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Patients with chronic obstructive pulmonary disease receive a range of treatments including but not limited to inhaled
bronchodilators, inhaled and systemic corticosteroids, supplemental oxygen, and pulmonary rehabilitation. Pulmonary
rehabilitation is a multidisciplinary intervention that seeks to combine patient education, exercise, and lifestyle changes
into a comprehensive program. Programs 6 to 8 weeks in length have been shown to improve health, reduce dyspnea,
increase exercise capacity, improve psychological well-being, and reduce healthcare utilization and hospitalization.
Although the use of pulmonary rehabilitation is widely supported by the literature, controversy still exists regarding what
should be included in the programs. The goal of this review was to summarize the evidence for pulmonary rehabilitation
and identify the areas that hold promise in improving its utilization and effectiveness.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a dev-
astating condition and is currently the third leading cause of
mortality worldwide'. COPD is also the seventh leading cause
of disability-adjusted life years, ranking higher than diabetes
mellitus and human immunodeficiency virus/acquired im-
mune deficiency syndrome'. In the early stages of the disease,
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patients often limit their physical activity to avoid dyspnea’.
With disease progression, physical activity’ and exercise
capacity continue to decline, leading to a vicious cycle of de-
conditioning, dyspnea, and further reduction in physical inac-
tivity". Morning symptoms including coughing and sputum
production are also associated with reduced physical activity”.
Reduced exercise capacity is linked to disability and is a strong
predictor of poor health status and early mortality*"’. Thus,
there is clearly a need to improve exercise capacity and physi-
cal activity in COPD patients in order to improve outcomes.
Pulmonary rehabilitation (PR) serves that purpose, and is
defined as “a comprehensive intervention based on thorough
patient assessment followed by patient-tailored therapies that
include, but are not limited to exercise training, education,
self-management intervention aiming at behavior change,
designed to improve the physical and psychological condition
of people with chronic respiratory disease and to promote the
long-term adherence to health-enhancing behaviors™'. PR is
well supported by the literature, and has been shown to im-
prove health status, reduce dyspnea, improve psychological
well-being, and reduce healthcare utilization and hospitaliza-
tion""""®. Exercise training, in particular, is a highly effective in-
tervention in COPD patients to improve exercise capacity and
health status', but it is too often overlooked. In fact, because of
the strength of evidence supporting PR, there is a call to cease
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controlled trials comparing PR to standard care'”. The impor-
tant question now is how we can continue to improve the out-
comes and usage of PR going forward. This review will serve
as a summary of the current developments and interventions
while identifying burgeoning areas of PR that warrant further
investigation.

Pathophysiology of Exercise Limitation

Exercise limitation in COPD is multifactorial and variabe
between patients, with contributions from respiratory impair-
ment, cardiovascular comorbidities and musculoskeletal
dysfunction'*". Leg fatigue is commonly cited as a limiting
factor for exercise. COPD patients have been shown to have
significantly reduced lower limb citrate synthase and 3-hy-
droxyacyl CoA dehydrogenase enzymes™ contributing to
reduced muscle oxidative capacity’"*. There is a significant
correlation between citrate synthase levels and peak exercise
capacity, independent of lung function impairment™. This is
in agreement with other studies showing quadriceps strength
to be correlated with exercise capacity independent of respi-
ratory function®*'. Lower extremity muscles have also been
shown to have fewer type I fibers®', and to undergo apoptosis™
and atrophy® in COPD patients. This constellation of cellular
changes leads to earlier onset of lactic acidosis® and subse-
quent fatigue at lower levels of exercise performance. Some
have attributed these changes to muscular deconditioning—
a consequence of long-term inactivity and sedentary lifestyle
due to disease-related exercise limitation”. The changes seen
in the skeletal muscles of COPD patients are complex, and
there is debate on how much they constitute a true myopathy
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versus a consequence of inactivity”*”. This is by no means a

complete list of lower limb muscular dysfunction, but should
serve as an introduction to familiarize readers with the major
pathologic changes™.

Recognizing the importance of air trapping and hyperinfla-
tion is key to understanding the pathophysiology of COPD and
how it also plays a role in exercise limitation. COPD patients
have impaired expiratory flow and therefore reduced lung
emptying capacity due to increased airway resistance and
reduced lung elastic recoil. During exercise, with increased
breathing frequency, there is even less time for lung emptying,
which leads to increased end-expiratory lung volume, air trap-
ping, and dynamic hyperinflation®. Muscular deconditioning
and premature lactic acidosis increases ventilatory require-
ment during activities of daily living”. This increases dynamic
hyperinflation, resulting in a decline in physical activity and
worsening of other patient-centered outcomes (Figure 1)*.
The cycle of exercise limitation and de-conditioning is shown
diagrammatically in Figure 1*. Many patients cite the avoid-
ance of dyspnea early in their disease as a cause of decline in
physical activity”. Because low physical activity is correlated
with higher mortality in COPD patients®), it is evident that
increasing their willingness and ability to exercise should be
a goal of treatment. Less than half of all US. citizens meet the
physical activity guidelines stipulated by the Center for Dis-
ease Control for the maintenance of physical wellbeing” and
there is growing awareness that healthcare providers should
be prescribing physical activity in their practice™. As the inci-
dence of COPD rises in an increasingly sedentary population,
the prescription for PR is now more pressing than ever.

----1 Exacerbations
t Ventilatory
7 Tachypnea T Sl rcquirement R

Figure 1. Schematic representation of the
\ pathophysiology of chronic obstructive

\ pulmonary disease (COPD) showing the
1 central role of air-trapping and hyperin-
flation leading to increased dyspnea, ac-
Y tivity limitations and poor health-related
| quality of life. Exacerbations, which

Activity limitation

/ worsen airflow obstruction, physical de-
’ conditioning, which increases ventilatory
- requirements and hypoxemia and/or

anxiety, which shorten exhalation time,
all aggravate hyperinflation. Reprinted
with permission from Cooper CB. Am J
Med 2006;119:21-31, with permission of
Elsevier™.
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Goals of Training and First Steps

Even though COPD patients have impaired exercise capac-
ity, the core principles of PR should be based on accepted te-
nets of exercise science. The initial training load should match
the particular requirements and health status of the patient
but still exceed demands encountered in activities of daily
living. The workload should dynamically increase in order to
improve muscle conditioning and cardiorespiratory fitness.
In COPD patients, rehabilitation is the best way to improve
muscle function®* and it is the most effective intervention to
reduce dyspnea and improve health status"’. Maintenance of
physical fitness is a general necessity, even in milder COPD,
but patients with moderate to severe disease have the most
potential to benefit'. The increased oxidative capacity of
skeletal muscles leads to decreased ventilatory requirement,
reducing exertional dyspnea and dynamic hyperinflation,
thus improving exercise capacity. These benefits are even ap-
plicable to patients late in the disease course’*” and may also
benefit those with chronic hypercapnic ventilatory failure™.
In addition to the disease-specific improvements from PR,
COPD patients also benefit from the ubiquitous benefits of

Clinical stage Gold stage

(approximate)

Inhaled therapy

exercise, i.e, effects on improving psychological well-being,
decreasing fluctuations in mood, and improving cardiovascu-
lar function"'. These are all contributing factors that make PR
a potent intervention in improving health status.

Before being prescribed PR, a thorough initial assessment
must be done to ensure the patient is an appropriate candi-
date and will not be endangered through exercise participa-
tion"". This assessment should identify the patient’s disease
stage, specific healthcare needs, smoking status, nutritional
health, and social circumstances"". At this point, it is also per-
tinent to identify the patient’s specific cause of exercise limita-
tion and tailor an exercise program that aligns with their goals
of treatment”'. A patient-centered approach is vital to treat-
ment, which includes setting goals and establishing an action
plan"’. A clear treatment algorithm, as shown in Figure 2, can
be beneficial for providers in educating their patients on how
PR fits with their holistic care™. These considerations, prior to
starting treatment, have been shown to have direct benefits
in reducing health care utilization, improving recovery time,
and reducing costs""". Although education is a necessary first
step in behavior change, it is likely not sufficient in providing
patients the tools to take action in their own lives. Self-man-

Non-pharmacological therapy

. Smoking cessation
At risk 0 Avoidance of exposure
A 4 v
Intermittent symptoms 1 SAMA, SABA, or SAMA+SABA Vaccination
(influenza, pneumococcal)
v v Y
Pulmonary rehabilitation
LAMA+SABA LABA+SAMA (exercise prescription)
Persistent symptoms 2
v
LAMA+LABA
Frequent exacerbations 3 v
Clinical pehnotyping Y
Supplemental oxygen
) ) Lung volume reduction surgery
Respiratory failure 4 Lung transplantation

Figure 2. An algorithm for the treatment of chronic obstructive pulmonary disease based on clinical staging. Maintenance long-acting inhaled
bronchodilator therapy and pulmonary rehabilitation should be introduced as soon as patients start to exhibit persistent, i.e., daily, symp-
toms, despite the use of short-acting inhaled bronchodilators. SAMA: short-acting muscarinic antagonists; SABA: short-acting beta agonists;
LAMA: long-acting antimuscarinics; LABA: long-acting beta agonists. Reprinted from Cooper CB and Barjaktarevic I. Lancet Respir Med
2015;3:266-8, with permission of Elsevier™.
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agement training is a more active form of patient education,
which consists of personal care education, motivational inter-
viewing, and skill development in collaboration with trained
self-management professionals"'. Figure 3 shows this process
and how it fits into the holistic care model®. These interven-
tions are associated with improved health status, a reduction
in hospital admission, and improvements in dyspnea®. The
Global Initiative for chronic Obstructive Lung Disease (GOLD)
criteria emphasize the need to assess individual health litera-
cy and self-management capacity, but it should also be a goal
to improve these skills throughout the course of treatment as
they confer significant improvements in health status™.

The chronic care model, for example, is a multidisciplinary
approach to chronic disease management that dynamically
caters to the individual needs of a patient. It is a widely ac-
cepted model in other chronic diseases but is generally lack-
ing in COPD. Although it is still unclear how an organized
approach to care such as the chronic care model can promote
physical activity in COPD patients”, the data suggest the
model may reduce hospitalizations in COPD patients™. A
meta-analysis of integrated disease management programs
showed improvements in quality of life, exercise capacity, all
aspects of the Chronic Respiratory Questionnaire (dyspnea,
fatigue, emotional, and mastery) and a reduction in hospital
admissions™. These findings support the long-standing notion
that well organized care is important, though these needs are
frequently overlooked.

Rehabilitation Programs

Whilst educational components, such as those described
above, are routinely incorporated into PR programs, unques-
tionably, structured exercise training has been recognized as
the foundation of a comprehensive program. It is guided by
many elements, including type of activity, intensity, duration,
frequency, and progression. Additionally, the program should
be dynamic yet flexible with modification of these variables
depending on the patient’s response. Evidence shows that
supervised exercise training is better than unsupervised
training” and that sessions should be at least twice a week or
preferably three times per week™. There is insufficient data on
which modality of exercise provides optimal benefit"*'. With
regard to exercise modality, a distinction must be made be-
tween methods that are currently supported by evidence and
those that are questionably evidence-based''. The American
College of Chest Physicians/American Association of Car-
diovascular and Pulmonary Rehabilitation guidelines recom-
mend the use of upper and lower extremity exercise training,
patient education, and resistance training as the core of PR".
Lower extremity endurance exercises such as cycling and
treadmill show high grade evidence in improving dyspnea
in patients with COPD, making it a highly recommended
component of PR*"". This intuitively makes sense, as a central
component in the vicious cycle of exercise limitation is de-
conditioning of the large muscles of the legs. There is also evi-
dence that a combination of resistance and endurance train-
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Figure 3. A comprehensive care model
for chronic obstructive pulmonary dis-
ease that incorporates formulating an
action plan, educating patients, develop-
ing collaborative self-management, and
implementing pulmonary rehabilitation.
These elements represent an essential
continuum leading to fully integrated
care. Reprinted from Wagg K. Chron
Respir Dis 2012;9:5-7, with permission of
SAGE Publications™.
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ing give greater increases in leg muscle strength compared to
endurance training alone™. The mechanism of PR is multifac-
torial, but muscular reconditioning through endurance train-
ing plays a central role and is demonstrated in Figure 4°".

Patients see optimal benefits in programs 6 to 8 weeks long,
and there is no evidence showing programs 12 weeks or lon-
ger provide advantages'. In an ideal scenario, all patients after
their PR will continue to exercise consistently to maintain
their health status and further improve their quality of life.
Unfortunately, not all patients will be able to do so. The topic
of long-term rehabilitation is controversial and the subject of
ongoing research. One promising method is follow-up main-
tenance exercise, which may prolong some of the clinical ben-
efits for up to 2 years™ and further reduce healthcare utiliza-
tion', In patients who have already undergone rehabilitation,
increased levels of physical activity in patients undergoing
maintenance programs correlates with improved quality of
life and dyspnea™. Supervised maintenance exercise follow-
ing PR may also decrease health care utilization compared
to standard PR". This constellation of findings suggest that
maintenance therapy should be considered as a potential
next step in the evolution of PR. One question that should be
answered is whether or not maintenance therapy needs to
be formalized as a specific program or if similar results can
be observed in COPD patients who maintain active lifestyles
independently.

Casaburi et al.” demonstrated that three, 45-minute ses-
sions of cycle ergometer training per week for 6 weeks result-
ed in a progressive increase in work capacity. Higher exercise
intensity shows a greater training effect” and may produce
superior results in less training time”. The increased benefits
of higher intensity guide the current recommendation that
rehabilitation should be performed at the highest tolerable
intensity. Muscle biopsies following training have shown el-
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evated levels of oxidative enzymes, including citrate synthase
and 3-hydroxyacyl-CoA, suggesting an increase in muscular
oxidative capacity” which counters the degenerative changes
discussed earlier””. The evidence supporting lower limb en-
durance training is strong™'""’, but the efficacy of upper limb
training is mixed”'. Upper limb training may reduce dyspnea,
but conclusions should be drawn with caution due to hetero-
geneity of upper limb exercise types®'. Upper limb exercises
are indeed beneficial on their own, but they should not be
used as a replacement for lower limb exercise. Instead, they
should be combined to maximize beneficial effects. Future
randomized controlled trials should explore the benefits of
upper limb training combined with lower limb training and
what upper limb exercises are most effective.

The incorporation of resistance training in PR is an active
area of investigation, but the questions of when and how to
use it remain unresolved. Progressive resistance training by
itself may lead to significant increases in muscle size, strength,
and self-reported health status with equal improvements in
symptom burden and exercise capacity compared to endur-
ance training’**. These improvements in muscle strength and
size are greater in resistance training compared to endurance
training™, suggesting that resistance training may have a role
in patients with particularly advanced muscle atrophy and
deconditioning. In a metanalysis of randomized controlled
trials comparing resistance training to aerobic training, there
was no significant difference in health status measured by
the Chronic Respiratory Questionnaire and no difference in
walking distance®. Strength training on its own appears to be
equally effective compared to endurance training. A combina-
tion of resistance training with endrance training may lead to
even greater improvements in health status as measured by
the total and symptom domain scores of the St. George’s Re-
spiratory Questionnaire®. A limitation of these results is that

Physical

RO Figure 4. lllustration of the potential of

pulmonary rehabilitation for reversing
the vicious cycle of deconditioning and
declining exercise capacity. Pulmonary
rehabilitation leads to the reconditioning
of skeletal muscle, a reduction in lactic
acidosis, decreased ventilatory require-
ment, and increased exercise capacity.
Reprinted from Cooper CB. Med Sci
Sports Exerc 2001;33(7 Suppl):S671-
9, with permission of Wolters Kluwer
Health, Inc.””.
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subjects included in these analyses were those who desired
to participate in resistance training”. Despite this potential for
bias, the point remains that patients who are able and willing
to perform resistance training in addition to or as an alterna-
tive to a standard PR regimen may benefit from improved
health status. Some investigators have used resistance training
prior to endrance training as a method of preconditioning®.
This was shown to increase muscle endurance by almost 30%
compared to concurrent resistance and endurance exercise,
however this required a 16-week program versus the standard
8 weeks and other clinical outcomes were not significantly
different®. Future studies should weigh the potential benefits
of preconditioning versus the increased time and resources
required and whether or not a conjoined program would
be a better alternative. Resistance training may also reduce
body mass index in obese COPD patients® and can reduce
the risk of falls in the elderly”, so the benefits of resistance
training may vary based on patient characteristics. The lack of
definitive superiority of one training method versus the other
suggests that PR programs should prescribe a program that
suits the patient’s own preferences, health status, and charac-
teristics. Future research should identify which patients may
benefit most from resistance training, endurance training, or a
combination of the two. This further supports the notion that
PR must follow a structured, yet adaptive model that meets
the specific needs of each patient.

Interval training has become a popular form of exercise for
the general population, and it may also have benefits in PR.
Patients post-interval versus continuous training show no
differences in peak power, peak oxygen uptake, or 6-minute
walking distance™ . One purported advantage is that patients
in an interval training program are less likely to experience
ventilatory limitation, allowing them to reach higher train-
ing work rates than would otherwise be attainable™. Interval
training may have a role in future rehabilitation—particularly
for patients who need to maximize skeletal improvements in
skeletal muscle performance.

Adjuncts to Pulmonary Rehabilitation

A number of supplemental interventions may improve the
efficacy of PR. The addition of testosterone replacement ther-
apy with resistance training in male patients shows greater
improvement in muscle strength than either modality alone™.
As the incidence of COPD rises with age, it has a greater likeli-
hood of affecting patients after andropause. Measurement of
hormone levels prior to rehabilitation, and replacement when
indicated, holds promise in maximizing strength gains from
training.

COPD patients are at an increased risk for cardiovascular
morbidity and mortality”. PR may be effective in reducing ar-
terial stiffness " and improving ventricular systolic function™.

262

The implications of these findings are unclear, as previous
studies have found no changes in mortality following rehabili-
tation”". A possible explanation is that the changes in arterial
stiffness may be transient, as these studies did not measure
stiffness past 6 weeks. Statin therapy may also improve ex-
ercise capacity and pulmonary function for patients with
coexisting cardiovascular disease™. Further research should
examine these potential benefits on a longer time scale and
elucidate which exercises are most effective at eliciting this
response.

Bronchodilator therapies have an important role in PR also
by reducing dyspnea and enabling the patient to exercise at a
higher intensity for longer. One study demonstrated that pa-
tients on a long-acting maintenance bronchodilator therapy,
tiotropium, showed enhanced training effects, with increased
physical activity and increased treadmill endurance time™*".
A mechanism by which inhaled bronchodilators can benefit
the COPD patient during physical exertion is by reducing
dynamic hyperinflation™. This supports the notion that reduc-
tion of dyspnea should be made a priority in patients citing it
as their primary reason for exercise limitation.

COPD patients often experience falls in oxygen saturation
during exercise. Supplemental oxygen is a common interven-
tion used to maintain oxygenation, and it may also have a use-
ful role in rehabilitation. Correction of hypoxemia improves
pulmonary vascular conductance, restores normal sleep, and
leads to neuropsychiatric improvements®. Another effect of
correcting hypoxemia is reducing ventilatory drive, which in
turn reduces breathing frequency, improves ventilatory ef-
ficiency, and reduces dyspnea. Despite these clinical improve-
ments during activities of daily living, supplemental oxygen
has not shown an advantage over compressed air when
administered during rehabilitative exercise”". Although
supplemental oxygen may not always be necessary during re-
habilitation, the ability to prevent desaturation and to enable
the patient to exercise at a higher intensity is clearly advanta-
geous.

Inspiratory and expiratory muscle training combined with
PR are reported to improve inspiratory muscle strength and
exercise limitation although the practical benefits of such a
strategy are far from clear™®. Other areas such as nutritional
support, sleep quality assurance, and neuromuscular electri-
cal stimulation® show promise as useful adjuncts to PR. There
is a small, but growing amount of literature exploring less
conventional approaches such as acupuncture®, meditation®,
and Tai Chi”, though there is insufficient evidence at this time
to make firm recommendations.

Access to Pulmonary Rehabilitation

Despite the fact that PR is one of the most cost-effective
treatments for COPD, its utilization is often limited by lack of

Tuberc Respir Dis 2020;83:257-267 www.e-trd.org
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awareness and limited patient access’'. Limited patient ac-
cess is attributed to many causes including cost, transporta-
tion, and geographical location'"””, Traditional PR programs
have been hospital-based, labor-intensive, and expensive. A
promising approach to overcome these issues is the develop-
ment of community-based exercise programs under the guid-
ance of a certified personal trainers™”. One such program
showed increased treadmill endurance after 12 weeks of
supervised training and reduced breathlessness, as measured
by increased Transition Dyspnea Index focal score™. Group
based exercise in a similar setting could serve as a motivator
for otherwise hesitant patients and it has potential for use
as a wider scale intervention for at-risk communities. The
standard of care continues to be hospital-based programs, as
they form the basis of most scientific evidence generation".
Community-based programs may, however, have a place in
countries which do not yet have the infrastructure to support
dedicated rehabilitation facilities and could potentially im-
prove access. An alternative to community-based programs is
home-based PR. A recent randomized controlled trial showed
a minimal resource, home-based program offered similar
benefits in terms of reduced dyspnea and improved quality of
life compared to a traditional center-based program™. As tele-
medicine and remote patient monitoring strategies continue
to advance, they will probably further enhance the delivery
of remotely-monitored exercise training programs and thus
have a role in providing much needed PR services to vulner-
able populations. More insidious factors such as fear, lack of
motivation, depression, and isolation also serve as barriers
to PR and individual exercise routines'®*. This lends further
credence to the recommendation that rehabilitation should
encompass a range of both physical and psychosocial guid-
ance, and that these should be assessed initially, during, and
after therapy. Hopefully, the next few years will see a paradigm
shioft in the manner by which PR programs are designed and
delivered. There is much to be gained by adopting communi-
ty-based programs and remote patient monitoring with wear-
able sensors.

Conclusion

This review gives a summary on the current evidence in fa-
vor of PR, highlights gaps in evidence and identifies promising
areas of study that warrant further investigation. The literature
most strongly supports a 6-8 week PR program that includes
lower extremity endurance and/or resistance exercise and
training in collaborative self-management. Training should ex-
ceed the loads required for activities of daily living and should
increase or decrease according to the progress of the patient.
Upper extremity exercises are somewhat effective, but it is
doubtful that they can replace lower extremity exercises, thus,
only if time allows should they be used in conjunction with leg

www.e-trd.org https://doi.org/10.4046/trd.2020.0064

training using resistance or endurance exercises. Follow-up
maintenance therapy is essential to sustain improved clinical
outcomes. This is certainly feasible up to 2 years after initial
PR, though it has not been demonstrated whether there is
benefit beyond this. The benefits of PR should be enhanced
by optimizing inhaled bronchodilator therapy and providing
supplemental oxygen to exercise-induced prevent desatura-
tion. Other adjuncts to PR such as resistance training and
testosterone replacement may further improve clinical out-
comes especially when given together. Access to PR remains
a pressing issue, but community- and home-based programs
are promising solutions. Despite its efficacy, there are still
challenges with PR and room for further improvement. A
crucial step is education of healthcare providers and patients
on the potential benefits and how best to achieve these. PR re-
mains one of the most successful interventions to help COPD
patients maintain an active and healthier lifestyle.
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