical
therapists, nurses, dietitians, social workers, psychologists, and occupational therapists. PR also yielded favourable effects in
other chronic pulmonary diseases, such as interstitial lung diseases, asthma and bronchiectasis, by ameliorating symptoms,
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increasing physical performance, reducing exacerbations and medical costs, and thereby improving patient quality of life.'
However, the response to PR varies individually, as only some of the expected results and even no improvement at all have been
observed in the so-called “nonresponders” or “poor responders”. The exact reasons for such variation are poorly understood.*®

Although several predictors of success of PR have been identified in studies, their application and comparison are often
limited because of differences in rehabilitation programs, enrolled patients, duration of programs, and markers of success. In
a study by Troosters and coworkers, ventilatory reserve, inspiratory muscle strength and peripheral muscle strength were
found to be significant predictors of training success.” Using multidimensional response profiling, Spruit and coworkers
showed that patients in the “very good responder” cluster had a higher number of dyspnoea symptoms, a higher number of
hospitalisations in the past 12 months, poorer physical performance, poorer performance and satisfaction scores for proble-
matic activities of daily life, more symptoms of anxiety and depression, poorer health status, and a higher proportion of
patients following an inpatient PR program compared with patients in the other three clusters.” Garrod and coworkers found
that patients baseline characteristics were poor predictors of response to PR, and less improvement was detected only in
patients with a high Medical Research Council dyspnoea scale (MRC) grade 5.* Jones and coworkers also showed that
sarcopenia did not affect the response to PR.* Walsh and coworkers recognised lower baseline quadriceps strength as an
independent predictor of response to PR, whereas baseline physical activity or dyspnoea grade could not identify responders.”
Furthermore, Tunsupon and coworkers found that physical capacity improved in patients regardless of body composition.'”
Moreover, Barberan-Garcia and coworkers reported a negative association between nonanaemic iron deficiency and aerobic
capacity before and after endurance training in COPD patients. "’

Since PR is sparsely available to patients, the objective of this study is to identify potential clinical, physiological, or
biochemical markers associated with the success of PR. Our study will help identify patients who benefit most from PR and
possible reasons why the condition of some patients does not improve with PR. One of the most commonly used markers of
success in PR, improvement in the 6-minute walk test (6MWT),'? was chosen as the primary marker of success in this study.

Subjects and Methods
Subjects

We collected data from 192 consecutive patients with chronic pulmonary diseases who enrolled in our inpatient PR
program from May 2017 to August 2021. Only COPD patients who completed PR without an exacerbation of the disease
during PR that could affect their progress were included in the final analysis (Figure 1). Inclusion criteria include all
consecutive patients with COPD who were identified as PR candidates and enrolled in our PR program. All patients with
other chronic pulmonary diseases without concomitant COPD, patients with COPD who ended the PR program
prematurely or who completed the PR program but had exacerbation of disease during the PR due to which the PR
program had to be stopped or modified were excluded from the study.

Methods

We used the improvement in distance walked on the 6MWT to identify baseline clinical, physiological, or biochemical
parameters potentially associated with a gain in physical performance during PR. An increase in distance of >30 m on the
6MWT is an appropriate marker of success according to the guidelines and other similar studies.>'° Patients who
improved their distance on the 6MWT by >30 m after PR were identified as good responders, others were identified as
poor responders. Data were collected and analysed retrospectively. All patients signed an informed consent form and
agreed to anonymous analysis of their data for study purposes. The study was approved by The National Medical Ethics
Committee of the Republic of Slovenia, Ministry of Health of the Republic of Slovenia (approval no. 0120-284/2020/6).
Our study fully complies with the Declaration of Helsinki.

We performed our standard 4-week inpatient PR at the University Clinic of Respiratory and Allergic Diseases Golnik.
Before and after the PR, the COPD assessment test (CAT), MRC, St. George’s respiratory questionnaire (SGRQ), 6(MWT,
incremental shuttle walk test (ISWT), endurance shuttle walk test (ESWT), cycle endurance test (CET), cycloergospirometry,
maximal inspiratory pressure (MIP), maximal expiratory pressure (MEP), dynamometry, and assessment of body composi-
tion were performed. Laboratory tests and respiratory function tests were performed only before PR.
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192 patients enrolled
in inpatient PR

163 (85%) patients
completed PR

29 (15%) prematurely

27 (14%) patients
completed PR with
exacerbation of
disease

136 (71%) patients
completed PR without
exacerbation of
disease

121 (63%) COPD
patients completed PR
without exacerbation

15 (8%) patients with
other pulmonary
disease completed PR
without exacerbation

91 (75%) patients
improved distance in
6MWT more than 30 m
after PR

30 (25%) patients
improved distance in
6MWT less than 30 m

after PR

Figure | Patient inclusion flow chart.

Our multidisciplinary team includes a physical therapist, doctor, nurse, clinical dietitian, clinical psychologist and
social worker. We assessed the physical status of the patients, and the doctor prescribed an appropriate training level
according to the initial test before PR. During PR, all physical exercises were performed under the supervision of
physical therapists. The program was balanced and included strength and endurance exercises on bicycle, treadmill, and
leg press, each alternating 2-3 times per week, muscle electrostimulation twice daily, and daily breathing exercises,
balance exercises, stair walking and relaxation exercises. Before PR, a clinical psychologist performed individual talks
with patients. Thereafter, patients had group sessions twice a week and individual sessions as needed. The social worker
performed individual interviews to identify possible social problems and provided social help as needed. The nurse
educated patients about their disease and checked their inhalation therapy techniques. The clinical dietitian measured
weight and height to calculate body mass index (BMI). Body composition was determined by bioelectrical impedance
(BIA) using Bodystat QuadSCAN 4000 (Bodystat Ltd. Isle of Man, UK).'” Those patients who had lost weight in the
past or whose FEMI was below 17 kg/m? were prescribed nutritional supplements during and after PR. Laboratory data

were obtained in our accredited laboratory using standard methods and validated tests.

Statistical Analysis

Data were collected and analysed using Microsoft Excel 2016 (Microsoft Corporation, Washington, USA), GraphPad
Prism for Windows 9.4.1.681 (GraphPad Software, California, USA), and R Statistical Software 2020 (R Foundation for
Statistical Computing, Vienna, Austria). Normality was assessed using the Shapiro—Wilk test. Paired data were compared
using the paired-t/Wilcoxon signed-rank test as appropriate. Differences between samples were evaluated using the t/
Mann—Whitney U-test. A p value of <.05 was considered statistically significant. Data in the tables are presented as the
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mean + standard deviation (SD) or frequencies and percentages. To account for interrelations between the observed
variables that differed significantly between the good and the poor responders, the variables were used in multiple logistic
regression model. We also performed backward and forward selection of predictors using full and null models,
respectively (R Foundation for Statistical Computing, Vienna, Austria).

Results

Good and Poor Responders Based on 6MWT

Our results showed a beneficial effect of PR in COPD patients based on the 6MWT. Before PR, the distance walked on the
6MWT (342.9 + 108.8 m; min 110 m, max 600 m) was significantly less (p <.0001) than the distance walked after PR (400.1 +
106 m; min 160 m, max 635 m). Patients improved their distance by 57.2 £ 54.8 m (min —127 m, max 240 m). Overall, 91
patients improved their distance by 30 m or more (good responders), and 30 patients improved their distance by less than
30 m (poor responders). In the good responder group, patients walked a distance of 334.3 + 112 m (min 110 m, max 600 m)
before PR and a distance of 411.9 £ 104 m (min 160 m, max 635 m) after PR on the 6MWT. The distance walked on the
6MWT in the poor responder group was 368.8 +95.5 m (min 182 m, max 555 m) before PR and 364.2 = 105.6 m (min 200 m,
max 570 m) after PR. In contrast to the difference walked after PR (p = 0.045), there was no statistically significant difference
in the distance walked on the 6MWT between groups before PR (p = 0.133).

Basic Clinical Characteristics and Therapy

A total of 163 (85%) of the 192 patients with chronic pulmonary diseases completed PR, and 121 (63%) patients with
COPD completed PR without exacerbations of COPD that could potentially affect the outcome of rehabilitation.
Therefore, only these 121 patients were included in the study (Figure 1): 79 (65%) men with a mean age of 65.9 +
7.1 years and 42 (35%) women with a mean age of 63.9 + 7.6 years. Twenty-three (19%) patients received long-term
oxygen therapy (LTOT), and 43 (36%) patients were prescribed nutritional supplements during rehabilitation. Each
patient smoked at least once in the lifetime; 96 (79%) patients were ex-smokers, and 25 (21%) were current/active
smokers who smoked 42.9 £ 26.5 packs/year (min 1.25, max 150).

Besides COPD, 93 (77%) patients had at least one other diagnosis. The most common comorbidities included
decreased bone mineral density — osteopenia, diagnosed in 42 (35%) patients, and osteoporosis in 54 (45%) patients.
Moreover, 53 (44%) patients had arterial hypertension, and 15 (12%) suffered from diabetes. Psychological examination
revealed anxiety in 11 (9%) patients, depression in 15 (12%), and combined anxiety and depression disorder in 33 (27%)
patients. In addition, 26 (21%) patients lived alone, while others lived with family members or partners.

There were no statistically significant differences between the good responder group and poor responder group in the
abovementioned basic clinical parameters as detailed in Table 1.

During PR, patients received ongoing medical therapy as prescribed by their pulmonologist. Bronchodilators
were prescribed to 118 (97%) patients, either long-acting muscarinic antagonists (LAMA) (110 patients; 91%) or
beta-2 agonists (118 patients; 97%). Fourteen (12%) patients received dual bronchodilator therapy, 102 (84%)
patients received inhaled corticosteroid, and 95 (78%) patients received triple inhaled therapy including inhaled
steroids. Thirty-eight (31%) patients received theophylline and 13 (11%) patients received other pulmonary therapy
in addition to inhaled therapy (7 (6%) azitromicin, 2 (2%) roflumilast, 1 (1%) mucolytic, 1 (1%) nintedanib, 1 (1%)
omalizumab, 1 (1%) montelukast, 2 (2%) metilprednisolone). Combined inhaled therapy was as follows: 4 (3%)
patients used only a bronchodilator or LAMA, 14 (12%) used a beta-2 agonist bronchodilator and LAMA, 7 (6%)
used an inhaled steroid and a beta-2 agonist bronchodilator, and 95 (78%) patients received triple inhaled therapy
with an inhaled steroid, a beta-2-adrenergic agonist, and LAMA. Prescribed medical therapy did not affect the
response to PR between groups, either by individual drug class or by combination of inhaled therapy. Detailed data
can be found in Table 2.
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Table | Clinical Characteristics of Patients

All Good Responders | Poor Responders P value
(n=121) (n=91) (n =30)

Age [years] 652 %73 649 £ 74 663 7.0 0.398
Sex (male) 79 (65%) 63 (69%) 16 (53%) 0.648
LTOT 23 (19%) 15 (16%) 8 (22%) 0.282
Nutritional supplements 43 (36%) 30 (33%) 13 (43%) 0.379
SMOKING STATUS
Active smoker 25 (22%) 19 (21%) 6 (20%) 0.500
Former smoker 96 (79%) 72 (79%) 24 (80%) 0.350
COMORBIDITIES
Decreased bone density 96 (79%) 71 (78%) 25 (83%) 0.707

Osteoporosis 54 (45%) 31 (34%) 1l (37%)

Osteopenia 42 (35%) 40 (44%) 14 (47%)
Arterial hypertension 53 (44%) 43 (47%) 10 (33%) 0.208
Diabetes 15 (12%) I (12%) 4 (13%) 1.000
MENTAL HEALTH & SOCIAL STATUS
Anxiety 11 (9%) 31 (34%) 13 (43%) 0.387
Depression 15 (12%) 33 (36%) 15 (50%) 0.202
Living alone 26 (21%) 17 (19%) 9 (63%) 0.206

Notes: Data are presented as the number of subjects (percentages) except for age, where the mean * SD is shown; p values show statistical

significance between good and poor responders.
Abbreviation: LTOT, long-term oxygen treatment.

Table 2 Medical Therapy of Patients Before/During PR

All Good Responders | Poor Responders | P value
(n=121) (n=291) (n =30)

Bronchodilator 118 (97%) 90 (99%) 29 (97%) 0.436
Inhaled steroid 102 (84%) 75 (82%) 27 (90%) 0.398
LAMA 110 (91%) 82 (90%) 28 (93%) 0.729
Theophylline 38 (31%) 25 (27%) 13 (43%) 0.117
Others 13 (11%) 7 (8%) 6 (20%) 0.085
COMBINATION OF INHALED MEDICATIONS

Bronchodilator or LAMA 4 (3%) 4 (4%) 0 (0%) 0.571
Bronchodilator and LAMA 14 (12%) 12 (13%) 2 (7%) 0.513
Inhaled steroid and bronchodilator 7 (6%) 6 (7%) 1 (3%) 0.679
Triple inhaled therapy 95 (78%) 69 (76%) 26 (87%) 0.305

Physiological Characteristics
Pulmonary Function

Notes: Others: azithromycin, mucolytic, nintedanib, omalizumab, montelukast, methylprednisolone. Triple inhaled therapy: inhaled steroid, beta-2
adrenergic agonist and LAMA. Data are presented as the number of subjects (percentages); p values show statistical significance between good and
poor responders.

Abbreviation: LAMA, long acting muscarinic antagonists.

In terms of patients baseline pulmonary function, the groups of good responders and poor responders differed sig-
nificantly only in absolute vital capacity (VC) (3230 = 970 mL and 2837 + 855 mL, p = 0.048), while VC expressed as %
of predicted did not show statistical significance (86 + 22% and 81 + 17%, p = 0.269). Other parameters of lung function
also did not reach statistical significance, despite the trend towards reduced lung function in the poor responder group, as
shown in Table 3.
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Table 3 Physiological Characteristics of Patients Evaluated Before PR

All Good Responders | Poor Responders P value
PULMONARY FUNCTION
VC [mL] 3133 + 955 (121) 3230 £ 970 (91) 2837 + 855 (30) 0.048
VC [%] 84.52 + 20.84 (121) 85.70 £ 21.99 (91) 80.83 £ 16.65 (30) 0.269
FEVI [mL] 1157 £ 557 (121) 1222 £ 597 (91) 962 + 253 (30) 0.066
FEVI [%] 40.66 * 18.19 (121) 42.16 £ 19.24 (91) 36.10 = 13.85 (30) 0.172
Tiffeneau-Pinelli index 36.97 + 13.34 (121) 37.48 = 12.94 (91) 35.43 + 14.63 (30) 0.183
DLCO [%] 49.57 £ 17.98 (113) 51.36 + 18.68 (83) 44.27 £ 14.76 (30) 0.079
PHYSICAL PERFORMANCE
6MVT [m] 3429 + 108.8 (121) 3343 £ 112.0 (91) 368.8 + 95.5 (30) 0.133
ISWT [m] 2583 + 136.2 (121) 257.7 + 145.1 (91) 260.1 + 107.0 (30) 0.591
ESWT [s] 359.0 + 300.6 (I15) 377.7 + 305.8 (87) 301.1 +281.1 (28) 0.217
I-min STS 20.1 £ 7.5 (50) 19.0 + 6.8 (37) 232 £ 9.0 (13) 0.094
CET [s] 428.6 £ 2752 (119) 425.0 £ 266.1 (90) 440.1 £ 306.6 (29) 0.862
Cycloergometry [W] 55.0 £ 23.7 (115) 56.4 + 24.9 (86) 50.8 + 19.5 (29) 0.295
Cycloergometry [MET] 34+09(114) 34+ 1.0 (86) 3.5+0.8(28) 0.607
Cycloergometry VO, max [mL/min/kg] 12.7 £ 2.8 (92) 12.7 £ 2.9 (72) 13.90 + 2.7 (20) 0.639
Handgrip [kg] 332+ 111 (121) 33.6 £ 11.0 91) 320+ 11.3 (30) 0.482
MIP [cm H,0] 64.63 + 23.18 (121) 65.27 + 23.47 (91) 62.68 + 22.55 (30) 0.530
MEP [cm H,0] 105.3 £ 40.4 (121) 108.4 + 41.6 (91) 96.0 + 35.5 (30) 0.236
BODY COMPOSITION
Weight [kg] 75.5 + 18.6 (121) 774 £ 19.2 (91) 69.5 + 15.3 (30) 0.036
Height [cm] 168.0 + 8.9 (121) 168.6 £ 9.2 (91) 166.1 + 8.0 (30) 0.093
BMI [kg/m?] 26.6 + 5.6 (121) 27.1 £5.6 (91) 25.1 £ 5.3 (30) 0.067
FFMI [kg/m?] 174 £ 3.5 (119) 17.6 = 3.5 (89) 16.6 = 3.4 (30) 0.116
BFMI [kg/m?] 93 %34 (119) 9.5 +34(89) 8.6 + 3.3 (30) 0.108
Body water [%] 52.1 £6.9 (119) 51.3 £ 6.5 (89) 54.4 + 7.6 (30) 0.042
Body fat [kg] 258 + 8.9 (119) 26.6 + 9.0 (89) 23.4 + 8.3 (30) 0.049
Body fat [%] 341 £7.4 (119) 36.3 £ 7.3 (89) 33.5+79 (30) 0.657
Lean mass [kg] 49.5 £ 13.1 (119) 50.6 + 13.6 (89) 46.1 = 11.3 (30) 0.095
Dry lean mass [kg] 1.1 £5.10 (117) 11.7 £ 5.2 (88) 9.3+43(29) 0.021
QUESTIONNAIRES
CAT 19.12 £ 6.25 (121) 19.52 + 6.59 (91) 17.96 + 5.02 (30) 0.269
MRC 3.15 £ 0.87 (121) 3.18 £ 0.94 (91) 3.10 £ 0.60 (30) 0.736
SGRQ 39.02 + 10.25 (121) 39.93 £ 10.75 (91) 36.27 + 8.09 (30) 0.069

Notes: Data are presented as the mean + SD (number of subjects included); p values show statistical significance between good and poor responders.

Abbreviations: |-min STS, | minute sit to stand test; 6BMWT, six minute walk test; BFMI, body fat mass index; BMI, body mass index; CAT, COPD assessment
test; CET, cycle endurance test; DLCO, diffusing capacity for carbon monoxide; ESWT, endurance shuttle walk test; FEVI, forced expiratory volume in
| second; FFMI, fat free mass index; ISWT, incremental shuttle walk test; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; MRC, Medical
Research Council Dyspnoea scale; SGRQ, St. George’s Respiratory Questionnaire; VC, vital capacity.

Physical Performance

A significant improvement in physical performance during PR was seen in both groups. Nevertheless, in the group of
good responders, patients improved in all measured parameters of physical performance, while in the group of poor
responders, patients improved only in some parameters, and the improvement was less obvious.

Before PR, no significant differences were detected between groups of good and poor responders, but after PR, the
good responders had significantly better results in ESWT (327.5 + 157.3 s and 304.8 + 123.6 s, p = 0.013) and exhibited
more power in cycloergometry (67.9 = 26.8 W and 51.5 = 16.9 W, p = 0.007) as demonstrated in Table 3 and Table 4.
Patients’ overall physical performance improved during PR, as presented in Table 5 further demonstrating the beneficial
effect of PR in COPD patients.
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Table 4 Physiological Characteristics of Patients Evaluated After PR
All Good Responders | Poor Responders | P value
PHYSICAL PERFORMANCE
6MVT [m] 400.1 £ 106 (121) 411.9 £ 104 (91) 364.2+105.6 (30) 0.045
ISWT [m] 3320 £ 149.7 (121) | 411.9 £ 104.0 (91) | 364.2 = 105.6 (30) 0.679
ESWT [s] 617.2 + 4168 (120) | 3275+ 157.3 (91) | 304.8 £ 123.6 (29) 0.013
I-min STS 2291 + 7.80 (50) 22.59 + 7.06 (37) 24.00 £ 10.07 (13) 0.618
CET [s] 812.4 + 4186 (120) | 860.3 + 395.3 (90) | 668.7 + 459.3 (30) 0.092
Cycloergometry [W] 63.9 + 25.6 (88) 67.9 + 26.8 (67) 51.5 £ 169 (21) 0.007
Cycloergometry [MET] 3909 (107) 4.0+ 1.1 (86) 3.67 £ 0.9 (21) 0.264
Cycloergometry VO, max [mL/min/kg] 13.6 £ 3.2 (71) 12.7 £ 2.9 (56) 13.1 £ 3.1 (I5) 0.379
Handgrip [kg] 348 = 11.1 (121) 35.48 + 10.9 (91) 3281 + 11.7 (30) 0.277
MIP [cm H,0] 74.3 £ 268 (121) 75.0 £ 26.7 (91) 72.0 + 27.5 (30) 0.511
MEP [cm H,0] 120.9 + 44.0 (121) 122.8 £ 44.0 (91) 114.9 £ 44.4 (30) 0.355
BODY COMPOSITION
Weight [kg] 75.7 £ 184 (115) 78.1 £ 19.0 (87) 68.0 + 14.1 (28) 0.009
BMI [kg/m?] 26.7 £ 55 (115) 27.2 £ 5.6 (87) 248 £ 5.1 (28) 0.025
FFMI [kg/m?*] 175 3.4 (113) 17.8 + 3.5 (85) 164 + 3.12 (28) 0.040
BFMI [kg/m?] 92 +34(117) 94 £ 34 (89) 84 £33 (28) 0.103
Body water [%] 525+ 6.2 (113) 51.8 £ 6.3 (85) 54.6 + 7.5 (28) 0.063
Body fat [kg] 25.5 +89 (113) 26.4 £ 9.0 (85) 22.8 + 8.2 (28) 0.027
Body fat [%] 33.7£74 (113) 33.8 +74 (85) 334+ 75 (28) 0.777
Lean mass [kg] 49.9 £ 13.0 (113) 51.4 + 13.5 (85) 452 £ 10.1 (28) 0.027
Dry lean mass [kg] 11249 (111) 11.9 £ 5.0 (84) 9.1 £3.7 (27) 0.006
QUESTIONNAIRES
CAT 16.06 £ 6 (121) 15.87 £ 6.45 (91) 16.53 = 4.4 (30) 0.514
MRC 2.57 £ 0.75 (121) 2.5 +0.76 (91) 2.76 + 0.68 (30) 0.085
SGRQ 32.06 + 10.25 (121) | 32.88 £ 10.32 (91) | 31.77 £ 10.16 (30) 0.540

Notes: Data are presented as the mean * SD (number of subjects included); p values show statistical significance between good and poor responders.
Abbreviations: |-min STS, | minute sit to stand test; 6MWT, 6-minute walk test; BFMI, body fat mass index; BMI, body mass index; CAT, COPD
assessment test; CET, cycle endurance test; DLCO, diffusing capacity for carbon monoxide; ESWT, endurance shuttle walk test; FEV, forced expiratory
volume in | second; FFMI, fat free mass index; ISWT, incremental shuttle walk test; MEP, maximal expiratory pressure; MIP, maximal inspiratory
pressure; MRC, Medical Research Council Dyspnoea scale; SGRQ, St. George’s Respiratory Questionnaire; VC, vital capacity.

Table 5 Absolute Effects (Changes/Gains in Tests Before and After) of PR in COPD Patients

All P value Good Responders P value Poor Responders P value
PHYSICAL PERFORMANCE
6MWT [m] 57.2 <0.0001 77.6 <0.0001 —4.6 0.906
ISWT [m] 62.7 0.007 69.8 <0.0001 40.7 <0.0001
ESWT [s] 3323 <0.0001 3527 <0.0001 268.8 0.005
CET [s] 407.3 <0.0001 415.8 <0.0001 270.8 0.000
I-min STS 238 0.066 36 <0.0001 0.8 0.248
Handgrip [kg] 1.6 0.266 1.9 <0.0001 0.8 0.155
Cycloergometry [W] 8.4 0.020 9.6 <0.0001 4.7 0.008
Cycloergometry [MET] 04 0.001 0.4 <0.0001 0.3 0.003
Cycloergometry VO, max [mL/min/kg] 0.6 0.085 0.6 <0.0001 0.8 0.194
BODY COMPOSITION
Weight [kg] 0.2 0.939 0.3 0.092 -0.2 0.464
BMI [kg/m?] 0.1 0.958 0.1 0.110 —0.1 0.478
FFMI [kg/m?] 0.1 0.779 0.2 0.008 -0.1 0.387
BFMI [kg/m?] —0.1 0.738 —0.1 0.365 0.0 0.590
Body water [%] 0.2 0.682 04 0.428 -04 0.251

(Continued)
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Table 5 (Continued).

All P value Good Responders P value Poor Responders P value

Body fat [kg] —0.1 0.783 —0.2 0.864 0.1 0.537
Body fat [%] -0.3 0.661 —04 0.082 0.2 0.634
Lean mass [kg] 0.4 0.798 0.6 0.003 -0.3 0.349
Dry lean mass [kg] 0.1 0.852 0.2 0.049 0.2 0.227
QUESTIONNAIRES

SGRQ —6.4 <0.0001 7.1 <0.0001 —4.5 0.000
CAT =3.1 0.001 -3.6 <0.0001 —1.4 0.090
MRC —0.6 <0.0001 -0.7 <0.0001 -0.3 0.004

Notes: Data are presented as the mean absolute differences with p values comparing the effect of PR with baseline values in all subjects and separately for the group of good
and poor responders.

Abbreviations: |-min STS, | minute sit to stand test; 6MWT, 6-minute walk test; BFMI, body fat mass index; BMI, body mass index; CAT, COPD assessment test; CET,
cycle endurance test; ESWT, endurance shuttle walk test; FEV I, forced expiratory volume in | second; FFMI, fat free mass index; ISWT, incremental shuttle walk test; MEP,
maximal expiratory pressure; SGRQ, St. George’s Respiratory Questionnaire.

Body Composition

The overall body composition of the patients did not change significantly during PR. However, we found some
differences between the good responder and poor responder groups in body composition before PR. Good responders
had higher body weight (77.4 + 19.2 kg and 69.5 + 15.3 kg, p = 0.036), reduced content of water (51 + 6% and 54 + 8%,
p =0.042), higher fat content (26.6 £ 9.0 kg and 23.4 + 8.3 kg, p = 0.049) and higher dry lean mass (11.7 £5.2 kg and 9.3
+ 4.3 kg, p = 0.021). Even more differences between groups were observed after PR. In addition to the changes in the
abovementioned parameters, patients in the good responder group also had higher BMI (27.2 + 5.6 kg/m? and 24.8 +
5.1 kg/m?, p=0.025), FFMI (17.8 + 3.5 kg/m” and 16.4 + 3.2 kg/m?, p =0.040) and lean mass (51.4 + 13.5 kg and 45.2 +
10.1 kg, p = 0.027) after PR. All data are presented in detail in Tables 3-5.

Laboratory Blood Tests

Detailed data on laboratory blood tests before PR can be found in Table 6. Electrolytes, renal and liver function tests,
CRP, NTproBNP, and HbAlc did not differ statistically between the good and poor responder groups. Statistically
significant changes were observed only in erythrocyte-related parameters, including increased iron serum concentration
(19.65 + 7.67 umol/L and 16.79 % 6.45 umol/L, p = 0.028), higher number of erythrocytes (4.68 + 0.47 x 10'%/L and 4.48
+0.45 x 10'?/L, p = 0.017), higher haemoglobin concentration (145.6 + 13.7 g/L and 139.7 £ 11.6 g/L, p = 0.040) and
higher haematocrit level (0.43 + 0.03 L/L and 0.41 + 0.03 L/L, p = 0.030) in the group of good responders.

Despite statistical significance, the differences were not clinically important. There were only 3 patients with
haemoglobin levels below normal (male 130 g/I, female 120 g/L) in the poor responder group (min 114 g/L, max 123
g/L) and 5 patients (min 99 g/L, max 127 g/L) in the good responder group. The number of erythrocytes (male < 4.5 x
10'?/L, female < 3.8 x 10'%/L) was diminished in seven patients in the poor responder group and in 17 patients in the
good responder group. The haematocrit level was below normal (male < 0.40 L/L, female < 0.36 L/L) in 5 patients in the
poor responder group and 10 patients in the good responder group. Low serum iron was detected only in one patient
(male/female < 5.8 umol/L) in the good responder group, who was also the only patient with a decrease in all four blood
parameters that were statistically significantly reduced. In the poor responder group, 3 parameters (erythrocytes,
haemoglobin and haematocrit) were below normal values in 3 patients compared with 5 patients in the good responder

group.

Interrelations Between the Observed Variables

To account for interrelations between the observed variables that differed significantly between the good and the poor
responders, the variables were used in a multiple logistic regression model. In the full model, none of the modelled
variables was significant in predicting good responder status. The results can be seen in Table 7. We therefore performed
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Table 6 Laboratory Tests Measured Before PR

All Good Responders | Poor Responders P value
Potassium [mmol/L] 4.63 £ 1.05 (111) 4.65 £ 1.19 (82) 4.54 £ 0.40 (29) 0.976
Sodium [mmol/L] 142.8 £ 2.5 (121) 142.8 £ 2.6 (91) 142.8 + 2.5 (30) 0916
Chloride [mmol/L] 103.5 £ 3.2 (121) 103.5 £ 3.4 (91) 103.6 + 2.9 (30) 0.981
Glucose [mmol/L] 5.74 + 1.26 (118) 5.66 + 1.14 (90) 5.96 + 1.56 (28) 0.506
Urea [mmol/L] 6.31 +228 (121) 6.28 + 2.31 (91) 6.39 + 221 (30) 0.694
Creatinine [mmol/L] 77.06 + 26.16 (121) 77.66 + 27.95 (91) 75.23 + 20.08 (30) 0.687
eGF [mL/min/1.73m?] 81.04 + 13.17 (121) 81.54 + 13.27 (91) 79.53 + 12.96 (30) 0.371
Iron [pmol/L] 18.94 + 7.48 (121) 19.65 £ 7.67 (91) 16.79 + 6.45 (30) 0.028
Transferrin [g/L] 2.30 + 0.35 (120) 2.31 £ 036 (91) 2.26 + 0.29 (29) 0.528
Transferrin saturation [%] 33.56 = 14.31 (120) 34.66 = 1472 (91) 30.1 = 12.51 (29) 0.071
TIBC [pmol/L] 56.97 £ 9.16 (120) 57.45 + 9.50 (91) 55.45 £ 7.95 (29) 0412
UIBC [pmol/L] 38.08 + 12.13 (120) 37.89 + 12.50 (91) 38.69 + 11.07 (29) 0.617
Ferritin [pg/L] 165.4 + 136.3 (119) 166.2 + 137.7 (89) 163.2 = 131.1 (30) 0.823
Bilirubin, whole [pmol/L] 10.35 £ 5.32 (121) 104 £ 5.18 (91) 10.19 £ 5.8 (30) 0.538
Bilirubin, direct [pmol/L] 4.03 £ 1.90 (116) 4.02 + 1.80 (87) 4.05 £ 2.11 (29) 0.806
AST [pkat/L] 0.39 £0.24 (114) 0.38 £ 0.26 (85) 0.39 £ 0.11 (29) 0.177
ALT [pkat/L] 0.37 £ 0.24 (121) 0.38 £ 0.57 (91) 0.32 £ 0.13 (30) 0.618
GGT [pkat/L] 051 £ 0.61 (121) 0.51 £0.55 (91) 0.51 £ 0.77 (30) 0.256
AP [kat/L] 1.07 £ 0.32 (118) 1.08 + 0.35 (89) 1.03 £0.21 (29) 0.873
Cholesterol [pmol/L] 473 £ 1.01 (119) 4.73 £ 1.05 (89) 4.72 £ 0.90 (30) 0.857
HDL [pmol/L] 1.56 £ 0.46 (119) 1.51 £0.43 (89) 1.7 £ 0.53 (30) 0.085
LDL [pmol/L] 2.99 +0.98 (119) 3.01 + 1.00 (89) 2.90 + 0.93 (30) 0.624
Triglycerides [umol/L] 1.25 £ 0.50 (119) 1.27 + 0.49 (89) 1.17 £ 0.54 (30) 0.137
CRP [mg/L] 411 £ 715 (121) 397 £ 6.61 (91) 4.53 £ 8.72 (30) 0.431
Albumin [g/L] 4231 £3.03 (121) 42.32 £292 (91) 42.27 + 3.37 (30) 0.950
Protein [g/L] 65.91 + 546 (121) 66.05 + 5.53 (91) 65.47 + 5.28 (30) 0.771
NTproBNP [ng/L] 182.2 £ 201.3 (118) 170.3 + 203.3 (89) 218.6 = 194.1 (29) 0.056
Leucocytes [10°/L] 7.74 £ 226 (121) 7.88 + 229 (91) 7.31 £2.15 (30) 0.134
Erythrocytes [10'%/L] 4.64 £ 0.48 (121) 4.68 £ 0.47 (91) 4.48 £ 0.45 (30) 0.017
Haemoglobin [g/L] 144.1 £ 13.4 (121) 145.6 £ 13.7 (91) 139.7 = 11.6 (30) 0.040
Haematocrit [L/L] 0.42 £ 0.04 (121) 0.43 £ 0.03 (91) 0.41 + 0.03 (30) 0.030
MCYV [fL] 91.65 + 4.68 (121) 91.46 + 4.58 (91) 92.24 + 5.00 (30) 0.522
MCH [pg] 31.19 £2.04 (121) 3115 £ 1.89 (91) 31.32 + 2.47 (30) 0.640
MCHC [g/L] 340.3 = 13.1 (121) 340.6 + 3.0 (91) 339.2 + 13.6 (30) 0.482
RDW [%] 13.73 £ 1.04 (121) 13.79 £ 1.04 (91) 13.54 = 1.02 (30) 0.243
Thrombocytes [10°/L] 236.0 £ 59.7 (121) 2386 £ 63.1 (91) 228.2 + 48.0 (30) 0.328
MPV [fL] 10.31 £ 0.80 (121) 10.31 £0.83 (91) 10.34 = 0.71 (30) 0.603
Neutrophil granulocytes [%] 57.92 + 9.06 (76) 58.61 + 852 (57) 55.83 + 10.50 (19) 0.316
Lymphocytes [%] 27.72 + 8.89 (121) 27.58 £ 7.46 (91) 28.13 £ 9.21 (30) 0.719
Monocytes [%] 10.10 £ 2.47 (121) 9.98 £ 222 (91) 10.45 + 3.11 (30) 0.570
Eosinophils [%] 3.64 217 (116) 3.72 £ 2.23 (87) 3.40 = 1.99 (29) 0.481
Basophils [%] 0.63 £ 0.34 (115) 0.63 £ 0.32 (87) 0.61 +0.32 (28) 0.707
Neutrophil granulocytes [10°/L] 5.29 £ 7.73 (76) 5.66 + 8.87 (57) 4.14 £ 1.59 (19) 0.267
Lymphocytes [10°/L] 2.09 + 0.67 (121) 2.13 £ 0.67 (91) 1.96 £ 0.63 (30) 0.239
Monocytes [10°/L] 0.76 £ 0.24 (121) 0.77 £ 0.25 (91) 0.72 £ 0.17 (30) 0.430
Eosinophils [10°/L] 0.26 £ 0.16 (116) 0.27 £ 0.16 (87) 0.23 £ 0.13 (29) 0.109
Basophils [10°/L] 0.05 £ 0.03 (115) 0.05 £ 0.02 (87) 0.04 + 0.02 (28) 0.205
HbAIc [mmol/mol] 40.53 £ 7.83 (119) 40.57 = 7.89 (90) 4041 £ 7.76 (29) 0.747
HbAIc [%] 5.83 + 0.69 (119) 5.83 + 0.68 (90) 5.85 £ 0.72 (29) 0.613

Notes: Data are presented as the mean * SD (number of subjects included); p values show statistical significance between good and poor responders.
Abbreviations: ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; CRP, C-reactive protein; eGF, estimated glomerular
filtration; gammaGT, gamma-glutamyl transferase; HbAlc, Alc glycosylated haemoglobin; HDL, high-density lipoprotein cholesterol; LDL, low-density lipopro-
tein cholesterol; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin concentration; MCV, mean cell volume; MPV, mean platelet volume; NTproBNP,
N-terminal pro-Brain natriuretic peptide; RDW, red cell distribution width; TIBC, total iron-binding capacity; UIBC, unsaturated iron-binding capacity.
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Table 7 Multiple Logistic Regression Full Model

OR 2.5% 97.5% P value
Weight [kg] 0.959 0.839 1.093 0.494
Body water [%] 0.991 0.846 1.154 0.915
Body fat [kg] 1.080 0.865 1.348 0.463
Dry lean mass [kg] 1.145 0.832 1.592 0.367
Iron [umol/L] 1.060 0.989 1.146 0.116
Erythrocytes [10'%/L] 2.794 0417 2.037 0.294
Haemoglobin [g/L] 0.995 0.915 1.083 0.923
Haematocrit [L/L] 0.547 0.000 2.340 0.974

Notes: Data are presented as odds ratio, 95% confidence interval and p value.
Abbreviation: OR, odds ratio.

Table 8 Multiple Logistic Regression Backward Selection Model

OR 2.5% 97.5% P value
Body fat [kg] 1.057 1.002 1.123 0.051
Iron [umol/L] 1.066 1.002 .145 0.054
Erythrocytes [10'%/L] 2.746 1.080 7.576 0.040

Note: Data are presented as odds ratio, 95% confidence interval and p value.
Abbreviation: OR, odds ratio.

Table 9 Multiple Logistic Regression Forward Selection Model

OR 2.5% 97.5% P value
Iron [pmol/L] 1.058 0.996 1.133 0.084
Dry lean mass [kg] 1.090 1.002 1.191 0.047

Note: Data are presented as odds ratio, 95% confidence interval and p value.
Abbreviation: OR, odds ratio.

backward and forward selection of predictors using full and null models, respectively. The results of best fit of the
backward model demonstrated the importance of body fat with p=0.051, iron p=0.054 and erythrocytes with p=0.040 and
forward model demonstrated the importance of iron with p = 0.084 and dry lean mass p = 0.047 (Table 8 and Table 9).

Discussion

The strength of our study is the recruitment of consecutive real-life COPD patients who were clinically and not for study
purposes identified as candidates for PR and who completed the program without any exacerbation of their disease during
PR that could affect the course and outcomes of rehabilitation.

As previously found in other studies, basic clinical characteristics and comorbidities did not influence the success of
PR.*>71819 In contrast, Crisafulli and coworkers? reported that osteoporosis was independently associated with worse
rehabilitation outcomes, but our study did not confirm this finding. Nevertheless, caution should be taken when
comparing the studies because of differences in pulmonary rehabilitation time, place of PR (inpatient/outpatient) and
criteria for successful completion of PR.

Our study confirmed that lung function determined before PR was not a good predictor of success, as has been shown
in other studies.*®'* However, there was a trend revealing a possible association between better VC and improved
6MWT, but statistical significance was observed only in VC expressed in absolute values. Sahin and coworkers”'
demonstrated that COPD patients with severe diffusion defects in diffusing capacity for carbon monoxide (DLCO)
experienced a better pulmonary rehabilitation outcome in terms of improvement in dyspnoea level, but there was no
significant difference between groups in terms of 6MWT as in our study.
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Baseline physical performance did not differ between groups of good and poor responders. Similar results have been
shown by others, although some studies revealed a correlation when baseline physical performance was combined with
factors including dyspnoea and health status.>'®

Body composition evaluated before PR noticeably affected the outcome of PR. Statistically significant differences
between good and poor responders were found in body weight, water and fat content, and dry lean mass. BMI showed
only a tendency towards statistical significance (p = 0.067), although heavier patients with more fat had greater chances
of improving their physical condition after PR. In accordance, most studies found that BMI or obesity had no effect on
PR outcomes.®' %'+

Since dry lean mass is the total body mass without water and fat, it represents mainly proteins and minerals. Taking
into account the high prevalence of osteopenia and osteoporosis in our COPD patients, who consequently have reduced
mineral content, dry lean mass is a good indicator of muscle mass in the body. Therefore, it is possible that patients with
lower muscle mass respond poorly to PR. However, Jones and coworkers® reported that sarcopenia defined by the
EWGSOP did not affect the response to PR. Moreover, Tunsupon and coworkers'® showed that muscle depletion or
obesity had no effect on the percentage of patients achieving the MCID as a measure of quality of life and physical
tolerance after PR. In contrast to our study, a distance of 26 m on the 6MWT was used as the threshold to divide patients
into groups, and only BMI, FFM and FFMI were analysed.

We speculate that the higher percentage of body water in the group of poor responders could be the result of
water retention as a consequence of congestive heart failure, since there is also a trend towards increased NT-
proBNP in poor responders (p = 0.056). However, we did not detect important decompensation of congestive heart
failure in any patient during PR. Body fat and dry lean mass were also significant predictors in multiple logistic
regression analysis.

Scores on the MRC, CAT, and SQRQ questionnaires acquired before PR were not significantly different between the
groups of good and poor responders and were not good predictors of success as also found in other studies.>'* A similar
questionnaire to MRC, mMRC, in combination with baseline physical performance based on the 6 MWT, yielded success
in predicting clinically meaningful changes after PR.'® Moreover, Garrod and coworkers* demonstrated that patients with
MRC grade 5 correlate with less improvement than patients with less severe MRC score grades.

Regarding laboratory tests, the most striking differences between good and poor responders were erythrocyte-related.
Anaemia is common in COPD patients.”* >° There is evidence that iron deficiency affects physical activity in COPD
patients.”?” Furthermore, nonanaemic iron deficiency has been associated with poorer physical performance and
response to training.'' Our data confirmed that a reduction in erythrocyte-related factors, including the number of
erythrocytes, haematocrit, haemoglobin and iron, might be associated with an unsuccessful physical response. Notably,
erythrocytes and iron were also significant predictors in multiple logistic regression analysis.

There are several limitations of our study. First, a relatively small number of patients were included in the study due to
overall limited number of patients that we can include in our PR and further limitation to COPD patients who concluded PR
without exacerbation of the disease. Also, greatly reduced access to PR because of COVID-19 hospital reorganisations in past
years contributed in part to reduced cohort size. Furthermore, we could not ignore the fact that in our country only inpatient PR
is available and it lasts only 4 weeks, which is shorter than is common in other countries. Nevertheless, even with this shorter
program, we showed that most patients improved their physical condition. Another limitation relevant to interpretation is that
we selected only one parameter to identify patients with good response in physical gain. However, we believe that the
difference in distance gained in 6MWT after PR is a good overall marker of patients’ physical improvement.

Conclusion

Our study revealed that baseline physical status, dyspnoea level, lung function, comorbidities, social status, and smoking
status were not good predictors of improvement in physical performance after PR based on the 6 MWT in COPD patients.
We found that COPD patients with higher body weight, more body fat—but not obese (did not have higher body fat %),
higher dry lean mass, higher haemoglobin levels, more erythrocytes, higher haematocrit and higher iron level may benefit
more than others. We can conclude that more muscular body composition and a higher ability to transport oxygen from
the blood to the muscles may be associated with better physical improvement during PR in COPD patients as measured
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with the 6BMWT. Our results should be confirmed in larger studies and with other PR settings (place of rehabilitation,
duration of rehabilitation, etc.). Nevertheless, we suggest that before sarcopenic or anaemic patients are referred to PR,
special care should first be taken to address and remedy their condition to maximise their physical gain in PR.
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DLCO, diffusing capacity for carbon monoxide; eGF, estimated glomerular filtration; ESWT, endurance shuttle walk test;
FEV1, forced expiratory volume in 1 second; FFMI, fat-free mass index; gammaGT, gamma-glutamyl transferase;
HbAlc, Alc glycosylated haemoglobin; HDL, high-density lipoprotein cholesterol; ISWT, incremental shuttle walk test;
LAMA, long-acting muscarinic antagonist; LDL, low-density lipoprotein cholesterol; LTOT, long-term oxygen treat-
ment; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin concentration; MCID, minimal clinically important
difference; MCV, mean cell volume; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; MPV, mean
platelet volume; MRC, medical research council dyspnoea scale; NTproBNP, N-terminal pro-Brain natriuretic peptide;
PR, pulmonary rehabilitation program; RDW, red cell distribution width; SGRQ, St. George’s Respiratory Questionnaire;
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