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Abstract: Background: the effect of pulmonary rehabilitation (PR) services, beyond research contexts,
on patients with lung diseases other than COPD requires further study. Objectives: to (i) assess
the impact of a publicly funded PR on patients’ exercise capacity, self-efficacy, and health-related
quality of life (HRQoL), and (ii) explore whether the effects vary across lung diseases. Methods:
this retrospective pre–post study analyzed data from the Winnipeg Regional Health Authority PR
program between 2016 and 2019. Results: 682 patients completed the full PR program. Pooled
analyses found significant improvements in the patients’ exercise capacity (six-minute walk test
(6MWT) (13.6%), fatigue (10.3%), and dyspnea (6.4%)), Self-Efficacy for Managing Chronic Disease
6-Item Scale (SEMCD6) (11.6%), and HRQoL (Clinical COPD Questionnaire (CCQ) (18.5%) and St
George’s Respiratory Questionnaire (SGRQ) (10.9%)). The analyses conducted on sub-groups of
patients with chronic obstructive pulmonary disease (COPD), asthma, bronchiectasis, interstitial lung
diseases (ILDs), other restrictive lung diseases (e.g., obesity, pleural effusion, etc.), lung cancer, and
pulmonary hypertension (PH) indicated that, except for patients with PH, all the patients improved
in the 6MWT. Fatigue decreased in patients with COPD, ILDs, and other restrictive lung diseases.
Dyspnea decreased in patients with COPD, asthma, and lung cancer. SEMCD6 scores increased in
COPD, ILDs and PH patients. CCQ scores decreased in all lung diseases, except lung cancer and
PH. SGRQ scores only decreased in patients with COPD. Conclusion: PR services had a significant
impact on patients with different lung diseases. Therefore, publicly funded PR should be available as
a critical component in the management of patients with these diseases.

Keywords: pulmonary rehabilitation; chronic obstructive pulmonary disease; asthma; bronchiectasis;
interstitial lung diseases; restrictive lung diseases; lung cancer; pulmonary hypertension

1. Introduction

Respiratory diseases are among the top leading causes of disease, death, and disability
globally. They account for more than 10% of all disability-adjusted life years worldwide [1].
Pulmonary rehabilitation (PR) is defined as a “comprehensive intervention based on a
thorough patient assessment followed by patient-tailored therapies that include, but are not
limited to, exercise training, education and behavior change, designed to improve the phys-
ical and psychological condition of people with chronic respiratory disease and to promote
the long-term adherence to health-enhancing behaviors” [2]. This non-pharmacological
intervention is known to decrease symptoms (dyspnea and fatigue), improve exercise
tolerance and quality of life, reduce healthcare utilization, as well as increase physical
activity among patients with COPD [3]. Emerging evidence also suggests that PR con-
tributes towards improving outcomes among patients with interstitial lung disease [4], has
small-to-moderate effects on exercise capacity in patients with lung cancer [5], and appears
to be effective in patients with pulmonary hypertension [6]. However, the impact of PR
on lung diseases other than COPD requires further study. Despite the multiple benefits
identified [7,8], it has been estimated that less than 3% of people with chronic lung diseases
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accessed PR due to various reasons, including financial barriers [9]. Although some stud-
ies have explored the effect of PR in real-life settings [10,11], the impact of PR has been
mainly reported in the context of research studies, and there is still a gap in the knowledge
regarding the benefits of pulmonary rehabilitation services in the real world [8,12]. The
American Thoracic Society (ATS) and the European Respiratory Society (ERS) indicated
that more information is needed regarding the benefits of repeated courses of PR (especially
for patients with chronic respiratory disorders other than COPD), suggested that healthcare
professionals should conduct pragmatic “real-word” trials of PR, and recommended that
further research should be undertaken to assess the impact of PR program funding sources
on patient use [12]. Therefore, the objectives of this study were to (i) assess the impact of a
regional publicly funded pulmonary rehabilitation program on patients’ exercise capacity,
self-efficacy, and health-related quality of life, and (ii) explore whether effects vary across
lung diseases.

2. Methods
2.1. Design

This retrospective pre–post study used anonymized data from patients with lung
diseases collected routinely by the Winnipeg Regional Health Authority pulmonary re-
habilitation program (chart review). This study was approved by the Health Research
Ethics Board of the University of Manitoba (HS23753 (H2020:149)), and by Shared Health
and the Winnipeg Regional Health Authority Research Access and Approval Committee
(RAAC 2020-055).

Pulmonary Rehabilitation Program

The Winnipeg Regional Health Authority (WRHA) offers a publicly funded pulmonary
rehabilitation program in three Winnipeg locations (Deer Lodge Centre, Misericordia Health
Centre and Seven Oaks/Wellness Institute, Manitoba, Canada). This interdisciplinary
collaborative program provides patient-centered care delivered by a team of healthcare
professionals, including respirologists, physical therapists, respiratory therapists, pharma-
cists, kinesiologists, rehabilitation assistants, occupation therapists, dietitians, and social
workers working with the patient’s primary healthcare provider. A physical therapist and
a respiratory therapist conduct an intake assessment of patients, request specific consul-
tation services (e.g., occupational therapy, dietitian, social work) when needed, deliver
the exercise component, and guide the patients through the program. Once a month, the
core healthcare team, composed of a respirologist, a physiotherapist, a respiratory thera-
pist, and a pharmacist, meet to review the progression of the patients, and to explore the
need for additional healthcare services (e.g., diagnostic tests, consult with other healthcare
professionals) or changes in the action plan.

Patients are referred to the program by their primary healthcare provider (i.e., MD,
nurse practitioner, specialist). The pulmonary rehabilitation program intake coordinator
receives the referrals, processes them, and distributes them to one of the centers. At each
center, patients are screened for inclusion and exclusion criteria. Inclusion criteria include
the following: age ≥ 18 years; ability to attend an ambulatory community-based program;
ability to understand education and exercise information; patients with pulmonary hy-
pertension require approval from a respirologist; patients with COPD require confirmed
diagnosis using spirometry or pulmonary function tests; other pulmonary diagnoses lim-
iting exercise tolerance are considered on an individual basis (i.e., pulmonary fibrosis,
bronchiectasis, restrictive lung diseases, asthma, etc.). Exclusion criteria include the follow-
ing: inability to mobilize or care for self; severe, debilitating, and unmanaged pain issues;
impaired ability to understand self-management and exercise education sessions; signifi-
cant primary cardiac diseases (i.e., unstable angina or ischemia, acute pulmonary embolus
or myocarditis, recent MI or heart surgery within the past 6 months, etc.); participant has
attended the PR program once in the last two years (regardless of site).
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At each site, two groups of 8–10 patients complete the eight-week program twice
a week at any given time (Tuesday/Thursday or Wednesday/Friday), starting 4 weeks
apart to facilitate pre–post assessments. Each session (2 h) is split into two parts, half
spent on education sessions delivered by various healthcare providers (Supplementary
Table S1. Education session general outline), and the other half on an individualized
exercise program. Every exercise session comprises breathing exercises, as well as warm-
up, conditioning, and cool-down phases. The warm-up includes stretching, range-of-
motion, and the beginning of low-intensity activities. The conditioning phase includes
strengthening (upper and lower limbs) and aerobic exercises involving standard exercise
equipment (i.e., dumbbells, treadmill, NuStep machine or cycle ergometer), and balance
training. The cool-down phase includes a slow decrease in exercise intensity and stretching
exercises. The duration and intensity of the activities are targeted to the capabilities and
limitations of each patient. Heart rate and oxygen pulse oximetry are monitored throughout
the session.

2.2. Population of the Study

One thousand and eighty-five patients with chronic respiratory diseases participated
in the Winnipeg Regional Health Authority pulmonary rehabilitation program offered in
three Winnipeg locations between the calendar years 2016 and 2019. Sixty-three percent of
the patients completed the full program (≥28 h). Patients who completed the pulmonary
rehabilitation program were older and performed better at baseline than patients who did
not complete it (Supplementary Table S2).

2.3. Outcome Variables Were Assessed at the Beginning and End of the Pulmonary
Rehabilitation Program

Exercise capacity. The six-minute walk test (6MWT) measures the distance (meters)
that a patient can walk quickly on a flat, hard surface in a period of 6 min [13]. The
minimal clinically important difference (MCID) for patients with COPD requires a mean
improvement of 35 m (95% confidence interval 30–42 m) in the distance walked in the
6MWT at baseline [14]. Fatigue and perceived exertion were monitored before and after
completing the 6MWT. Fatigue was assessed using a numerical rating scale (0 to 10, where
10 = “worst possible fatigue”) [15]; perceived exertion was assessed using the modified
Borg scale (0 to 10, where 10 = “maximal: just like my hardest race”). This scale provides a
good estimate of the actual heart rate during physical activity [16]. Dyspnea was assessed
using the Medical Research Council (MRC) scale (0 to 5, where 5 = “too breathless to leave
the house, or breathless when dressing”). This self-rating tool measures the degree of
disability that breathlessness poses on a daily activity [17].

The Self-Efficacy for Managing Chronic Disease 6-Item Scale (SEMCD6) was used to
assess the patients’ confidence performing certain activities to manage his/her condition.
The SEMCD6 contains 6 items measured with a 10-step Likert scale, ranging from 1 “not
at all confident” to 10 “totally confident”. It assesses the level of confidence required to
manage fatigue, physical discomfort/pain, emotional distress, other symptoms/health
problems, tasks/activities needed to manage health conditions, and strategies other than
just taking medication [18,19].

Health-related quality of life (HRQoL) was assessed using the Clinical COPD Question-
naire (CCQ) and/or the St George’s Respiratory Questionnaire (SGRQ). The CCQ consists
of 10 items (each score from 0 to 6), divided into three domains (symptoms, functional, and
mental). The total score is calculated as the mean of the sum of all items, higher scores
representing worse HRQoL [20,21]. The MCID of the CCQ score is −0.4 [22]. The SGRQ
is a standardized questionnaire for measuring impaired health and perceived quality of
life in airway diseases [23]. The questionnaire consists of 76 items divided into three parts
(symptoms, activity limitation, and social and emotional impacts of the disease). Overall
scores range from 0 to 100, with higher scores indicating poorer quality of life. The MCID
of the SGRQ is −4 units [24].
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2.4. Analysis

Descriptive statistics were used to present the characteristics of the participants of the
pulmonary rehabilitation program, and baseline outcome variables. Percentages were used
for categorical variables and means (standard deviations (SDs)) for continuous variables.
Paired t-tests were used to explore mean differences in exercise capacity, self-efficacy and
health-related quality of life before and after participation in the RP program. Cohen’s d
was used to calculate effect size of the intervention (small (0.2), moderate (0.5), large (0.8)).
Spearman correlations were used to examine relationships between changes in 6MWT,
dyspnea, and self-efficacy with change in health-related quality of life after the pulmonary
rehabilitation program. Statistical significance was set at p-values ≤ 0.05. All analyses
were performed using IMB SPSS Statistic for Windows, version 24.0 (IBM Corp., Armonk,
NY, USA).

3. Results
3.1. Characteristics of the Population

Six hundred and eighty-two patients completed the pulmonary rehabilitation program,
of which half (53.1%) were female. The mean age was 71.5 (SD 9.3) years. Five hundred
and forty-one patients had chronic obstructive pulmonary disease (COPD), 89 had asthma,
33 had bronchiectasis, 127 had interstitial lung diseases (ILDs), 15 had other restrictive
lung diseases (e.g., obesity, pleural effusion, diaphragm hemiparesis, rib involvement, etc.),
19 had lung cancer, and 12 had pulmonary hypertension (PH). Twenty-two percent of the
patients had more than one coexisting lung disease (Table 1).

Table 1. Characteristics of the participants who completed the pulmonary rehabilitation (PR) program
2016–2019 (n = 682).

Characteristic n (%)

Females 362 (53.1)

Age, mean years (SD) 71.6 (9.3)

Oxygen users 122 (17.9)

Walking aid

none 464 (72.3)

cane 32 (5.0)

4WW 143 (22.2)

Other # 3 (0.5)

Location of PR program

Deer lodge 243 (35.6%)

Misericordia Hospital 187 (27.4%)

Seven Oaks/Wellness Intitute 252 (37.0%)

Location of residence

Outside Winnipeg region 74 (10.9)

Lung diseases *

COPD 541 (79.5)

Asthma 89 (13.0)

Bronchiectasis 33 (4.8)

ILDs 127 (18.6)
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Table 1. Cont.

Characteristic n (%)

Other restrictive lung diseases 15 (2.2)

Lung Cancer 19 (2.8)

Pulmonary hypertension 12 (1.8)

* Participants may have more than one respiratory condition. Abbreviations: 4WW = 4-wheel walker; # 3-wheel
walker or oxygen tank; COPD = chronic obstructive pulmonary disease; ILDs = interstitial lung diseases including
pulmonary fibrosis. Some percentages may not add up to 100% due to missing data.

3.1.1. Outcomes Improvement

In all the patients combined (Table 2), the distance walked on the 6MWT increased
by 13.6%; fatigue and dyspnea scores decreased by 10.3% and 6.4%, respectively; self-
efficacy improved by 11.7%; the total CCQ score decreased by 18.5%; the total SGRQ score
decreased by 10.9%. Improvements in the 6MWT, CCQ, and SGRQ were greater than the
MCID. Cohen’s effect size values suggested moderate-to-high practical significance of the
PR intervention on the 6MWT (d = 0.73) and the CCQ (d = 0.60), and small-to-moderate
practical significance on the SGRQ (d = 0.47), SEMCD6 (d = 0.32), dyspnea (d = 0.27), and
fatigue (d = 0.11).

Table 2. Change in outcomes for pre–post participation in the pulmonary rehabilitation program and
effect size.

All Participants Change (95% CI)
t df Sig

(2-Tailed)
Effect Size

(d)Outcomes n Pre
Mean (SD)

Post
Mean (SD) Mean (SD) Lower Upper

Exercise capacity
6-min walk test (6-MWT)

(meters) 633 296.4
(111.7) 336 (108.0) 40.3 (54.9) 44.5 36.0 26 632 <0.001 0.73

Fatigue (0–10 worse)
Difference before–after 6MWT 602 2.9 (2.3) 2.6 (2.0) 0.3 (2.4) 0.07 0.46 2.7 601 0.007 0.11

Modified Borg Scale
Difference before–after 6MWT

(0–10 worse)
603 2.9 (2.1) 2.8 (1.8) 0.1 (2.2) 0.1 0.3 0.9 602 0.361 0.04

MRC dyspnea scale (0–5) 525 3.1 (0.9) 2.9 (1.0) 0.2 (0.8) 0.2 0.3 6.1 524 <0.001 0.27
Self-efficacy

SEMCD6 (0–10 better) 428 6.0 (2.0) 6.7 (1.9) 0.6 (1.9) 0.8 0.4 6.7 427 <0.001 0.32
Health-related quality of life (HRQoL)

CCQ Total score
(0–6 worse) 389 2.7 (1.1) 2.2 (1.0) 0.5 (0.8) 0.4 0.6 11.7 388 <0.001 0.60

SGRQ Total score
(0–100 worse) 152 53.0 (16.8) 47.2 (15.5) 5.8 (12.4) 3.8 7.8 5.7 151 <0.001 0.47

Paired t-tests were used to compare outcome values pre and post participation in the pulmonary rehabilitation
program. MRC = Medical Research Council; CCQ = Clinical COPD Questionnaire; SEMCD6 = Self-Efficacy for
Managing Chronic Disease 6-Item Scale; SGRQ = St George’s Respiratory Questionnaire. Cohen’s d was used to
calculate effect size of the intervention (small (0.2), moderate (0.5), large (0.8)).

Figures 1–3 present the results (mean ± standard deviation and p-values) of the sub-
analyses conducted for lung diseases. Except for PH, patients with all lung diseases showed
significant improvements in the 6MWT. Fatigue decreased in patients with COPD, ILDs,
and other restrictive lung diseases. Dyspnea decreased in patients with COPD, asthma,
and lung cancer. SEMCD6 scores increased in patients with COPD, ILDs, and PH; CCQ
scores decreased in patients with COPD, asthma, bronchiectasis, ILDs, and other restrictive
lung diseases; SGRQ scores only decreased in patients with COPD.
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3.1.2. Outcomes Correlation

Greater distance walked during the 6MWT, decreased dyspnea, and increased self-
efficacy were significantly correlated with better HRQoL in all the patients combined
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(Table 3). In patients with asthma, improved 6MWT was strongly correlated with better
HRQoL. A weak correlation was found between decreased dyspnea and better HRQoL in
patients with COPD. Increased self-efficacy was associated with better HRQoL in patients
with COPD, asthma, and ILDs.

Table 3. Correlation of changes in 6-min walk test, dyspnea, and self-efficacy, with change in health-
related quality of life, with regards to lung diseases.

Lung Diseases 6-min Walk Test (m) MRC Dyspnea Scale
(0–5 Worse)

Self-Efficacy for Managing
Chronic Disease 6-Item Scale

(0–10 Better)

CCQ Total score
(0–6 worse)

All combined -
0.19

p = 0.001
(n = 318)

−0.30
p = <0.001
(n = 294)

COPD -
0.21

p = 0.001
(n = 275)

−0.31
p < 0.001
(n = 243)

Asthma - -
−0.40

p = 0.01
(n = 41)

ILDs - -
−0.29

p = 0.036
(n = 51)

SGRQ Total score
(0–100 worse)

All combined
−0.22

p = 0.01
(n = 146)

0.19
p = 0.022
(n = 138)

−0.47
p < 0.001
(n = 93)

COPD -
0.19

p = 0.031
(n = 124)

−0.44
p < 0.001
(n = 78)

Asthma
−0.61

p = 0.004
(n = 20)

- -

Only statistically significant correlations are included in the table. Spearman’s correlation. MRC = Medical Re-
search Council; CCQ = Clinical COPD Questionnaire; SGRQ = St George’s Respiratory Questionnaire; <0.4 = weak
correlation; 0.40–0.59 = moderate correlation; 0.60–0.79 = strong correlation; ≥0.80 = very strong correlation.

4. Discussion

Patients with chronic lung diseases who participated in pulmonary rehabilitation
services offered by the publicly funded (WRHA) pulmonary rehabilitation program had
statistically and clinically significant improvements in exercise capacity, self-efficacy, and
health-related quality of life, which aligns with the evidence from previous research stud-
ies [7,8]. Although the benefits of pulmonary rehabilitation are well established, this
intervention is often not included in the comprehensive care of patients with chronic lung
diseases [25,26], and is frequently inaccessible to patients [27,28]. Some of the barriers to its
access include lack of healthcare professional, payer, patient, and caregiver awareness of,
and knowledge regarding, the processes and benefits of pulmonary rehabilitation; insuffi-
cient funding, limited resources, and inadequate allocation of health system reimbursement
for pulmonary rehabilitation services [9,12].

Our sub-analyses for lung diseases identified a positive impact of pulmonary re-
habilitation, although not to the same extent, in all patient groups. Patients with COPD
experienced improvement in all outcomes studied, which is consistent with strong evidence
supporting the benefits of pulmonary rehabilitation in patients with this lung disease [8].
Improvement in exercise capacity and HRQoL were also found in patients with asthma,
bronchiectasis, ILDs, and other restrictive lung diseases, adding to the growing body of
evidence on the impact of pulmonary rehabilitation on lung diseases other than COPD.
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The findings of this study align with previous evidence reporting a positive impact of pul-
monary rehabilitation on exercise capacity and quality of life of patients with asthma [29]
and ILDs [4]. The benefits of pulmonary rehabilitation have also been identified in patients
with other restrictive lung diseases in conjunction with ILDs [30]; however, it seems that
its effect has not been studied individually in this group of patients, which is one of the
contributions of this study. There is sparse evidence regarding the impact of pulmonary
rehabilitation on patients with bronchiectasis. A recent systematic review reported sig-
nificant short-term improvements in exercise capacity and HRQoL; however, the review
was hindered by a low number of trials (only 4), heterogeneity in the design, and a small
number of patients (164 in total) [31]. Another systematic review (4 RCTs with a total
of 262 participants) indicated that patients operated on for lung cancer may experience
small-to-moderate improvements in exercise capacity and HRQoL [5]. In contrast, in the
present study, patients with lung cancer had significant improvements in exercise capacity
and dyspnea, but not in HRQoL. This discrepancy could be explained by the different
tool used to measure HRQoL in previous studies (SF-36). In this study, patients with PH
only improved in self-efficacy. Although evidence regarding the benefit of pulmonary
rehabilitation in this group of patients is not conclusive [6], it is possible that the lack of im-
provement identified in the present study may be due to the small number of patients with
this condition (n = 12). Further studies should explore potential reasons for the differences
in the impact of pulmonary rehabilitation across lung diseases. Possible explanations may
include a lack of specific content and appropriate assessment tools for each lung disease.

Health-related quality of life can be defined as “the gap between our expectations of
health and our experience of it” [32]. A primary aim of the treatment of chronic diseases is
to enhance quality of life by reducing the impact of the disease. However, the relationship
between symptoms and exercise capacity, or functional limitation and quality of life, is
neither simple nor direct. Therefore, we explored the association between HRQoL and
other patient outcomes. Our results show that HRQoL correlated with increased 6MWT,
indicating that 6MWT may be used in clinical practice to reflect the quality of life in all
patients combined and in patients with asthma. HRQOL was also associated with decreased
dyspnea in all the patients combined and in patients with COPD, which is consistent with
a previous study that identified HRQoL to be adversely and independently associated with
respiratory symptoms (dyspnea, wheeze, and cough), age, and female sex [33]. HRQoL
was also significantly related to increased self-efficacy in all the patients combined, as
well as in COPD, asthma, and ILDs patients. This aligns with previous evidence that
identified self-efficacy as a predictor of improvement in health status and overall HRQoL
in pulmonary rehabilitation [34].

5. Strengths and Limitations

The main strength of this study is the use of a large dataset, collected in real-life clinical
services, to explore the effect of a publicly funded interdisciplinary and collaborative pul-
monary rehabilitation program on the outcomes of patients with various chronic respiratory
diseases. Several limitations of this study should be considered. First, this study used data
routinely collected during patient care. Therefore, there were some gaps in terms of data
completeness. Second, this study had no control group with which to compare the effects
of an alternative intervention. Third, 22% of the patients had more than one co-existing
lung disease, which may have influenced the results for individual lung diseases. However,
in a real-word scenario, patients frequently have multiple comorbidities, sometimes even
undiagnosed. Therefore, we still believe that the results of this study provide a valuable
overview of the impact of pulmonary rehabilitation on the lung diseases studied. Fur-
thermore, to avoid potential bias introduced by coexisting lung diseases in patients, the
impact of the intervention was not compared between lung diseases. In addition, 37%
of the patients did not complete the full pulmonary rehabilitation program (≥28 h). It
is important to consider that 14% of the participants completed the program between 17
and 27 h, but because the data were collected by ranges, it was not possible to identify
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how many patients were close to completing the program. A previous study indicated
that 31% of the patients referred to pulmonary rehabilitation did not attend the initial
assessment, 10% did not enroll, and 17% did not complete the intervention [25]. Finally,
patients who completed the pulmonary rehabilitation program were older and had better
baseline outcomes than patients who did not complete it. Further studies should explore
the causes of patient drop out and potential solutions.

6. Conclusions

Pulmonary rehabilitation services provide statistically and clinically significant im-
provements in exercise capacity, self-efficacy, and health-related quality of life in patients
with different lung diseases. Therefore, publicly funded pulmonary rehabilitation should
be available as a critical component in the management of patients with chronic lung dis-
eases. The results of this study contribute towards reducing the knowledge gap regarding
the benefits of pulmonary rehabilitation services beyond research contexts, and may help
raise awareness of the importance of facilitating access to this valuable, but currently still
underutilized, intervention.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11020407/s1, Table S1: pulmonary rehabilitation education
topics and order of presentations; Table S2: baseline outcomes of the participants by completion of
the pulmonary rehabilitation program.

Funding: This work was supported by the start-up funds provided to Sanchez-Ramirez’s by the
University of Manitoba.

Institutional Review Board Statement: This study was approved by the Health Research Ethics
Board of the University of Mani-toba (HS23753 (H2020:149)), and by Shared Health and the Winnipeg
Regional Health Authority Research Access and Approval Committee (RAAC 2020-055).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data availability will be subject to approval by the Winnipeg Regional
Health and Health Authority Research Access and Approval Committee.

Acknowledgments: The author would like to thank the individuals and entities that contributed to
this research project. Laurel Rose, regional program leader for the WRHA Pulmonary Rehabilitation
Program in Winnipeg, for supporting this study. Dana Kliewer, PT in the Pulmonary Rehabilitation
Program, for her insight regarding the implementation of the program, the data collection process,
and the instruments used. Lorna Pankratz, Pulmonary Rehabilitation Program Intake Coordinator,
for her valuable support during data collection across sites. All healthcare providers and support
personnel involved in delivering the Pulmonary Rehabilitation Program at Deer Lodge Center,
Misericordia Health Center, and Seven Oaks/Wellness Institute, as well as all program participants
who allowed their anonymized data to be included in this study. Shared Health and the Winnipeg
Regional Health Authority Research Access and Approval Committee for granted access to the data.
Sreethal Apathussery Ponnan carried out the chart review and data collection. A special thank you to
Juliette Cooper for her input during the preparation of the manuscript.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Societies FoIR. The Global Impact of Respiratory Disease; European Respiratory Society: Sheffield, UK, 2017.
2. Spruit, M.A.; Singh, S.J.; Garvey, C.; ZuWallack, R.; Nici, L.; Rochester, C.; Hill, K.; Holland, A.E.; Lareau, S.C.; Man, W.D.-C.; et al.

An Official American Thoracic Society/European Respiratory Society Statement: Key Concepts and Advances in Pulmonary
Rehabilitation. Am. J. Respir. Crit. Care Med. 2013, 188, e13–e64. [CrossRef] [PubMed]

3. Corhay, J.L.; Nguyen, D.; Van Cauwenberge, H.; Louis, R. Pulmonary rehabilitation and COPD: Providing patients a good
environment for optimizing therapy. Int. J. Chronic Obstr. Pulm. Dis. 2013, 9, 27–39. [CrossRef] [PubMed]

4. Dowman, L.; Hill, C.J.; May, A.; Holland, A.E. Pulmonary rehabilitation for interstitial lung disease. Cochrane Database Syst. Rev.
2021, 2, Cd006322. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jcm11020407/s1
https://www.mdpi.com/article/10.3390/jcm11020407/s1
http://doi.org/10.1164/rccm.201309-1634ST
http://www.ncbi.nlm.nih.gov/pubmed/24127811
http://doi.org/10.2147/COPD.S52012
http://www.ncbi.nlm.nih.gov/pubmed/24368884
http://doi.org/10.1002/14651858.CD006322.pub3
http://www.ncbi.nlm.nih.gov/pubmed/34559419


J. Clin. Med. 2022, 11, 407 11 of 12

5. Sommer, M.; Staerkind, M.; Christensen, J.; Vibe-Petersen, J.; Larsen, K.; Pedersen, J.; Langberg, H. Effect of postsurgical
rehabilitation programmes in patients operated for lung cancer: A systematic review and meta-analysis. J. Rehabil. Med. 2018, 50,
236–245. [CrossRef]

6. Sahni, S.; Capozzi, B.; Iftikhar, A.; Sgouras, V.; Ojrzanowski, M.; Talwar, A. Pulmonary rehabilitation and exercise in pulmonary
arterial hypertension: An underutilized intervention. J. Exerc. Rehabil. 2015, 11, 74–79. [CrossRef]

7. Ries, A.L.; Bauldoff, G.S.; Carlin, B.W.; Casaburi, R.; Emery, C.F.; Mahler, D.A.; Make, B.; Rochester, C.L.; Zuwallack, R.; Herrerias,
C. Pulmonary Rehabilitation: Joint ACCP/AACVPR Evidence-Based Clinical Practice Guidelines. Chest 2007, 131 (Suppl. 5),
4s–42s. [CrossRef] [PubMed]

8. McCarthy, B.; Casey, D.; Devane, D.; Murphy, K.; Murphy, E.; Lacasse, Y. Pulmonary rehabilitation for chronic obstructive
pulmonary disease. Cochrane Database Syst. Rev. 2015, 23, Cd003793. [CrossRef] [PubMed]

9. Lahham, A.; Holland, A.E. The Need for Expanding Pulmonary Rehabilitation Services. Life 2021, 11, 1236. [CrossRef] [PubMed]
10. Blervaque, L.; Préfaut, C.; Forthin, H.; Maffre, F.; Bourrelier, M.; Héraud, N.; Catteau, M.; Pomiès, P.; Jaffuel, D.; Molinari, N.; et al.

Efficacy of a long-term pulmonary rehabilitation maintenance program for COPD patients in a real-life setting: A 5-year cohort
study. Respir. Res. 2021, 22, 1–11. [CrossRef]

11. Lindenauer, P.K.; Stefan, M.S.; Pekow, P.S.; Mazor, K.M.; Priya, A.; Spitzer, K.A.; Lagu, T.C.; Pack, Q.R.; Pinto-Plata, V.M.;
ZuWallack, R. Association Between Initiation of Pulmonary Rehabilitation After Hospitalization for COPD and 1-Year Survival
Among Medicare Beneficiaries. JAMA J. Am. Med. Assoc. 2020, 323, 1813–1823. [CrossRef]

12. Rochester, C.L.; Vogiatzis, I.; Holland, A.E.; Lareau, S.C.; Marciniuk, D.D.; Puhan, M.; Spruit, M.A.; Masefield, S.C.; Casaburi, R.;
Clini, E.; et al. An Official American Thoracic Society/European Respiratory Society Policy Statement: Enhancing Implementation,
Use, and Delivery of Pulmonary Rehabilitation. Am. J. Respir. Crit. Care Med. 2015, 192, 1373–1386. [CrossRef]

13. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: Guidelines for the
six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117. [CrossRef] [PubMed]

14. Puhan, M.A.; Mador, M.J.; Held, U.; Goldstein, R.; Guyatt, G.H.; Schünemann, H.J. Interpretation of treatment changes in
6-minute walk distance in patients with COPD. Eur. Respir. J. 2008, 32, 637–643. [CrossRef] [PubMed]

15. Chuang, L.-L.; Lin, K.-C.; Hsu, A.-L.; Wu, C.-Y.; Chang, K.-C.; Li, Y.C.; Chen, Y.-L. Reliability and validity of a vertical numerical
rating scale supplemented with a faces rating scale in measuring fatigue after stroke. Health Qual. Life Outcomes 2015, 13, 91.
[CrossRef] [PubMed]

16. Borg, G. Borg’s Perceived Exertion and Pain Scales; Human Kinetics: Champaign, IL, USA, 1998.
17. Bestall, J.C.; Paul, E.A.; Garrod, R.; Garnham, R.; Jones, P.W.; Wedzicha, J.A. Usefulness of the Medical Research Council (MRC)

dyspnoea scale as a measure of disability in patients with chronic obstructive pulmonary disease. Thorax 1999, 54, 581–586.
[CrossRef] [PubMed]

18. Lorig, K.R.; Sobel, D.S.; Ritter, P.L.; Laurent, D.; Hobbs, M. Effect of a self-management program on patients with chronic disease.
Eff. Clin. Pract. 2001, 4, 256–262.

19. Ritter, P.L.; Lorig, K. The English and Spanish Self-Efficacy to Manage Chronic Disease Scale measures were validated using
multiple studies. J. Clin. Epidemiol. 2014, 67, 1265–1273. [CrossRef] [PubMed]

20. Zhou, Z.; Zhou, A.; Zhao, Y.; Chen, P. Evaluating the Clinical COPD Questionnaire: A systematic review. Respirology 2017, 22,
251–262. [CrossRef] [PubMed]

21. Van der Molen, T.; Willemse, B.W.; Schokker, S.; ten Hacken, N.H.; Postma, D.S.; Juniper, E.F. Development, validity and
responsiveness of the Clinical COPD Questionnaire. Health Qual. Life Outcomes 2003, 1, 13. [CrossRef]

22. Kocks, J.W.H.; Tuinenga, M.G.; Uil, S.M.; Berg, J.W.K.V.D.; Ståhl, E.; Van Der Molen, T. Health status measurement in COPD: The
minimal clinically important difference of the clinical COPD questionnaire. Respir. Res. 2006, 7, 62–68. [CrossRef] [PubMed]

23. Jones, P.W. Quality of life measurement for patients with diseases of the airways. Thorax 1991, 46, 676–682. [CrossRef]
24. Jones, P.W.; Quirk, F.H.; Baveystock, C.M. St. George’s Respiratory Questionnaire. Respir. Med. 2005, 2, 75–79. [CrossRef]
25. Steiner, M.H.-B.J.; Lowe, D.; Searle, L.; Skipper, E.; Welham, S.; Roberts, C.M. Pulmonary rehabilitation: Steps to breathe better.

In National Chronic Obstructive Pulmonary Disease (COPD) Audit Programme. Clinical Audit of Pulmonary Rehabilitation Services in
England and Wales 2015; National Clinical Audit Report; Royal College of Physicians: London, UK, 2016.

26. Spitzer, K.A.; Stefan, M.S.; Priya, A.; Pack, Q.R.; Pekow, P.S.; Lagu, T.; Pinto-Plata, V.M.; ZuWallack, R.L.; Lindenauer, P.K.
Participation in Pulmonary Rehabilitation after Hospitalization for Chronic Obstructive Pulmonary Disease among Medicare
Beneficiaries. Ann. Am. Thorac. Soc. 2019, 16, 99–106. [CrossRef] [PubMed]

27. Spruit, M.A.; Pitta, F.; Garvey, C.; ZuWallack, R.L.; Roberts, C.M.; Collins, E.G.; Goldstein, R.; McNamara, R.; Surpas, P.; Atsuyoshi,
K.; et al. Differences in content and organisational aspects of pulmonary rehabilitation programmes. Eur. Respir. J. 2013, 43,
1326–1337. [CrossRef] [PubMed]

28. Garvey, C.; Fullwood, M.D.; Rigler, J. Pulmonary rehabilitation exercise prescription in chronic obstructive lung disease: US
survey and review of guidelines and clinical practices. J. Cardiopulm. Rehabil. Prev. 2013, 33, 314–322. [CrossRef] [PubMed]

29. Zampogna, E.; Zappa, M.; Spanevello, A.; Visca, D. Pulmonary Rehabilitation and Asthma. Front. Pharmacol. 2020, 11, 542.
[CrossRef]

30. Naji, N.A.; Connor, M.C.; Donnelly, S.C.; McDonnell, T.J. Effectiveness of Pulmonary Rehabilitation in Restrictive Lung Disease. J.
Cardiopulm. Rehabil. 2006, 26, 237–243. [CrossRef]

http://doi.org/10.2340/16501977-2292
http://doi.org/10.12965/jer.150190
http://doi.org/10.1378/chest.06-2418
http://www.ncbi.nlm.nih.gov/pubmed/17494825
http://doi.org/10.1002/14651858.CD003793.pub3
http://www.ncbi.nlm.nih.gov/pubmed/25705944
http://doi.org/10.3390/life11111236
http://www.ncbi.nlm.nih.gov/pubmed/34833112
http://doi.org/10.1186/s12931-021-01674-3
http://doi.org/10.1001/jama.2020.4437
http://doi.org/10.1164/rccm.201510-1966ST
http://doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/pubmed/12091180
http://doi.org/10.1183/09031936.00140507
http://www.ncbi.nlm.nih.gov/pubmed/18550610
http://doi.org/10.1186/s12955-015-0290-9
http://www.ncbi.nlm.nih.gov/pubmed/26122080
http://doi.org/10.1136/thx.54.7.581
http://www.ncbi.nlm.nih.gov/pubmed/10377201
http://doi.org/10.1016/j.jclinepi.2014.06.009
http://www.ncbi.nlm.nih.gov/pubmed/25091546
http://doi.org/10.1111/resp.12970
http://www.ncbi.nlm.nih.gov/pubmed/28102972
http://doi.org/10.1186/1477-7525-1-13
http://doi.org/10.1186/1465-9921-7-62
http://www.ncbi.nlm.nih.gov/pubmed/16603063
http://doi.org/10.1136/thx.46.9.676
http://doi.org/10.1016/S0954-6111(06)80166-6
http://doi.org/10.1513/AnnalsATS.201805-332OC
http://www.ncbi.nlm.nih.gov/pubmed/30417670
http://doi.org/10.1183/09031936.00145613
http://www.ncbi.nlm.nih.gov/pubmed/24337043
http://doi.org/10.1097/HCR.0b013e318297fea4
http://www.ncbi.nlm.nih.gov/pubmed/23846840
http://doi.org/10.3389/fphar.2020.00542
http://doi.org/10.1097/00008483-200607000-00007


J. Clin. Med. 2022, 11, 407 12 of 12

31. Lee, A.L.; Hill, C.J.; McDonald, C.F.; Holland, A.E. Pulmonary Rehabilitation in Individuals With Non–Cystic Fibrosis Bronchiec-
tasis: A Systematic Review. Arch. Phys. Med. Rehabil. 2016, 98, 774–782.e1. [CrossRef]

32. Carr, A.J.; Gibson, B.; Robinson, P.G. Measuring quality of life: Is quality of life determined by expectations or experience? BMJ
2001, 322, 1240–1243. [CrossRef]

33. Njoroge, M.W.; Mjojo, P.; Chirwa, C.; Rylance, S.; Nightingale, R.; Gordon, S.B.; Mortimer, K.; Burney, P.; Balmes, J.; Rylance,
J.; et al. Changing lung function and associated health-related quality-of-life: A five-year cohort study of Malawian adults.
EClinicalMedicine 2021, 41, 101166. [CrossRef]

34. Bentsen, S.B.; Wentzel-Larsen, T.; Henriksen, A.H.; Rokne, B.; Wahl, A.K. Self-efficacy as a predictor of improvement in health
status and overall quality of life in pulmonary rehabilitation—An exploratory study. Patient Educ. Couns. 2010, 81, 5–13.
[CrossRef] [PubMed]

http://doi.org/10.1016/j.apmr.2016.05.017
http://doi.org/10.1136/bmj.322.7296.1240
http://doi.org/10.1016/j.eclinm.2021.101166
http://doi.org/10.1016/j.pec.2009.11.019
http://www.ncbi.nlm.nih.gov/pubmed/20356700

	Introduction 
	Methods 
	Design 
	Population of the Study 
	Outcome Variables Were Assessed at the Beginning and End of the Pulmonary Rehabilitation Program 
	Analysis 

	Results 
	Characteristics of the Population 
	Outcomes Improvement 
	Outcomes Correlation 


	Discussion 
	Strengths and Limitations 
	Conclusions 
	References

