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Abstract:

Background: Asthma, bronchiectasis, COPD, ILDs, and other chronic respiratory disorders (CRDs) severely affect
pulmonary function and quality of life (QoL). One important non-pharmacological strategy for enhancing lung
function, exercise tolerance, mental health, and patient compliance is pulmonary rehabilitation (PR).

Objective: To systematically evaluate the impact of PR on lung function (FEV1, FVC, PEFR), exercise capacity
(6MWD, endurance time), QoL (SGRQ, CAT, mMRC), psychological well-being (HADS-A, HADS-D), adherence rates,
dropout factors, and barriers to implementation.

Methods: PRISMA criteria were followed in conducting a systematic review and meta-analysis. Studies from 2000
to 2024 were found through literature searches in PubMed, Scopus, Web of Science, Cochrane Library, and
Google Scholar. RCTs, cohort studies, and systematic reviews evaluating PR outcomes in CRD patients were
among the studies that qualified. The Cochrane Risk of Bias Tool and Newcastle-Ottawa Scale were used to assess
the risk of bias in the data extraction process, which concentrated on pre- and post-PR changes. RevMan 5.4 and
STATA 17.0 were used to conduct the meta-analysis.

Results: Following pulmonary rehabilitation (PR), there were notable improvements in lung function, exercise
capacity, quality of life, and psychological well-being, according to a review of five studies involving 750 patients.
FEV1/FVC went from 48% to 53%, FEV1 went from 1.2L to 1.4L, and FVC went from 2.5L to 2.8L (all p < 0.001).
Exercise capacity, evaluated by 6MWD, rose from 320m to 370m (p < 0.001). Anxiety and depression scores
sharply declined (HADS-A: 9.0 to 6.2; HADS-D: 8.5 to 5.8, p < 0.001), but QoL scores increased with SGRQ and CAT
decreases (p < 0.001). Tele-rehabilitation (85%) and home-based PR (80%) had the highest adherence rates, while
low awareness (40%), restricted access (35%), and financial limitations (30%) were the main obstacles.
Conclusion: PR significantly improves lung function, exercise capacity, QoL, and psychological health in CRD
patients. Addressing barriers and improving awareness are essential for optimizing adherence and outcomes.
Keywords: Pulmonary Rehabilitation, Lung Function, Chronic Respiratory Diseases, Exercise Capacity, Quality of
Life, Tele-Rehabilitation, COPD, ILD, Psychological Well-Being, PRISMA
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1. Introduction

Chronic respiratory diseases (CRDs) are among the
leading causes of morbidity and mortality
worldwide, significantly impacting patients' daily
lives and healthcare systems (Tesfa et al., 2025).
CRDs, including chronic obstructive pulmonary
disease (COPD), interstitial lung diseases (ILDs),
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asthma, and bronchiectasis, are characterized by
persistent respiratory symptoms, progressive airflow
limitation, and frequent exacerbations, which
contribute to declining lung function and reduced
quality of life (QoL) (Shukla et al., 2020). These
conditions not only impose a heavy burden on
patients and caregivers but also strain healthcare
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resources due to repeated hospital admissions, long-
term medication use, and associated comorbidities
such as cardiovascular diseases, osteoporosis, and
depression (Culberson et al., 2023).

While  pharmacological  therapies, including
bronchodilators, corticosteroids, and novel biologic
agents, remain the mainstay of CRD management,
non-pharmacological  interventions such  as
pulmonary rehabilitation (PR) have gained increasing
recognition for their role in improving disease
outcomes (De et al., 2023). Pulmonary rehabilitation
is a comprehensive, evidence-based intervention
that integrates structured exercise training,
education, nutritional counseling, and psychosocial
support to enhance physical and psychological well-
being in CRD patients (Rahmandan et al., 2025). The
primary goal of PR is to break the cycle of dyspnea,
deconditioning, and functional decline by improving
exercise tolerance, reducing symptom burden, and
fostering self-management skills (Kochamat et al.,).
Several studies have demonstrated that PR leads to
significant improvements in lung function, exercise
capacity, and overall QoL in CRD patients (Shi et al.,
2024). For instance, a systematic review and meta-
analysis by McCarthy et al. (2021) found that PR
programs, particularly those lasting at least six to
eight weeks, substantially enhance forced expiratory
volume in one second (FEV1), six-minute walk
distance (6MWD), and health-related QoL as
measured by the St. George’s Respiratory
Questionnaire (SGRQ) (McCarthy et al., 2015).
Additionally, PR has been associated with a
reduction in hospitalizations and exacerbations in
patients with COPD and other chronic lung diseases
(Zhou et al, 2025). Beyond physiological
improvements, PR plays a vital role in addressing
psychological distress, such as anxiety and
depression, which are prevalent in CRD patients and
negatively impact disease prognosis (Wang et al.,)
Despite its well-documented benefits, the
accessibility and implementation of PR programs
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remain limited, particularly in low- and middle-
income countries (LMICs) and rural settings, where
healthcare infrastructure is often inadequate
(Malherbe et al., 2025). Barriers such as lack of
trained personnel, financial constraints,
transportation  difficulties, and low patient
adherence hinder the widespread adoption of PR
(Arshad et al.,, 2025). Moreover, long-term
maintenance of PR benefits remains a challenge, as
many patients experience a decline in functional
gains after discontinuing supervised rehabilitation
programs (Su et al., 2025). Recent advancements,
including home-based PR programs and tele-
rehabilitation, offer promising alternatives to
address these challenges and ensure broader access
to pulmonary rehabilitation (Khalid et al., 2024).
Given the growing recognition of PR as an essential
component of CRD management, it is crucial to
further explore its impact on lung function, exercise
tolerance, and QoL across diverse patient
populations (Fu et al., 2025). This review aims to
critically assess the effectiveness of pulmonary
rehabilitation in improving pulmonary function and
quality of life in patients with chronic respiratory
diseases. Additionally, it will highlight recent
advancements, challenges, and future perspectives
in optimizing PR strategies for better patient
outcomes.

2. Methodology

2.1 Study Design

This study adopts a systematic review and meta-
analysis approach to evaluate the impact of
pulmonary rehabilitation (PR) on lung functions and
quality of life (Qol) in chronic respiratory disease
(CRD) patients. A comprehensive literature review
was conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to ensure transparency and
reproducibility in the selection and synthesis of
relevant studies (Fig 1).
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Fig 1: PRISMA flow diagram for systematic review

2.2 Data Sources and Search Strategy

A systematic search was performed in electronic

databases, including PubMed, Scopus, Web of

Science, Cochrane Library, and Google Scholar. The

search was limited to articles published in English

between 2000 and 2024 to capture the most recent
advancements in PR. The following keywords and

Boolean operators were used:

("pulmonary  rehabilitation” OR  "respiratory

therapy" OR "exercise training") AND ("chronic

respiratory disease" OR "COPD" OR "interstitial lung
disease" OR "asthma" OR "bronchiectasis") AND

("lung function" OR "pulmonary function" OR "FEV1"

OR "exercise capacity") AND ("quality of life" OR

"SGRQ" OR "6MWD" OR "health status").

Additionally, a manual search of the reference lists

of included articles and systematic reviews was

conducted to identify any relevant studies missed in
the initial search.

2.3 Eligibility Criteria

Studies were included based on the following

criteria:

e Population: Adult patients (218 years)
diagnosed with chronic respiratory diseases
(COPD, ILD, asthma, bronchiectasis).

e Intervention: Pulmonary rehabilitation
programs, including structured exercise training,
education, and psychosocial support.

e Comparators: Studies comparing PR
interventions with usual care, placebo, or no
intervention.

e QOutcomes: Changes in lung function parameters
(e.g., FEV1, FVC, FEV1/FVC ratio), exercise
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capacity (six-minute walk distance, 6MWD),
symptom relief (dyspnea scores), and quality of
life improvements (St. George’s Respiratory
Questionnaire, SGRQ; COPD Assessment Test,
CAT).

e Study Design: Randomized controlled trials
(RCTs), cohort studies, and systematic reviews
with meta-analyses.

Studies were excluded if they focused on pediatric

populations, lacked relevant outcome measures, or

were case reports, conference abstracts, or opinion
papers.

2.4 Study Selection and Data Extraction

Two independent reviewers screened the titles and

abstracts of all retrieved studies. Full-text articles of

potentially eligible studies were then assessed for
final inclusion. Data extraction was performed using

a standardized form, collecting information on:

Study design and sample size

Patient demographics (age, gender, disease

severity).

PR program details (duration, frequency, and

components).

Outcome measures before and after PR

intervention.

Key findings and statistical significance

Disagreements between reviewers were resolved by

discussion or consultation with a third reviewer.

2.5 Quality Assessment and Risk of Bias

The methodological quality of included RCTs was

assessed using the Cochrane Risk of Bias Tool, which

evaluates selection bias, performance bias,
detection bias, attrition bias, and reporting bias. For
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observational studies, the Newcastle-Ottawa Scale
(NOS) was used to assess study quality. Studies with
a high risk of bias were excluded from the meta-
analysis.

2.6 Data Synthesis and Statistical Analysis

A meta-analysis was conducted where applicable,
using Review Manager (RevMan) 5.4 and STATA 17.0
software. Heterogeneity among studies was
evaluated using Cochran’s Q test and the |? statistic,
with 1> values >50% indicating significant
heterogeneity. A random-effects model was used
when substantial heterogeneity was detected,;
otherwise, a fixed-effects model was applied. Mean
differences (MD) or standardized mean differences
(SMD) with 95% confidence intervals (Cl) were
calculated for continuous variables. Publication bias
was assessed using funnel plots and Egger’s
regression test.

2.7 Ethical Considerations

As this study is based on publicly available data from
previously published research, no ethical approval
was required. However, ethical principles of
transparency, accuracy, and scientific integrity were
Table 1: Summary of Included Studies

strictly adhered to in the reporting and analysis of
data.

3. Results

This study systematically evaluated the impact of
pulmonary rehabilitation (PR) on lung functions,
exercise capacity, quality of life (Qol), and
psychological well-being in patients with chronic
respiratory diseases (CRDs), including chronic
obstructive pulmonary disease (COPD), interstitial
lung disease (ILD), asthma, and bronchiectasis. The
findings, derived from multiple studies, demonstrate
significant improvements across key clinical
parameters following PR interventions.

A total of five major studies were analyzed,
encompassing 750 participants with various CRDs.
The PR interventions ranged from 8-week to 12-
week programs, including both center-based and
home-based strategies. The primary outcomes
varied across studies, with improvements observed
in lung function (FEV1), exercise capacity (6MWD),
quality of life (QoL), and psychological health (Table
1).

|
Study Sasr?zz € Population Intervention Primary Outcome Key Findings
McCarthy et al. (2021) | 150 COPD 8-week PR FEV1 Improvement +10% FEV1
Spruit et al. (2020) 200 |Mixed CRDs 12-week PR 6MWD Increase +40m 6MWD
Rabe et al. (2023) 180 COPD Home-based PR Qol Enhancement +15% QoL

Hansen et al. (2022) 120 ILD

Tele-rehabilitation

Reduced

0 .
Exacerbations Jd 25% Hospitalizations

Zhou et al. (2022) 100 Asthma

Standard PR

Psychological Benefit | J, Anxiety & Depression

3.1 Lung Function Improvement

Pulmonary function tests revealed statistically
significant improvements in forced expiratory
volume in one second (FEV1), forced vital capacity
(FVC), and peak expiratory flow rate (PEFR) post-
rehabilitation. Notably, FEV1 increased from 1.2 %

Table 2: Changes in Lung Function Parameters After PR

0.3Lto1.4+0.3L(p<0.001), while FEV1/FVC ratio
improved from 48% to 53% (p = 0.005). These
findings suggest enhanced pulmonary mechanics
and airway responsiveness following PR intervention
(Table 2).

Parameter Pre-PR Mean (SD) Post-PR Mean (SD) P-Value
FEV1 (L) 1.2 (0.3) 1.4 (0.3) <0.001
FVC (L) 2.5(0.4) 2.8(0.4) <0.001

FEV1/FVC (%) 48 (5) 53 (5) 0.005
PEFR (L/min) 250 (40) 290 (40) <0.001

3.2 Enhancement in Exercise Capacity

Functional exercise tests demonstrated significant
gains in  6-minute walk distance (6MWD),
incremental shuttle walk test, and endurance time.
The mean 6MWD increased from 320 + 50 meters
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pre-PR to 370 + 55 meters post-PR (p < 0.001),
indicating better physical endurance and reduced
exertional dyspnea. These improvements suggest
that PR effectively enhances cardiopulmonary
fitness, ultimately improving daily functional
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activities (Table 3).
Table 3: Improvements in Exercise Capacity

Measure Pre-PR Mean (SD) Post-PR Mean (SD) P-Value

6MWD (m) 320 (50) 370 (55) <0.001
Incremental Shuttle Walk Test (m) 350 (60) 410 (65) <0.001
Endurance Time (min) 8.5 (2.0) 11.2 (2.5) <0.001

3.3 Quality of Life (QoL) Improvement
Health-related QoL assessments, measured using St.
George’s Respiratory Questionnaire (SGRQ), COPD
Assessment Test (CAT), and the modified Medical
Research Council (mMRC) Dyspnea Scale, showed
considerable improvements. The SGRQ total score
significantly decreased from 60 £ 10 pre-PR to 45 + 8
Table 4: Quality of Life Scores Pre- and Post-PR

post-PR (p < 0.001), indicating reduced symptom
burden and enhanced overall well-being. Similarly,
the CAT score improved from 18 £+ 5to 12 + 4 (p <
0.001). These results highlight the crucial role of PR
in promoting a better health-related quality of life
for CRD patients (Table 4).

QoL Measure Pre-PR Mean (SD) Post-PR Mean (SD) P-Value
SGRQ Total Score 60 (10) 45 (8) <0.001
CAT Score 18 (5) 12 (4) <0.001
mMRC Dyspnea Scale 3.2(0.8) 2.1(0.7) <0.001

3.4 Psychological and Emotional Benefits

In addition to physiological improvements, PR was
associated with a significant reduction in anxiety and
depression, as measured by the Hospital Anxiety and
Depression Scale (HADS-A, HADS-D). Anxiety levels
decreased from 9.0 + 2.5 to 6.2 + 2.0 (p < 0.001),
Table 5: Psychological and Emotional Benefits of PR

while depression scores improved from 8.5 + 2.3 to
5.8 + 2.1 (p < 0.001). Additionally, self-efficacy,
measured using the Chronic Respiratory Disease
Questionnaire (CRQ), improved from 3.5 + 0.8 to 4.8
+ 1.0 (p < 0.001), emphasizing the psychological and
emotional benefits of PR (Table 5).

Psychosocial Outcome Pre-PR Mean (SD) Post-PR Mean (SD) P-Value
Anxiety (HADS-A) 9.0(2.5) 6.2 (2.0) <0.001
Depression (HADS-D) 8.5(2.3) 5.8(2.1) <0.001
Self-efficacy (CRQ) 3.5(0.8) 4.8 (1.0) <0.001

3.5 Adherence and Dropout Rates in PR Programs
PR program adherence varied depending on the

rehabilitation mode.

Center-based PR had a

completion rate of 75%, whereas home-based PR

and tele-rehabilitation achieved 80%

and 85%

Table 6: Adherence and Dropout Rates in PR Programs

adherence rates, respectively. The primary reasons
for dropout included transportation issues (25%),
lack of motivation (20%), and technical barriers
(15%) in tele-rehabilitation settings (Table 6).

Program Type Completion Rate (%) Dropout Rate (%) Primary Dropout Reason
Center-based PR 75 25 Transportation Issues
Home-based PR 80 20 Lack of Motivation

Tele-rehabilitation 85 15 Technical Barriers
3.6 Barriers and Challenges in PR Implementation adherence (25%) remain significant obstacles.

Despite the well-documented benefits of PR, certain
barriers hinder its widespread implementation. Lack
of awareness (40%), limited access to PR centers

(35%), financial
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constraints

(30%), and low

@

Suggested solutions include patient education,
decentralization of PR programs, insurance
coverage, and behavioral interventions to enhance
engagement and accessibility (Table 7).
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Table 7: Barriers and Challenges in PR Implementation

Barrier Prevalence (%) Potential Solution
Lack of Awareness 40 Patient Education
Limited Access to PR Centers 35 Decentralized PR Programs
Financial Constraints 30 Insurance Coverage
Low Adherence 25 Behavioral Interventions

3.7 Summary of Key Findings

The findings of this study underscore the significant
benefits of pulmonary rehabilitation (PR) in chronic
respiratory disease (CRD) patients. Post-PR, there
was a marked improvement in lung function
parameters, including FEV1, FVC, and PEFR,
indicating enhanced pulmonary capacity and
ventilation efficiency. Exercise capacity also showed
substantial gains, with increases in six-minute walk
distance (6MWD) and endurance time, alongside a
reduction in dyspnea severity. Quality of life (Qol)
metrics, as assessed by SGRQ, CAT, and mMRC
scores, demonstrated notable improvements,
reflecting better daily functioning and symptom
management. Furthermore, PR contributed to
psychological well-being, significantly reducing
anxiety and depression levels, which are common
comorbidities in CRD patients. The study also
highlighted higher adherence rates in home-based
and tele-rehabilitation PR programs, suggesting the
feasibility of alternative rehabilitation models.
However, key barriers to PR implementation remain,
including lack of awareness, financial constraints,
and accessibility challenges, which need to be
addressed to enhance the reach and effectiveness of
pulmonary rehabilitation programs.

4. Discussion

4.1 Impact of Pulmonary Rehabilitation on Lung
Function

The results of this study demonstrate that
pulmonary rehabilitation (PR) significantly improves
lung function in chronic respiratory disease (CRD)
patients, as evidenced by the statistically significant
improvements in forced expiratory volume in one
second (FEV1), forced vital capacity (FVC), and peak
expiratory flow rate (PEFR) (Table 2) (Bickton et al.,
2020). These findings align with previous studies
that suggest PR plays a crucial role in enhancing
ventilatory efficiency, respiratory muscle strength,
and airway clearance mechanisms (McCarthy et al.,
2025).

Our results showed a 10% improvement in FEV1
post-PR, consistent with prior research by Spruit et
al. (2020), which reported an 8-12% increase in
FEV1 in COPD and ILD patients following structured
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PR programs. The increase in FVC from 2.5L to 2.8L
post-PR further indicates that PR contributes to
better lung expansion and alveolar recruitment,
improving overall pulmonary mechanics. Similar
trends were reported in studies analyzing PR
interventions in restrictive lung diseases, such as
interstitial lung disease (ILD), where respiratory
muscle training resulted in enhanced lung
compliance (DePietro et al.,, 2022), (Hoffma et al.,
2021).

Another key observation was the improvement in
PEFR from 250 L/min to 290 L/min (p < 0.001),
demonstrating PR’s role in optimizing airway
resistance and expiratory airflow (Shah et al., 2024).
This is particularly relevant for patients with airflow
obstruction, such as those with COPD and asthma,
where airway remodeling and chronic inflammation
lead to progressive decline in pulmonary function
(Pascual et al., 2005). The ability of PR to reverse or
slow down these degenerative changes suggests
that it should be considered a core component of
CRD management strategies alongside
pharmacological (Gupte et al., 2017).

4.2 Enhancement of Exercise Capacity and Dyspnea
Reduction

One of the most significant benefits of PR is the
improvement in exercise tolerance and reduction in
dyspnea severity (Table 3). The observed increase in
6-minute walk distance (6MWD) from 320m to 370m
aligns with the results of previous clinical trials,
which reported gains of 40—-60 meters following PR
(Alsuwaylihi et al.,, 2024) (Wu et al.,, 2022)The
increase in incremental shuttle walk test distance
and exercise endurance time further supports the
efficacy of PR in improving functional mobility and
skeletal muscle endurance, both of which are
impaired in CRD patients due to chronic hypoxia,
muscle deconditioning, and systemic inflammation
(Shea et al., 2009).

The mechanism behind these improvements can be
attributed to peripheral muscle adaptation and
enhanced oxygen utilization, which reduce the
metabolic load on the respiratory muscles and
improve exercise performance (Salgado et al., 2025).
Moreover, PR incorporates breathing techniques
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such as pursed-lip breathing and diaphragmatic
training, which contribute to reduced dyspnea
intensity by  optimizing  ventilation-perfusion
matching (Fan et al., 2024)These findings reinforce
the role of PR in breaking the vicious cycle of
dyspnea, physical inactivity, and muscle wasting, a
hallmark feature in COPD and other chronic lung
diseases.

4.3 Quality of Life Improvements Following PR
Beyond physiological benefits, PR significantly
enhances quality of life (QolL) in CRD patients, as
reflected in the substantial improvements in St.
George’s  Respiratory  Questionnaire  (SGRQ)
(Chandra et al., 2021), COPD Assessment Test (CAT)
(Priya et al., 2021) and modified Medical Research
Council (mMRC) (Chandra et al.,, 2021) Dyspnea
Scale scores (Table 4). The reduction in SGRQ total
score from 60 to 45 suggests that PR contributes to
better symptom management, reduced
exacerbation risk, and enhanced functional
independence. These findings are in agreement with
previous studies that indicate a clinically meaningful
improvement in QoL scores after PR, with patients
reporting better sleep, reduced fatigue, and
increased participation in daily activities (Schmeding
et al., 2013).

Similarly, the observed reduction in CAT score from
18 to 12 post-PR highlights improvements in
symptom burden, particularly in domains such as
cough severity, mucus production, and
breathlessness during exertion (Rebelo et al.,). The
MmMRC Dyspnea Scale scores further corroborate
this, demonstrating a shift from 3.2 to 2.1, indicating
reduced dyspnea perception and enhanced activity
tolerance (Ouaalaya et al., 2021).

4.4 Psychological Benefits of PR: Addressing
Anxiety and Depression

One of the most overlooked but crucial benefits of
PR are its role in improving mental health outcomes
(Table 5). CRD patients often experience anxiety and
depression; driven by chronic breathlessness, fear of
exacerbations, and limitations in daily activities
(Ambrosino et al., 2019). The study findings revealed
a significant reduction in anxiety (HADS-A scores: 9.0
to 6.2) and depression (HADS-D scores: 8.5 to 5.8)
post-PR, indicating that structured rehabilitation
programs have a profound impact on psychological
well-being.

These improvements can be attributed to several
factors, including enhanced physical fitness,
improved self-efficacy, greater social support, and
reduced dyspnea-related distress. Similar outcomes
have been reported in studies exploring PR and
mental health, which suggest that regular physical
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activity, mindfulness breathing techniques, and

patient counseling sessions can significantly alleviate

depressive and anxiety symptoms (Zhou et al.,

2022).

5. Conclusion

The findings underscore the indispensable role of

pulmonary rehabilitation in improving lung function,

exercise capacity, and quality of life in chronic
respiratory disease patients. However, addressing
existing barriers through innovative PR delivery
models is crucial for optimizing patient outcomes
and expanding accessibility. Future research should
focus on long-term benefits, cost-effectiveness, and
tele-rehabilitation advancements to further enhance

PR's impact on CRD management.
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