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Abstract
Background: Pulmonary rehabilitation (PR) is a guideline-recommended, multidisciplinary intervention combining supervised

exercise training, education, and self-management support for COPD, yet real-world referral and completion rates remain low

despite consistent evidence of benefit.

Objective: This review synthesizes published evidence on clinical outcomes of PR programs in COPD, covering exercise capacity,

dyspnea, quality of life, exacerbation risk, and program-design factors.

Methods: We synthesized randomized controlled trials, meta-analyses, and major society statements addressing supervised PR,

home-based and tele-rehabilitation models, exercise modalities, and maintenance strategies in stable and post-exacerbation COPD.

Findings: PR produces clinically important gains in six-minute walk distance and peak exercise capacity, meaningful reductions

in dyspnea and improvements in quality of life, and when initiated after an acute exacerbation, is associated with fewer

readmissions and lower mortality; benefits attenuate over 12-24 months without maintenance.

Conclusions: Pulmonary rehabilitation remains among the most effective non-pharmacological interventions in COPD, and

expanding access through home-based, tele-rehabilitation, and early post-exacerbation delivery models is central to closing the

gap between efficacy and real-world uptake.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) produces

a self-reinforcing cycle in which airflow limitation causes

dyspnea on exertion, dyspnea drives avoidance of activity,

and inactivity accelerates skeletal muscle deconditioning

that itself worsens exercise-related breathlessness

independent of lung function. Pulmonary rehabilitation

(PR) was developed to interrupt this cycle, and it has

become the most consistently effective

non-pharmacological intervention available for COPD,

built around supervised exercise training combined with

education, nutritional counseling, and self-management

support delivered by a multidisciplinary team [1,2]. The

physiological rationale is well established: COPD causes

measurable peripheral and respiratory muscle

dysfunction, including fiber-type shift and reduced

oxidative capacity, that responds to structured training

largely independent of the severity of airflow obstruction

itself [3,4]. Because the limitation to exercise in COPD is as

much peripheral and deconditioning-related as

ventilatory, training can improve functional capacity

without any change in forced expiratory volume, the

central premise underlying PR's clinical effect.

The evidence base supporting PR in COPD is unusually

deep, spanning multiple Cochrane systematic reviews,

large multicenter randomized trials, and joint statements

from the American Thoracic Society and European

Respiratory Society [5,6,1]. Despite this, referral to and

completion of PR remains strikingly low in routine

practice, with only a small minority of eligible patients

enrolling, and completion rates among those referred

often falling below half [7,8]. This review synthesizes what

the literature has established about the clinical outcomes

of PR in COPD, organized around exercise capacity,

dyspnea and quality of life, exacerbation and

hospitalization risk, delivery-model factors, and durability

of benefit, with attention to the gap between

demonstrated efficacy and real-world implementation.

2. Physiological rationale and program structure

Modern PR programs are built around individualized,

progressive endurance and resistance training, typically

delivered two to three sessions per week over six to twelve

weeks, alongside education on self-management,

breathing strategies, nutrition, and psychosocial support

[2,9]. The joint ATS/ERS statement on key concepts in PR

emphasizes exercise training as the cornerstone

component, with education and self-management serving

as adjuncts that improve adherence and extend benefit

rather than substituting for supervised training [2].

Endurance training at intensities calibrated to individual

tolerance produces greater adaptation than fixed

low-intensity protocols, and interval training is an

effective alternative for patients too breathless to sustain

continuous moderate-intensity exercise, achieving

comparable effect with lower peak ventilatory demand

[10,11].

Resistance training targeting large muscle groups

addresses the peripheral muscle dysfunction common in

COPD, and combined aerobic-resistance protocols are

now generally preferred because they produce greater

gains in strength and lean mass without sacrificing

cardiorespiratory benefit [3,12]. Ground-based walking

training, which more closely mimics daily functional

demands than cycle ergometry, improves quality of life

and exercise capacity comparably to traditional programs,

and is attractive for centers without laboratory-based

equipment [13]. The mechanism by which these programs

relieve dyspnea, beyond deconditioning reversal, includes

reduced dynamic hyperinflation and improved ventilatory

efficiency, consistent with exertional dyspnea in COPD

arising from mismatch between ventilatory demand and

the hyperinflated respiratory system [14].

3. Effects on exercise capacity

The six-minute walk test and incremental or endurance

cycle ergometry are the most widely reported outcome

measures in PR trials, and the Cochrane systematic review
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of PR for COPD, encompassing dozens of randomized

trials, found consistent, clinically important

improvements in exercise capacity following supervised

programs versus usual care, with pooled effect sizes

exceeding the minimal clinically important difference for

six-minute walk distance [5]. Earlier Cochrane reviews

reached the same conclusion, and the consistency of the

effect across successive updates is part of why PR carries

such a strong grade of recommendation in COPD

guidelines [6,15]. The field-walking test literature has itself

been formally standardized, with joint ERS/ATS technical

statements establishing protocol requirements and

interpretation thresholds that most contemporary PR

trials now follow [16,17].

Figure 1: Mean change in six-minute walk distance from baseline with
usual care versus supervised center-based and home-based
pulmonary rehabilitation programs, illustrating that home-based
delivery achieves gains comparable to center-based programs and
both substantially exceed the minimal clinically important difference
[5,30].

Improvements are not limited to submaximal walking

tests. Endurance cycle time to symptom limitation, a more

sensitive measure of exercise tolerance than peak

workload, improves substantially after PR, often by a

greater relative margin than walking distance, reflecting

the training-induced increase in capacity to sustain

submaximal work [4,18]. Improvement magnitude

correlates with adherence and completed session count,

reinforcing that gains reflect a genuine training effect, and

randomized comparisons of individualized versus

fixed-intensity prescriptions in older patients have shown

that tailoring intensity to functional status further

improves the size of the gain achieved [19].

4. Dyspnea and health-related quality of life

Beyond exercise capacity, PR produces measurable

improvements in patient-reported dyspnea and

disease-specific health status, most commonly assessed

with the Chronic Respiratory Questionnaire and the St

George's Respiratory Questionnaire, both of which show

changes exceeding established minimal clinically

important difference thresholds in most trials reviewed

[20,2]. The COPD Assessment Test, developed more

recently as a shorter, more accessible instrument, has

since been widely adopted in PR outcome reporting and

shows similarly consistent improvement across

completers [21]. Griffiths and colleagues, in one of the

earlier large UK multicenter trials of outpatient

multidisciplinary PR, demonstrated significant one-year

improvements in health status and walking distance

versus usual care, instrumental in establishing PR's place

in national guidelines [22].

Quality-of-life benefit appears at least partly independent

of baseline disease severity, with patients across a wide

range of airflow obstruction reporting meaningful gains,

supporting current guidance that eligibility should rest on

functional limitation and symptom burden rather than

spirometric severity alone [23,24]. Reductions in dyspnea

during daily activities translate into broader gains in

self-efficacy and reduced anxiety and depressive

symptoms, outcomes increasingly recognized as central to

why PR is valued beyond any single physiological measure

[2,12].

Table 1: Patient-reported outcome instruments commonly used to
assess pulmonary rehabilitation benefit in COPD, with typical
direction of change and reported minimal clinically important
difference [2,21,20].
Instrument Domain

assessed
Typical change
after PR

Reported
MCID

Chronic
Respiratory
Questionnaire
(CRQ)

Dyspnea, fatigue,
emotion,
mastery

Improvement
across all four
domains

0.5 points per
domain
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Instrument Domain
assessed

Typical change
after PR

Reported
MCID

St George's
Respiratory
Questionnaire
(SGRQ)

Symptoms,
activity, impact

Decrease
(improvement)
in total score

4 points

COPD
Assessment Test
(CAT)

Global symptom
burden

Decrease
(improvement)
in total score

2 points

6-minute walk
distance
(6MWD)

Functional
exercise capacity

Increase in
distance walked

25-30 meters

5. Exacerbation, hospitalization, and survival
outcomes

The most clinically consequential evidence concerns PR's

effect on exacerbation frequency, hospital readmission,

and mortality, particularly when initiated soon after an

acute exacerbation. Man and colleagues, in an early

randomized study, found that community-based PR

begun shortly after hospital discharge reduced

subsequent admissions and improved health status versus

usual care, establishing the post-exacerbation window as

a high-yield period for enrollment [25]. The Cochrane

review of PR following exacerbations confirmed this

across a larger evidence base, reporting reductions in

readmission and improvements in quality of life and

exercise capacity, with some trials also suggesting a

mortality benefit, though with heterogeneity in program

timing and intensity [26].

Large observational analyses using national claims data

have reinforced these trial findings at population scale.

Lindenauer and colleagues, analyzing Medicare

beneficiaries hospitalized for COPD, found that PR

initiated within three months of discharge was associated

with significantly lower one-year mortality than no PR, an

association that persisted across sensitivity analyses

addressing confounding by indication [27]. Stefan and

colleagues, examining the same population, found early

PR initiation also associated with reduced all-cause and

COPD-specific rehospitalization risk [28]. Camillo and

colleagues, following PR completers over several years,

found that baseline functional exercise capacity and its

improvement during the program independently

predicted longer-term survival [29].

Figure 2: One-year all-cause hospital readmission rate among patients
hospitalized for a COPD exacerbation, stratified by whether and how
soon pulmonary rehabilitation was initiated after discharge, showing
a graded reduction in readmission risk with earlier PR enrollment
[27,28].

6. Program delivery models and access

Despite this evidence, PR referral and completion rates

remain low, and a substantial literature has examined

why. Keating and colleagues' systematic review of barriers

to attendance identified transportation difficulties,

comorbid illness burden, lack of perceived benefit, and

scheduling conflicts as recurring obstacles, motivating

alternative delivery models that reduce the burden of

traditional center-based attendance [8]. Home-based PR,

delivered with minimal equipment and periodic

supervision, has been shown in randomized equivalence

trials to produce outcomes statistically indistinguishable

from center-based programs on walking distance and

health status, offering a scalable alternative for patients

unable to attend regularly [30].

Telerehabilitation extends this logic by delivering

supervised or semi-supervised training remotely, and the

Cochrane review of telerehabilitation for chronic

respiratory disease found outcomes broadly comparable

to center-based programs, while noting that evidence

quality and long-term follow-up remain more limited [31].

Vasilopoulou and colleagues evaluated a home-based

maintenance telerehabilitation program after initial PR
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and found that ongoing remote supervision reduced acute

exacerbations, hospitalizations, and emergency visits

versus usual follow-up [32]. Self-management

interventions, often bundled with PR, have shown

independent reductions in hospital utilization when

structured around individualized action plans and

case-manager contact, as in Bourbeau and colleagues'

trial, though the Cochrane review of self-management for

COPD found effects varying with program intensity and

structure [33,34].

Table 2: Comparison of pulmonary rehabilitation delivery models by
setting, supervision intensity, and reported outcome equivalence
relative to standard center-based programs [30,31,32].
Delivery model Supervision Typical

setting
Outcome
relative to
center-based
PR

Center-based PR Direct, in
person

Hospital or
outpatient
clinic

Reference
standard

Home-based PR Periodic
in-person or
phone review

Patient's
home

Statistically
equivalent on
6MWD and
SGRQ

Telerehabilitation Remote,
real-time or
asynchronous

Patient's
home via
video/device

Broadly
comparable,
less long-term
evidence

Maintenance
telerehabilitation

Remote, lower
intensity

Post-PR
follow-up

Reduced
exacerbations
and ED visits vs
usual follow-up

7. Maintenance and durability of benefit

A persistent limitation is that gains achieved during a

structured program tend to erode over the following one

to two years without ongoing reinforcement. Ries and

colleagues' randomized maintenance trial found that a

structured maintenance program following initial PR

preserved a meaningfully larger fraction of the

exercise-capacity gain than usual follow-up alone,

demonstrating that durability depends on continued

activity reinforcement [35]. Beauchamp and colleagues'

systematic review of optimal PR duration and

maintenance strategies concluded that longer initial

programs and structured maintenance both extend

benefit duration, though the format and intensity that

best sustains gains remains incompletely defined [36].

Guell and colleagues' long-term follow-up found that

benefits in exercise tolerance and quality of life, while

attenuating, remained detectable at two years relative to a

non-rehabilitated comparison group [20]. Ambrosino and

Strambi's review emphasized that combining

pharmacological bronchodilation with exercise training,

and integrating maintenance activity into ordinary

routines rather than treating it as a separate intervention,

offers the most realistic path to sustaining gains, a

conclusion echoed in recent workshop reports on modern

PR design [37,9]. Taken together, this evidence indicates

PR should be conceptualized as the intensive initiation

phase of a longer-term strategy rather than a

fixed-duration episode, a framing reflected in current

ATS/ERS policy guidance on implementation [7,24].

8. Conclusion

The clinical outcomes literature on PR in COPD is

remarkably consistent: supervised, multidisciplinary

programs produce clinically important improvements in

exercise capacity, dyspnea, and quality of life, and when

delivered soon after an acute exacerbation, are associated

with fewer readmissions and improved survival [5,26,27].

These benefits arise from a well-characterized

mechanism, training-induced reversal of peripheral

muscle deconditioning and improved ventilatory

efficiency, rather than change in the underlying airflow

obstruction, which is why PR benefits patients across the

spectrum of severity [3,23]. The principal unmet

challenges are not efficacy but durability and access: gains

erode without structured maintenance, and referral and

completion rates remain far below what the evidence

justifies, driven by barriers that home-based and

telerehabilitation models are only beginning to close

[36,31,8]. Closing that gap, through earlier

post-exacerbation enrollment, flexible delivery formats,
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and structured long-term maintenance, remains the

central priority for improving outcomes in COPD [7,9].
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